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ABSTRACT
The purpose of this multiple case study was toargiow mathematically proficient
homeschool graduates acquired their proficiencgnimbrenner’s (1979, 1999)
ecological and Process-Person-Context-Time (PP@Dels were used as theoretical
frameworks to analyze the development of the griasua the homeschool environment.
The National Research Council’'s (NRC) Five Strapidslathematical Proficiency
(Kilpatrick, Swafford, & Findell, 2001) was used asonceptual framework. | collected
four types of data: (a) surveys; (b) National Assasnt of Educational Progress; (c)
Mathematical Self-Efficacy Scale scores; and (thririews. These data items were
analyzed with explanation building, a special cafsgattern-matching logic. Many
themes emerged from this research: strong nucheaiti€s, direct teaching, self-study or
self-directed education, mastery learning, purpmsonversations, and challenging
curriculum (Saxon). As they matured, these gradulaidt upon the foundation set by

their parent educators and took ownership of thieidies.

Descriptors: homeschooling; bio-ecological the®®CT model; mathematical

proficiency; case study; explanation building; MSEAT; NAEP; Saxon curriculum



Dedication

As | complete this section, | am reminded of therdsg of Elizabeth in Luke 1:25,
“The LORD has done this for me.” | would not betas place without His grace, mercy,
and guidance. He deserves all the praise.

| dedicate this work to the homeschooling famild® blazed the trail and those
who will continue. Also, | want to honor the homiesoling families and their graduates
who made this research possible. Without theirtinghis project would not have been

accomplished.



Acknowledgments

First, | would like to acknowledge my committeemieers, Dr. Clemente, Dr.
Grove, and especially Dr. Morgan, for their encgeraent, expertise, and time that they
invested in this dissertation. | greatly appreciaia!

Also, | am indebted to Dr. Spaulding for her assise with this research. She led
me through the initial stages of the proposal aglddd me finish strong with the
consultant check. Thank you for your attention etad!

Furthermore, | want to acknowledge my editor, DabhdHallgren, for her
expertise, hard work, and encouragement in thé $tages of this work.

Lastly, I wish to thank my family, my husband, myther and my father, and my
three children for their prayers, their support] #8meir encouragement. | would not have

finished this without your help. | love you all yemuch!



Table of Contents

[DZ=T o [ o= 1[0 o [P P P PPREPP PP 4
F ot L0111 T=To o g = €SP 5
LISt OFf TADIES ...t e e 11
LiSt Of ADDIEVIALIONS .....ceiiiiiiiiiiiie e et e e e e e e e 12
CHAPTER ONE: INTRODUCTION ......iiiiiiiiii e e 13
2 7100 (0 [ £ 11 Lo L 13
SIUALION 10 SElIf.....oiiiii e 21
DETINITIONS. ...ttt e e e e e s n e e e 22
Problem Statement ... e 22
PUIPOSE STAtEMENT ... i me e eenans 24
RESEAICH QUESTIONS ... ..ciiiiiiiii et ettt e e e e e e aie e e e e e e et s e e e e e eesnnnsanaeeeaenes 24
Significance of the StUAY .........cooo oo 25
DEIIMITALIONS ...ttt e e e e e 26
RESEAICH PlaN ...t 27
SUMIMIAIY ..ttt eerrem e et e e e et e e et e e e et e e e et e e e e e neeesn e aeennaeees 28
CHAPTER TWO: LITERATURE REVIEW ... 30
aLigoTo [UTol 1 o] o F TP PPPPEPPP 30
TheoretiCal FrameWOTK ...........cooiiiiiiiiiee e 30
Conceptual FrameEWOrK ............ooiiiiiiees e eeesss e s e e e e e e e eaeeeeeeeeesesssnnnnnnseennnnes 38
Five Strands of Mathematical ProfiCiencCy.....ccccceeveviiiieiiiiiieece, 38
Review Of the LItErature ..............ooiimmmm e 39
Describing Mathematical ProfiCIENCY..........comeeeeiiieeeiiiiiiiiiiiaee e eee e, 40



Assessing Mathematical ProfiCIENCY ... eeeeeeiiiimiiiiaineee e eeeeeeeeeiieees 42

SEIfF-EffICACY ..o e e e e e eaaaeae 50
HOMESCNOOKING ... s 53
SUMIMABIY ..ttt e et reaee et e e e e e ettt e e e eeeebsa e e aeeessan s aaaeaeeeesssnnnaaaaennes 71
CHAPTER THREE: METHODOLOGY ....iiiiiiiiiiii e et e s s et eeaan e eanne s 27
T goTo [FTox 1 o] o TR SS USRI 72
RESEAICN DESIGN. ..ttt s 73
RESEAICNEIr'S ROIE ... e 74
o T Tod o = o1 TP 76
Y= 11T SRR PPPURPPPRPRPR 79
Data ColleCtion ProCEAUIES.......cooo i e e e e e 81
Standardized INSITUMENTS.........uuuiiiieie e e 83
INEEIVIEWS/SUIVEYS ...ttt e e e e e e e e et e ee e e e bnnnnneenaeees 85
Do olU]a g T=T o @e] | [=Tox 1 o] o TP TR 97
Data ANAlYSIS PrOCEAUIES ........cuuuiiiiiiaeeee ettt e e e e e e e eeeeeeeeeees 98
SUMIMABIY <.t eereae et e e e e et et e e e e e eeat e e e e e eeeeaaeaaeeeeeeensnnnaaaeas 100
TrUSTWOITNINESS ... 102
ELNICAI ISSUBS ... s 105
CHAPTER FOUR: FINDINGS ...t e e eens 107
PartiCiPant POIraitS . ......... oottt e e e e e e e e e eeeeeeeeeeennnne 108
COX Family (N€d) ....coeeeieeieieeeeee e e e ennanneees 108
Ford Family (Cali and SUE).........ooviiiiiiieiee e 111
Hall Family (Ela and Ola) ..........coooiiiiiiiiiiiiiiii e 115
Jones Family (Tad and ROD) ...........uiiiiiiii e 120



King Family (Wes and Mae)...........uuuuuuuuummmmmn ettt 126

Lee Family (Al) ..o 131
Rice Family (Hali) ......oooiiiiiiiiiiiii s 135
Sims Family (Ben and QUE).........oiiiiee ittt 138
Tate Family (KimM) ..o ettt e e e e e eeee e 143
Webb Family (Lea and DON) ........uuueiiiiiieeeeeeeeeeeeeeeeei e 147
Between Case ANAIYSIS........oouiiiiiiiiiiiceeeeee it e e e e e e e e e eeaereennnneeeaane 152
DEeMOQGIraPRICS .. .ceeiiiiiiiiiiiiiae et a e e e 153
Mathematical Proficiency of GradUates....... e oooeeeeeeeeiiiiiiieiiiiiiiiis 35
SAT and NAEP Gender COMPAriSONS...........coummmmmeeerrrrmmmnnnnaaaaaaaaaaaeaeaeeeees 154
Research Subquestion ONE ...........ueeiiieeceeiii e 156
Research SubQUESTION TWO ........uuii s e 165
Research Subquestion Three............ e 168
Research SubqueSstion FOUF.............oiiii i 170
Research SubqQUESLION FIVE ............uuuutmmmmmmme e 174
The Central QUESTION ........ouvuiiii i 189
CHAPTER FIVE: DISCUSSION ... .o 192
Summary of the FINAINGS .......ouiuiiiiii e 193
(€121 0 [ TP P ST PPPPPPPPPN 193
HOmMeSChool ENVIFONMENT ..........uiiiiiiiiii et 193
Correlating Findings with Homeschool Research..................ccoocviiiiiiii, 195
ATTUAES ... e e e e e e s s 195
INStructional PracCliCeS ........cooiiiiiiiiii e 197
RelatioNSNIPS ... ————— 200



(G111 [0 [T TR TP 201

Connecting Findings with Non-Homeschool Research..................ccccoeeeiiin, 201
Implications of this StUAY .........cooiiiiii s 203
Homeschooling Parent EAUCALOrS ............coeennniiaeaaeeeeeeeeeeeeeeeeeiieennnnn 204
Parents of Conventionally Schooled Children ...............oooiiiiiiiiie. 206
Conventional SChool EAUCALOIS ...........cooermmmmmiiiiiiiiieeeeeee e 206
TrUSIWOITNINESS ...ttt e e 207
LIMIALIONS .. ettt et e e e e e e e e e e s mmmnn e e e e e e e e e aeeas 208
Recommendations for Future ReSEarCh ...... e 209
CONCIUSION ... ettt ettt e e e e e e e e e e e e e e e e e e e e eeeas 210
REFERENGCES ...ttt e e e e e e e e 212
Appendix A: Modified NAEP Grade 12 Mathematics Fe@ncy Evaluation ............. 228
Appendix B: Semi-structured Homeschool Graduateriew ...................eevvvveniennnnn. 233
Appendix C: Homeschool EJUCator SUIVEY ..........ooovviiiiiiiiiiiiiiiiiee e eeeeeeeeeeeeeieees 235
Appendix D: IRB Approval LEetter ...........ooi i ee e 237
Appendix E: Email of Intent to Potential PartiCipgun..............ooovvvviiiniiiiinneeeeeeeeceee 238
Appendix F: Consent Form for Homeschool EAUCALOLS..........uuiiiiiiiiiiiiiiiiiee P3
Appendix G: Consent Form for Homeschool Graduates.............ccceeiiiiiiieeeeeeineenee. 241
Appendix H: Mathematics Self-Efficacy SUINVEY . ccooviieiiiiiiiiiiiiiiiiiiiicee 243
Appendix |: MemO SamPIES .......uvueeiiii e 244
y Y o] o 1= T b Sl AN =T o U 245
E Y o] L= gL b (A - | P 248
F Y o] L= T b E YU U 250
APPENAIX M2 ELQ. ..ttt 252



E Y o] L= gL [Dq O ] - U 255

APPENAIX O: TAU...eeeeiiiiiiiiiieee e e e ettt ettt s e e e e e e e e aaaeaaaaeeeaaaeeeeeeesnnens 258
F Y o] 1= Lo D Q=i oo ] o U 261
APPENIX Q: WS ... . ittt ettt ettt s e e e e e e e e e e e e aaaaeeeaeaeeeeeeeeneees 264
APPENAIX R MBE ...t ettt e e e e e e e e e e e eeaaeeeaaaeeeeeeeennees 266
APPENAIX S: Al . e e e e e e eeees 269
E Y o] L= gL b A o - | U 272
APPENIX U BEIN ..ottt eme ettt e e e e e e e e e e e e aeeeeaaeeeeeeeennee 275
APPENAIX V2 QUE ..ttt et eme ettt s s e e e e e e e e e e e e e e aeeeaaaeeeeeeenneees 277
APPENAIX W KM ..t sttt e e e e e e eeaa e e e e e e e e e eaeeeees 279
E Y o] 1= gL D Al = - BT 281
APPENAIX Y2 DON ettt ettt e e e e e e e e e e e aaaaeeeaaaeeeeeeeearen 283
Appendix Z: Graduate and Educator References joMBetween Case Themes. ...... 285

10



List of Tables

Table 1: Participants’ Demographics and Charadiesis..................c.cceevnnn.. 79
Table 2: National Percentages of Homschool Students

South Carolina and Virginia as Compared tac@aage of School Aged

Students IN SC AN VA ..ot 81
Table 3: Semi-Structured Interview Questions and€3ponding Research Citation.... 92

Table 4: Home Educator Survey: Open-Ended QuestindsCorresponding Research

(O] 1 1T0] o IS PP PR P OPPTTPPPPR 95
Table 5: Bronfenbrenner’s Four Ecological Systems..........ccccceveeiivieeeiiiieeeeeninnns 101
Table 6: Bronfenbrenner’'s PPCT Model Applied to H@chooling..............cccceveeee. 101
Table 7: Five Strands of Mathematical Proficiencgddl ...............cccccoeeiiiiinieneennnnl 09241
Table 8: Graduate SAT Math and NAEP SCOreS.....cc...cooooviiieiiiiiiiiic e 155
Table 9: Averages of the SAT and NAEP by Gender . ...cceieeiiiiieeeiiiieeeeeiiiis 561
Table 10: Percentile Equivalents for Math Self-€dfty Scores .........ccccceeevvvieeeeeeennnn.n. 166
Table 11: MSES Scores of 16 Graduates with PetesrBiender Based .................... 167
Table 12: Averages of the MSES Graduate SCOres..........cceeeiiiiiiiieeeeeeeieeeeeninnns 168
Table 13: MSES Scores of Home Educators with PétesrGender Based ................ 169
Table 14: Averages of the MSES Home Educator SCOLES..........covvvvvvvvvvnenniiinnnennn. 170
Table 15: The College Majors and Vocations of Gedesi and Their Parents.............. 181
Table 16: Graduates’ MSES Total Score Side by @itle Parents............cccccceeeeeennnn. 186
Table 17: Correlations of Total MSES Score of Gedds with Parents....................... 187
Table 18: Graduates’ Percentiles Side by Side Rétents .............ccc.ovvvvciiiieennnnn. 188

11



List of Abbreviations
Academic Engaged Time (AET)
Bob Jones University Press (BJUP)
California Learning Assessment System (CLAS)
General Education Development (GED)
Grade Point Average (GPA)
Home School Legal Defense Association (HSLDA)
lowa Test of Basic Skills (ITBS)
Mathematics Self-Efficacy Survey (MSES)
National Assessment of Educational Progress (NAEP)
National Assessment Governing Board (NAGB)
National Council of the Teacher of Mathematics (NQT
National Mathematics Advisory Panel (NMAP)
National Research Council (NRC)
Process, Person, Context, Time (PPCT)
Science, Technology, Engineering, Mathematics (SYEM
Tampere University of Applied Science (TAMK)
University Model School (UMS)

University of Chicago School Mathematics ProjecB@CMP)

12



CHAPTER ONE: INTRODUCTION

This dissertation utilized qualitative analysist@mine the acquired
mathematical proficiency of homeschool graduat@se first chapter of the dissertation
presents the background of the study, identifiescti! to research for this topic and the
corresponding gap in the literature, classifiesptmblem that the study addresses,
clarifies the researcher’s relationship to the fEot) and describes the study’s
significance. The chapter concludes with the staidigfinitions, delimitations, a brief
research plan, and the justification for this reslea

Background

Ray (2011) approximated the current number of lsmineolers at 2.04 million.
Compared to the Census Bureau’s latest figure dfis4million United States school-
aged children, Ray (2011) estimated that 3.8% aif population is homeschooled (also
referred to as home educated). The growth of hohweding, in the past several years
has been dramatic. The US Department of Educatidational Center for Education
Statistics (NCES) found that this population haseased from 850,000 in 1999 (its first
year of recording that information), to 1.5 millionthe spring of 2007 (NCES, 2008), a
76.5 % increase over 8 years. This amount excetb@addividual school-age
populations (5-17 years old) of all but five statg3alifornia, Florida, lllinois, New
York, and Texas (Annie E. Casey Foundation, 20dB)ch justifies investigation.

The consensus of homeschooling literature suggiéisée homeschooling
provides students with a comparable education teeational schooling. In a seminal
study by Rudner (1999) and a follow-up study by R810), the academic achievement

(measured in both mathematics and English) of hohweders was perceived to be as
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good or better on standardized tests than non-hdroeters. Additional studies
indicated that these alternatively educated yowgrevas well prepared for college, if not
better prepared, than their conventionally schopksets (Bolle, Wessel, & Mulvihill,
2007; Goodman, 2008; Jones & Gloeckner, 2004; Ray0, 2010).

Findings from several quantitative studies suggttstt homeschool learners
perform at least as well as or better than thewwveationally schooled counterparts. Ray
(2010) stated, “to date, no research has found kono®l students to be doing worse, on
average, than their counterparts in state-run dshqm 11). K-12 homeschool students
showed high academic achievement on standardisexldrd exhibited collegiate
preparedness (Bagwell, 2010; Basham, Merrifieldde&pburn, 2007; Clemente, 2006;
Jones & Gloeckner, 2004; Klicka, 2004; Ray, 2004 2010; Rudner, 1999; Van Pelt,
Allison, & Allison, 2009). A limited amount of rearch dealt with special education
homeschooling and those findings indicated thatestits with special needs benefit from
school at home (Duffy, 2002; Duval, Delquadri, & M¥a2004; Ensign, 2000; Ray,
2002). In their research, Duval et al. (2004) fbtimat the homeschool students with
special needs engaged in more Academic Engaged (NEE) and less competitive
behavior than their non-homeschooled peers. Acogrtdi the overwhelming majority of
homeschooling socialization literature, self-coricepmmunity involvement, work ethic,
and social group behavior of home-educated studbath college and K-12) appeared
to surpass that of their conventionally schoolegrpéBasham et al., 2007, Bolle et al.,
2007; Byers, 2005; Goodman, 2008; Medlin, 2000;,R&p4; Shyers, 1992; Thomas,
1998; 2002). Results indicate that homeschoolergebted these students.

Available homeschooling research suggests that bamoeled children perform

as well as or better than conventionally educatedtyin mathematics and English
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(Clemente, 2006; Ray, 2000; 2010; Rudner, 1999aly, the difference was more
pronounced in verbal standardized college entrgaste than in mathematics ones. Both
the 2000 SAT Verbal and Math averages of homeseh®alere above the national
average, but the 63 point Verbal score differenase much greater than the 18 point
Math score difference (HSLDA, 2001). Bagwell (201®@)nd that homeschoolers
performed significantly better in reading and wigtiparts of the standardized college
COMPASS tests, but not in the algebra subtests.

Current research suggests that at least some hbowgraduates feel
unprepared for college mathematics. Jones (201@dfthat 25% of surveyed
homeschool graduates—as compared to 24% of pudtimos graduates and 20% of
private school graduates—wished that they had betar prepared for math in college.
In the qualitative phase of his research, BagviZ€llLQ) investigated the feelings of
selected students concerning their mathematicpbpeeiness and discovered that all of
them, both homeschooled and public-schooled, egpdea lack of confidence in their
mathematical ability. Bagwell (2010) contended thase results would trigger future
dialogue concerning mathematical preparation indsohools.

Some researchers describe, in-depth, the typestbiction that home educators
provide. Homeschooling instructors utilize flexdtldchedules and structures, adapting to
the learner (Meighan, 1995; Patterson et al., 2@@0iiams, 1991). From survey data,
Williams (1991) established a recurring patterh@meschooling instructors, flexible
approaches with a moderate to high level of autgn@ncouraging intrinsic motivation.
These respondents believe learning is a process, gimal. Informal learning took place
in homeschooling families (Meighan, 1999; Thoma38)9 Home educators selected

curriculum that corresponded to the individual reeefithe student and the instructor,
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changing texts and methods as needed (Clement®; B@dna, 2011; Meighan, 1995,
1999; Patterson et al., 2007). They valued rigar r@petition (Clements, 2002) and
believed that immediate feedback was critical fmmpoting interest and engagement and
utilized various assessments to evaluate theiestgtretention and curriculum
effectiveness (Bannier, 2007). Also, they taughiclumplete mastery while
acknowledging learning styles. Martin-Chang, Goalag Meuse (2011) suggested that
more structured homeschooling instruction improstshdardized test scores among
younger children. Shepherd (2010) described theelsochooling instructional pedagogy
he found as traditional — rote learning, extensnamorization, and worksheet practice.
Hanna (2011) showed increased usage of computandbgy and networking of home
educators over a 10-year period. Bannier (2007)yestgd that future research needs to
discover and report educational best practicefienmative educational systems,
asserting, “Rigorous studies, both qualitative gndntitative, should be conducted to
seek out and reveal the best practices in assesstnemculum design, curriculum
evaluation, and teaching techniques of educatodsmnains outside of mainstream
higher education” (Bannier, 2007, p. 66). Shepli2fd 0) recommended further in-depth
study of homeschool instruction, stating

The curricular plan and instructional approachrestlae areas most in need of

greater, more formal study on the part of educatarsWhat is lacking is greater

insight into how they accomplish as successfullthay do. . . . What is the secret

of their effectiveness? (p. 103)

Limited current research exists concerning mathealaturricula or instruction
in homeschooling families. Consistent parental imement in correcting work and

keeping current with seminars correlated with matdgcal achievement on standardized
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tests (Richman, Girten, & Snyder, 1992). Peter20i 1) found that out of 57
homeschool respondents, the most common curritsen were Saxon and Math-U-
See (tied at 11 votes each). Interestingly, thiscsi®en shows an equal split between
secular (Saxon) and religious (Math-U-See) progrddmsz (2000) reported
mathematically stimulating environments, rich imeersation, puzzles, and brainteasers.
These learning environments were child-led, intedesen, conversation-abundant, and
full of mutual trust and respect, with no cent@lice of knowledge (e. g., teacher
dominated). Studying Science, Technology, Engimgeiand Mathematics (STEM)
education in homeschooling families, Bachman (20ivgstigated their mathematical
practices. Confirming Thomas’s (1998) findingscBman (2011) found the extensive
use of practical mathematics applications, suatoaking and shopping. Additionally,
Bachman (2011) reported the eclectic utilizatiopwtzles, games, toys, Lego blocks,
manipulative objects, online helps (KhanAcademyaid other mathematics teacher
websites), packaged curriculums, and their ownuweligdesigned curricula.

There has been a call for research to exploredheekchooler educators’
instructional practices and curriculum (Cizek & R&995; Sutton & Galloway, 2000).
Cizek and Ray (1995) surveyed home education reflsea. The respondents called for
further research, about the instruction home edwsgirovide and how it could be linked
to the conventional classrooms. They wanted detaibait,

what home educators actually do . . . the teac$irsgegies used by home

educators, the quality and effectiveness of horeguntion, the role that each of

the parents actually plays in home education, ®@effects of long term home
schooling (including psychological effects) on bethidents and parents.

Additionally, several respondents indicated that &tempts have been made to
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establish linkages between home education reseactleducational research
generally. For example, it would appear that redeéindings on effective
practices in home education would be germane tectidebates on general
educational reform. . . . The home education reteagendas identified in this
study may provide a critical testing ground forigimlened practice in other
settings if further research shows that what warksome schools may be
efficaciously imported into other educational eowiments, especially in the
traditional educational setting. (Cizek & Ray, 19pp. 7-8).
Sutton and Galloway (2000) called for future reskdocusing on the impact of high
school curriculum on the college success of studgam homeschool compared with
non-homeschooled ones. They acknowledged theetiugs of conducting quantitative
research concerning curriculum,
Future research should also focus on the impathigh school curriculum may
have on college success among students coming both@e schools, private
schools, and public schools. In a rare 10-yearitadgnal study, Adelman (cited
in Bracey, 1999) discovered that curriculum intgnand quality was the best
predictor of college success, not the more tradiigpredicators of senior class
rank, grade point average, aptitude test, or egeimseconomic status. Controlling
for variance in curriculum used by students conffrogh home school settings, as
opposed to more standardized curricula found idipalnd private school
settings, may be problematic for investigators, é&wosv (Sutton & Galloway,
2000, pp 144-145).
There has been a call for research to further tigegte the homeschool

mathematics-learning environment. Ortiz (2000) nec@nded that further study
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concentrate on why homeschoolers succeed on sthreldiachievement testing,
proposing, “New research, instead of focusing didating homeschooling learning
environments as successful learning environmeotddalo a huge service by
concentrating on being able to explain in moreithetay homeschoolers are successful
on these standardized achievement test” (p. 148wlise, in her conclusion and
discussion of homeschool research involving consparof college SAT scores,
Clemente (2006) posited, “Have home educators éatcamto something we should be
paying attention to, if so, then what?” (p. 47)sBd on his quantitative and qualitative
research concerning college students, Bagwell (R6&€cribed a need for future research
in the area of mathematical instruction and homesiang. Bachman (2011) challenged
homeschool and mathematics researchers to investigamathematical learning
activity of homeschoolers, writing,
It is worth looking closer and more specificallyrammeschool mathematics
learning activity. Is “everyday” or life embeddeththematics activity incidental
mathematics learning or more intentional for horhesting families? It seems
possible “everyday” mathematics could be diffefenthome-educating families
than for schooling families. How are academic afedong mathematics learning
goals playing out (p. 405)?
Additionally, she made a general charge to reseasadnd educators, to go beyond the
simplistic view of what is learned, and “to includly, how, where, when, with what
tools, and with whom do learners learn, a systeies emerges that reveals the rich
diversity and potential of family-led learning” (Blaman, 2011, p. 407).
Very little recent research exists that gives teespectives of the homeschool

student. Van Schalkwyk and Bouwer (2011) interviéweunger homeschool students
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about their homeschool experience, utilizing Brabfenner’s (1999) bio-ecological
model as her theoretical framework. She found is=tancy between the parent’s
perception of the homeschool environment and tindesit’s. Ortiz (2000) conducted
structured interviews with the students conceriingy views on mathematical topics:
math anxiety, feelings about math, and advantageésisadvantages of learning math in
a homeschool setting. The parents and the chilappeared to share similar positive
attitudes toward the homeschool situation. Good(#808) surveyed and interviewed
homeschool graduates about their homeschool lgaamaironments, finding three
dominant patterns—personal, familial, and autonasrethat derived from the
personalities, interests, and family responsib#itdf the students and parents.

There has been a call for further investigationti@er perspective of the
homeschool student and a mathematical proficientestt. Research on the perspective
of the homeschool student is important and nee@eddman, 2008; Green & Hoover-
Dempsey, 2007; Shepherd, 2010). Perceptions aghdteematically proficient student
would be beneficial to research literature (Schekeinf2007). No current in-depth case
study research exists that reports how mathemitigadficient students (homeschooled
or non-homeschooled) acquired their proficiency.

There is a gap in the literature for what worksiameschool mathematical
instruction, as well as the perspective of the hewheol student. Although research
seems to indicate that homeschoolers excel whepaa@d with non-homeschoolers,
some research suggests that the spread in homéscath@matical achievement is
markedly lower than that of language skills. Matla¢ioal proficiency best practice is

necessary research, since mathematically proficiiméns are critical to the United
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States (National Mathematics Advisory Panel [NMAR]08). Furthermore, there is need
for investigation from the perspective of the mathécally proficient student.
Situation to Self

In conducting credible research, the researchet make the paradigm and
philosophical assumptions explicit. Researcheesinie articulate the paradigm—post-
positivism, constructivism, advocacy/participatany pragmatism—that they employ
(Creswell, 2007). Within each paradigm, five phdphical assumptions of qualitative
research exist. They are ontology, epistemologwlagy, rhetorical, and methodology.
In this case study, | mainly used the social caasitrism/interpretivism paradigm to
interpret the meaning that the homeschool gradugtesto their mathematical
proficiency. Since | also wanted to provide potriest practices in homeschool
mathematics, | also considered the data analysis & pragmatic viewpoint.

| have taught in public education and been a hataeaor. Before having
children, | taught mathematics and computer prognarg for 10 years in a New Jersey
public high school; at the same time, | conduceather in-service on the use of the
computer in the classroom. After the birth of mrgtfchild, | worked part-time in an
adult school helping General Education Developn(@lD) students pass the
mathematics portion of the GED. After the birtmof second child, my family moved
to South Carolina. When my first child turned fgears old, our family began to
homeschool. We have continued to this day, 19syle&er. As a math teacher and a
home educator, | desire to find what works for reathtical instruction, to offer help to
those struggling with math. | interviewed homesdigraduates who scored 600 or above

on the SAT college entrance mathematics subtesthare the “secrets of their success.”
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Definitions

The homeschool environment includes: the mathealatqeriences of the
graduate (e.g., curriculum, instructional practjcédse physical locations where the
mathematical experiences took place (e.g., homth olass at a co-op, online class,
tutor, math club, etc.), the relationships of thedent (with parents and siblings and other
teachers), and the attitudes of the student anclg¢ols toward homeschooling and math,
during the graduate’s period of homeschooling.

Mathematical proficiency was determined as thatglah individual possesses to
comprehend math concepts, be fluent in math opastrepresent math problems,
justify strategies used in solving math problenmsl see mathematics as useful and
worthwhile (Kilpatrick, Swafford, & Findell, 2001)his definition was based on the
National Research Council's (NRC) Five Strands attihmatical Proficiency involving:
conceptual understanding; procedural fluency; efjiatcompetence; adaptive reasoning;
and productive disposition. In this research, nrathiecal proficiency was measured by a
modified form of the National Assessment of Edumadi Progress [NAEP] Grade 12
mathematics test (Appendix A) for the first foungmonents of the NRC model and the
revised Mathematics Self-Efficacy Survey [MSES] tB& Hackett, 1993) and interview
responses, for the productive disposition..

Problem Statement

Homeschool students outperformed non-homeschodésts on standardized
tests and college GPAs, both in reading levelsmaathematics (Bagwell, 2010;
Clemente, 2006; Cogan, 2010; Jones & Gloeckne#;2R@ay, 2000; 2004; 2010;
Rudner, 1999). Clemente (2006) found that homesdeh®scored significantly better

than their non-homeschooled peers, on the comp®sitescore. Yet, some research
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indicated that the spread of mathematical achiemémre college entrance exams was not
as great as the reading levels (Bagwell, 2010; HSLIDO01; Jones & Gloeckner, 2004).
Recent research suggested that some homeschocduiigages wished they had been
better prepared mathematically (Bagwell, 2010; 308610). These findings imply that
homeschool graduates who scored significantly highestandardized mathematical
achievement tests were a select group. They magpimdered mathematically

proficient. There is a need for research on thénamattically proficient student’s
perspective of their proficiency and how they acegit (Schoenfeld, 2007).

There is a dearth of research available on thepetives of mathematically
proficient homeschooled students. Limited receséaech exists that gives the
perspectives of the homeschool student (Goodmd§; Z0rtiz, 2000; van Schalkwyk
and Bouwer, 2011). Research from the homeschodéstis perspective is needed
(Green & Hoover-Dempsey, 2007; Shepherd, 2010)dd¥earch has been found that
studies mathematically proficient homeschoolersftbeir perspective.

Qualitative inquiry, specifically case study resdamllows a researcher to
explore the how or why of a situation (Stake, 200i@; 1994; 2009). Qualitative
research is needed to understand and explain rese gtudents acquired their
mathematical proficiency. A multiple case studyome mathematically proficient
homeschool graduates would serve to inform homedictgpfamilies what environments
and experiences supported the acquisition of madtieah proficiency in these
participants, and if they could be replicated, al as add to the literature concerning

best practices of homeschool mathematical instrocti
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Purpose Statement

The purpose of this multiple case study is to usiderd and explain how some
mathematically proficient homeschool graduates meduheir mathematical proficiency.
Despite criticism over its predictive validity (Faest, 2001), the SAT math score
positively correlated with college freshmen (.58 digh school (.48) mathematics
course grades (Mattern, Patterson, & Kobrin, 20C8)lege and university admissions
have long relied upon this reliable tool for preiutig student success and performance
(Long, 2011). Regarding the 2012 SAT test takingybation, approximately 25% scored
a 600 or above on the math section, well abovetieeage of 510 (The College Board,
2012). More years of homeschooling showed mordfgignt differences in achievement
tests (Ray 2004, 2010; Rudner 1999; Van Pelt, édljs Allison, 2009). Ray (2004)
surveyed families who had homeschooled for sevamsyer more because they exhibited
the long-term effects of homeschooling. Based esdtfactors, the phenomenon
examined in this study is the acquisition of mathgoal proficiency in home school
graduates who scored 600 or above on the SAT nuatiest of the college entrance
exam and had been homeschooled for seven or mars.ye

Research Questions

The purpose of this multiple case study is to usided and explain how
mathematically proficient homeschool graduates imeduhis proficiency. This
collective case study focused on the central quesiHow does the homeschool
environment, including attitudes (of both graduate educators), instructional practices,
relationships, and physical surroundings (may idelmore places than the home)
contribute to the mathematical proficiency of hooe®l graduates?

The following five subquestions guided this study:
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(a) How do mathematically proficieftomeschool graduatetescribe their
mathematical homeschool environment?

(b) How do mathematically proficiefitomeschool graduatetescribe their
mathematical self-efficacy?

(c) How dohome educatoref mathematically proficient homeschoolers describ
their mathematical self-efficacy?

(d) How dohome educatoref mathematically proficient homeschoolers describ
their homeschool graduate’s homeschool mathemadicatonment?

(e) Are there any apparent patterns or relationshipsden the descriptions of the
mathematically proficierhomeschool graduatesd theithome educators
concerning the homeschool environment and theihemastical self-efficacy

Significance of the Study

In an era of high stakes testing, strategies artiads that enhance mathematical
learning and subsequent proficiency are greatlyeal(Ball, 2003; Kilpatrick, et al.,
2001; National Council of the Teachers of MatheosafiNCTM], 2000; Schoenfeld,
2007). There is need for further in-depth inquiMyp the homeschooling learning
environment (Bannier, 2007; Shepherd, 2010) antducisonal practices of
homeschoolers (Cizek & Ray, 1995; Sutton & Gallow2§00), integrating this inquiry
with general educational research (Cizek & Ray,5)98specially as it relates to the
mathematical competence of homeschooling stud8aishfnan, 2011; Bagwell, 2010;
Ortiz, 2000). This in-depth inquiry must proceegdied quantitative research to
gualitative research (van Schalkwyk & Bouwer, 20thlhetter understand and explain

how they acquired their mathematical ability. eespective of the homeschool student
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is underrepresented (Green & Hoover-Dempsey, 280@pherd, 2010), as well as the
mathematically proficient student (Schoenfeld, 2007

Case study research focuses on the how of a phemoni8take, 2006; Yin,
2009). Morgan (1991) conducted case studies d&fiddnia families that evaluated their
coverage of seven areas of socialization listaderVirginia Middle School guidelines
and found that the families covered the seven aseamse with specialized curriculum
and some without. Morgan (1991) asserted thatinkdéengs of her research would
provide the home school community with informattbat would help them “to evaluate
their own methods and improve the quality of thestruction” (p. 5).

In this multiple case study, the NRC'’s Five StrantiMathematical Proficiency
(Kilpatrick et al., 2001) served as the guiding middr mathematical proficiency. The
meaning that mathematically proficient homeschaatigates gave to their homeschool
mathematical experiences, their attitudes towarahematics, and their mathematical
self-efficacy was examined. Did the homeschoolegifies interviewed facilitate the
five strands of mathematical proficiency set fdsththe NRC’s 2001 report? As with the
Morgan (1991) study, home educators would be abigilize the results of this study to
assess their own practices and improve the qualitiyeir mathematical instruction.
Results of this study would also provide informatto public and private school
educators seeking to provide services to homestigpfaimilies, as well as the parents
who seek to enrich the mathematical learning af t@ventionally educated students.

Delimitations

Placing boundaries on a case study keeps the cbsieam becoming too broad
or having too many objectives (Stake, 1995). Bigda case in terms of time and activity

kept the research reasonable in scope. Purpadelsted participants bounded the case
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to keep the research manageable and align it hgtlgbals of the study. In this study,
participants were selected on the basis of thethrsabtest SAT scores (600 and above)
and the number of years homeschooled (seven or)more

To improve internal validity, Yin (1994, 2009) awbates the use of several cases.
Two to three cases can be used for literal repinatind four to six additional cases for
theoretical replication. In this study 16 mathewlty proficient homeschool graduates
were selected, to provide a rich amount of datkitay for commonalities.

Research Plan

A qualitative approach provides robust informatarout a phenomenon (Ary,
Jacobs, Razavieh, & Sorensen, 2006) and case fetcalyes on small samples, for rich
description of variables and environments (BodgaBil&an, 2007). Multiple case
studies provide information from individual casesl @ross-case analysis (Stake, 2006;
Yin, 1994, 2009), facilitating literal or theoratiaeplications (Yin, 1994, 2009). This
multiple case study focused on how mathematicathfigient homeschool graduates
acquired their proficiency.

Yin (1994) advocates the use of pilot studies, i&lisg) an investigator to develop
relevant lines of questions—possibly even providinogne conceptual clarification for the
research design as well” (p. 74). Initially, | coletla pilot study with one graduate that
refined the survey and interview process. The hohrmed graduate filled out the
Mathematics Self-Efficacy Scale [MSES] (Betz & Hattk1993), took a modified
National Assessment of Educational Progress (NAE®)(Appendix A), and answered
interview questions (Appendix B), based on curti@tature, at their home. The home

educators filled out a survey about the homesceowakronment (Appendix C) based on
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current literature, provided SAT scores and a ftreadscript, and also completed the
MSES (Betz & Hackett, 1993).

Stake (2006) and Yin (1994, 2009) advocate theotiperposeful sampling to
bind the study. After this pilot study, 16 oth@nimeschooling participants were recruited
using purposeful sampling. Four gate-keeping omgimns sent out an email describing
this case study research to their homeschoolingtitoants, with my contact
information. One gatekeeper provided two qualifypagticipants. Through my personal
contacts, | gathered 14 graduates. Altogether rdéugtes, who scored 600 or above on
the SAT math subtest and had been homeschoolesg¥en or more years, participated.
Each graduate was considered as an individual Bagle.parents of each student also
participated for the purpose of better understamtiie graduate.

Explanation pattern logic design was used to exarthia data, using within case
and cross case analysis (Yin, 1994, 2009). NAEPtlae MSES (Betz & Hackett, 1993)
scores were used to evaluate the mathematicac@ody of the homeschool patterned
after the NRC'’s five strands of mathematical prieficy (Kilpatrick et al., 2001).
Bronfenbrenner’s (1979, 1999) ecological and PP@tets, were used to analyze the
homeschool environment, as explained through tiheewaf the participants and the
meaning the homeschool graduates give to their Bolno®l mathematical experiences.

Summary

There is a need for case study research examuwgsome mathematically
proficient homeschool graduates acquired theirigigicy. Given the tremendous
growth of homeschooling in the United States oliergast forty years, this alternative to
conventional schooling has not been a passingagdhany educational reform

movements have been. Homeschooling research hastmtly demonstrated that
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homeschooling students have performed as well hertitran non-homeschooling
students. Most of this research has been quamétatid researchers have called for a
more in-depth look at this success and what horaeatdrs are doing to promote it
(Bachman, 2011; Clemente, 2006; Cizek & Ray, 19945z, 2000; Shepherd, 2010).
There is a critical need of best practices of idton (Bannier, 2007), especially in
mathematics (NMAP, 2008). Furthermore, the perspecf the homeschool student is
limited in research (Ortiz, 2000; van Schalkwykl12Pand the perspective of the
mathematically proficient student was underrepreskim the literature (Schoenfeld,
2007). This research seeks to fill the void in thaseas. Case studies can be used to
develop possible explanations for a phenomenon,(Gall & Borg, 2003). The purpose
of this multiple case study is to explain how mathécally proficient homeschool

graduates became proficient, from their perspective
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CHAPTER TWO: LITERATURE REVIEW
Introduction

Case study research needs a general strategyigbiastata analysis (Yin, 2009).
A review of the homeschooling literature sets ttagas for explaining the environment of
the homeschool and the potential acquisition ohe@atical proficiency in some
homeschool graduates. The use of theoretical amceptual frameworks provides
researchers a basis for explanation building. Thesdrameworks provide a basis for
analyzing the acquired mathematical proficiencigsomeschool graduates. The
theoretical serves as a lens for the homeschoalemaent and the conceptual model
sets the standard for assessing mathematical jgmodiz

Theoretical Framework

By definition, the organic environment of homesdhapis the home. The
location of this schooling seems inherently fittiog positive human development and
ultimately has educational value. A theoreticabelof the effects of the structural
environment is attributed to the developmental psiagist, Urie Bronfenbrenner. This
model seems to fit the naturalistic setting of hadacation.

Bronfenbrenner (1999) proposed that human devetoptakes place in proximal
processes,

Especially in its early phases, and to a grearexhroughout the life course,

human development takes place through procesgee@gfessively more complex

reciprocal interaction between an active, evolbrgpsychological human

organism and the persons, objects, and symbols immediate external

environment. To be effective, the interaction macgtur on a fairly regular basis
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over extended periods of time. (p.5)

Bronfenbrenner (1999, 2000) used recurring parbibd-@and child-child activities as
examples of these types of interactions. Bronfemie (1979) identified the powerful
relationships of primary dyads, in which two peojaiened an influential bond that
exists even when they are not in the same se@irenfenbrenner (1979) asserted that a
“child is more likely to acquire skills, knowledgand values from a person with whom a
primary dyad has been established than from oneextsts for that child only when

both are actually present in the same setting58). Home educators have had the
opportunity to form primary dyads with their stutiersetting up the optimal
environment for their children’s human development.

In related research, older children living withtlbbiological parents, on the
average, earned the highest grade point averagk)(B&n those students in single
parent, mother homes or single-parent mother apfather homes (Bronfenbrenner,
2000). This finding appeared in homeschoolingaege Planty et al. (2009), Ray
(2010), and Rudner (1999) found that married parksat most homeschooling families
in their sample populations (89.4%, 97.9%, and %/ i2spectively) and that variable
correlated significantly with high-standardizedt tesores (Ray, 2010; Rudner, 1999).
Importance of the home environment may be the &elge apparent success of
homeschoolers. Results from available homeschodbtergture indicate that
achievement and socialization of homeschool stisd@atched or exceeded that of
conventionally schooled students (Blok, 2004; KdcR004; Morgan, 1991; Ray, 2000,
2004, 2010; Rudner, 1999; Shepherd, 2010; Shyeé2)1

Along with the idea of proximal practices, Bronbeenner (1999, 2000)

purported a second, corresponding proposition. pEmson’s characteristics, the
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environment (immediate and distant), the persomerging qualities, and the social
continuities of historical change over time shapathan development. He labeled the
most familiar, common environment, a microsystena ealled increasingly distant
environments, mesosystems, exosystems, and matmwsyshe basis for the original
ecological theory of human development (Bronfenbeen1979). Later, he added a time
element, the chronosystem (Bronfenbrenner, 199dmes$chooling takes place in the
microsystem (home) of the educator and studenk &dtensions to the mesosystems
where extra-curricular activities do occur.

The microsystem involved social roles, interactoth physical things,
interpersonal relationships, and the pattern o¥iéiets experienced by the developing
individual’'s immediate surroundings (Bronfenbrenri&94). Family, school, peer group,
and workplace were examples of microsystems. Pralqomocesses, increasingly more
complex recurring types of interaction with the ieufrate environment (people or
objects), activated and sustained the person’slolevent. In the home, proximal
processes were witnessed in “parent-child and ahitdl activities, group or solitary
play, reading, learning new skills, studying, atilclactivities, and performing complex
tasks” (Bronfenbrenner, 1994, p. 38).

Homeschooling involves all these activities. Sihoeneschooling depends
heavily on the family and the home environmentt Hedting is a significant microsystem
of the homeschooled child. Relevant research omibeosystems has centered on the
family, not with other important developmental sifions like classrooms and schools
(Bronfenbrenner, 1994). Studying the homeschoal¢ne context where family life and

schooling is an overlapping microsystem would pdevilevelopmental information.
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Bronfenbrenner (1994) classified the mesosystefthadinkages and processes
taking place between two or more settings contgitine developing person” (p. 40). For
example, these are the relations between the otassand home, or the workplace and
school. It is a system of microsystems. Withinhlbeneschool community, the
mesosystem involves the interaction of the homeslelochild’s home environment with
the other supplemental settings such as commueiitycg, athletics, music lessons, co-
operative classes, and homeschooling social eveEngshomeschooler is actively
involved within each these settings, unlike thesystem.

An exosystem involves the connection between twomare environments, where
at least one of the settings does not contain ¢leldping person (Bronfenbrenner,
1994). The events of that setting (or settingsdly influence the environment
containing the developing individual. Specificalijree exosystems that affect child
development are the parent’s workplace, the fasggcial networks, and neighborhood
and community happenings. Within the homeschoolmanity, most families have one
full-time working parent (Planty et al., 2009; R2@10; Rudner, 1999), have regular
contact with other homeschooling families (Bashaml.e 2007), and participate
frequently in extracurricular and community aciest (Basham et al., 2007; Ray, 2004).
An interrelated collection of micro, meso, and gibsms are considered a macrosystem.

Bronfenbrenner (1994) envisioned a macrosystena ascietal blueprint for a
particular culture or subculture” (p. 40). It castsiof an embedded pattern of the micro,
meso, and exosystems defined by the belief systenaes of knowledge, material
resources, customs, life-styles, opportunity sted, hazards, and life course options.
Identification of particular social and psycholagieatures at the macrosystem level

shed light on the microsystem. The society thatosunds an individual—their
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community, state, country, and prevailing beliedteyns of a government—is considered
a macrosystem. Possible homeschooling macrosysteinsle a local homeschooling
support group (also possibly a mesosystem), a hdmesaccountability organization,
Home School Legal Defense Association (HSLDA), aatheschoolers within a
geographic location. Beyond the physical locatioagtionships, and experiences of the
four systems, the chronosystem, evolved in Bronkemier’s (1994) theory.

This fifth system, the chronosystem, was comprifealthird dimension
incorporating time into the ecological model. Theanosystem involved the
chronological growth in the developing human, Ihet thanges that took places in the
environment of the individual (e.g., family structufamily income, location of
residence, historical events as they directly directly impacted the person, such as
wars, changes in government, natural disasters) imetuded in this system as well.
Longitudinal research would be necessary to adetyuigicorporate this element.

Bronfenbrenner (1999) updated his earlier theoth wifour-part structure
labeled PPCT (process, person, context, time). Mioise developed model, labeled the
bio-ecological model, incorporated PPCT as varmbleudge, Mokrvoa, Hatfield and
Karnik (2009) purported that proper implementawdiBronfenbrenner’s (1999) mature
theory need to focus on proximal processes anBBET variables. Proximal processes
linked person and context. The process was thatwdould explain the connection
between the context, or some aspect of the peesgn being homeschooled), and an
outcome of interest (e.g., acquisition of matheoa@fproficiency).

Recent research has utilized Bronfenbrenner eczdbgnd PPCT models in
educational settings (Esmonde, 2009; Porter, Cayitiyr& Snelgar, 2006; Seginer, 2006,

van Schalkwyk & Bouwer, 2011). Using the ecologyd@lp Esmonde (2009) analyzed
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equity in mathematical cooperative learning. Vahebovyk and Bouwer (2011)
conducted case studies with homeschoolers usingctiiegical model. Porter et al.,
(2006) examined college students in statisticsselasvith the PPCT model. Seginer
(2006) used the ecological model in a compreherigarature review of parental
involvement, with recommendations for the use eff*CT model with children.

Esmonde (2009) used ecological theory to studytegquimathematical
cooperative learning. The equity was studied ihtlgf social ecology: (a) the activity;
(b) the resources; (c) the patterned interacti@baéen people; and (d) the emergent
goals. The four focal points of the study includ@g:the learning through participation;
(b) the learning in relation to the social ecolop);the learning through the process of
identity development; and (d) the learning throeglmmunication about mathematical
content. The ecological approach emphasized theralrelationships of the student to
the home, community, and school practices and haffdcted the cooperative groups.
Esmonde (2009) illustrated how the social ecoldgyne classroom supported
interactions that resulted in learning outcomes.

Utilizing the bio-ecological theory with homeschiogl families, Van Schalkwyk
and Bouwer (2011) investigated the homeschool é&aparticipation and perceptions
with respect to their homeschooling environmenve$a interviews were conducted
with the homeschooling parents and their child. fifierosystem of the child appeared to
be driven by the mother’s discourses and goalsa@aorsystem influence. The
mesosystem, consisting of the home and the homekghorosystems, seemed to be
isolated from the much of the outside world, wiike £xception of a very restricted
involvement with their church circle. The fathedemanding work schedule, along with

a desire to be with other children—exosystems ¢octhild—produced stress in the
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homeschool student, who missed time with her fadherwanted to spend more time
with peers. Results showed a radical disharmorstexkat the chronosystem level, the
perceived academic and socialization needs ofdbkescent were not being met.

Porter et al. (2006) used the PPCT model to ingatiand create effective
strategies for teaching statistics to their divieedistudent body. The PPCT framework
situated the students at the center of a set dbgical subsystems. The researchers
examined students in Westminster College statistasses in terms of their previous
experience, expectations, anxiety levels, acadartegration and social integration.

The microsystem included the activities, rolesgripérsonal relations experienced by the
developing person. The mesosystem involved tlegantions between the microsystems
of the student and the exosystem, which is comgiadendirect effects of the
microsystems of other individuals. The macrosystems the distance environmental
influences, such as government policy, that invatedstudent’s life. These systems
pointed to the complex interactions the studenpeegnced. Porter et al. (2006) targeted
the microsystems of the students to discover winatidvsupport them in their statistics
classes through interventions reducing potent@iypeting mesosystem activity.

In a literature review of Israeli parental involvem, Seginer (2006) used the
ecological model terminology to identify and debereach of the four systems. Within
the microsystem, Seginer (2006) studied the honseddparental involvement
(motivation and support of school learning), theeadion-relevant family environment,
the family structure (single or two parent famijiesd family size, and the physical
aspects of the home learning environment. Mesesystudy focused on the school-
based parental involvement, parent-teacher interacnd the factors affecting school-

based involvement. The parents’ social networkskplaces, neighborhoods, and the
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legislation and policymaking contributed to the gysiem study. The macrosystem was
classified as the immigrant and the minority grouigse parental involvement in
immigrant or minority groups, as well as their bEBystems, was studied. Seginer (2006)
recommended that future research use Bronfenbrenidi®99) PPCT model as a
framework to study the individual child within tparent involvement research.

Seginer (2006) proposed that three important, hdetinvestigated, issues be
studied with the Process-Person-Context-Time mddedse issues related to
interpersonal relationships (proximal processaspt®nal characteristics (person), and
social/historical across-time events (time). Wiekpect to parental involvement research,
they situate three questions: (a) the effect dticdmd parent characteristics (person
variables) and parent-child, parent-parent, andmgasystem (process variables) as they
relate to parental involvement and the child (pensariables) and the educational results;
(b) the effect of person and process variabledenink between parental involvement
and educational results; and (c) do these conmectidfer by social and historical events
(time variable) and ethnic groups (context variaple

The PPCT model provides an effective frameworknalyze the homeschool
environment. Mathematics curriculum, instructionl &xperiences (the parent-child
interactions) comprise the process component. €ngop variables involve the
characteristics, perceptions and feelings of thedszhoolers, educator and child, toward
mathematics. Environments in which mathematics wammuntered make up the
Context factor. The time spent on mathematicavaes and the changes that took place
over the years describe the time element.

Bronfenbrenner’s (1979, 1999, 2000) ecological BRECT models provide a

framework for researchers to analyze environmehtie'eeloping individuals. These
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models give representations to varying systemsthigaindividual participates in and is
influenced by. Viewing an environment (completéhwphysical items, experiences,
relationships, and interactions) through an ecaolaigens provides a concrete way to
explain how these environments affect a developidiyidual. Since the home
environment is fundamental to the practice of harhesling, Bronfenbrenner’s (1979,
1999, 2000) ecological and PPCT models are ap@tepior its evaluation. Focusing on
the proximal processes, the connection betweendhext of the homeschool graduate
(being homeschooled) and the outcome of intereath{@amatical proficiency)
necessitates a model that can examine many cottgifactors, simultaneously. The
ecological model can explain the interrelated \@désa of the homeschool: the
relationships of its members, the curriculum anplegiences of the homeschooled
individual, the motivations of the parent educatord the attitudes of both the
developing homeschooling student and the home éalucihe PPCT model relates how
these specific variables affect the developingvimidials’ environment. It provides a
platform for dissecting and connecting the varyeogplexities of the homeschool
environment and relating that to mathematical preficy in homeschool students.

Conceptual Framework

Mathematical proficiency was examined through #reslof the Five Strands of
Mathematical Proficiency (Kilpatrick et al., 200The NRC commissioned the 18-
month study that produced this model. This modslideen utilized in K-12 and college
research settings (Ball, 2003; Kinnari, 2010; Scifeld, 2007; Suh, 2010).

Five Strands of Mathematical Proficiency
For the purposes of this study, a five-strand cphed framework defined

mathematical proficiency. The five components idelu(a) conceptual understanding;
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(b) procedural fluency; (c) strategic competendgafaptive reasoning; and (e)
productive disposition (Kilpatrick et al., 2001)alB(2003) recognized that these five
strands are appropriate to use as a foundaticaaleiwork to conduct mathematic study
with students. Kilpatrick et al. (2001) claim thile “best source of information about
student performance in the United States ishe National Assessment of Educational
Progress (NAEP), a regular assessment of studamg/ledge and skills in the school
subjects” (p. 136). Three of the five strands areatly evaluated by the NAEP tests, one
is indirectly tested, and the last is addressed bgparate NAEP student questionnaire.
Schoenfeld (2007) referred to the NAEP tests as fihtion’s report card” (p. 3) and
stated it “provides some ‘benchmarking’ of Americandent performance” (p. 280).
NAEP results show groups of students as Below B&sisic, Proficient, and Advanced
(NAEP website). A shortened grade mathematics sample test from NAEP’s website
served as a benchmark to assess homeschooled gssdadhis study.

The theoretical framework acts as a funnel (Arglgt2006) for the homeschool
environment: attitudes, instructional practicefatrenships, and physical surroundings.
Bronfenbrenner’s (1984, 1999, 2000) ecological BRCT models served as the
theoretical framework. NRC's five strands of maiag¢ical proficiency (Kilpatrick et al.,
2001) served as the conceptual framework. Thesdramoeworks provided the basis to
understand and explain how the homeschool grasonakes meaning of their
mathematical proficiency and their homeschool matktéecs environment.

Review of the Literature

To examine acquired mathematical proficiency imbhschooling graduates

requires knowledge of contributing factors. Fiest,examination of mathematical

proficiency and its assessment, as well as an atadeting of mathematical self-efficacy
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is necessary. Then, homeschooling origins, dembgrspmotivations, instructional
methods, curriculum, academic achievements, amhrels complexities were discussed.
Describing Mathematical Proficiency

Mathematics proficiency is critical to American apkendence and leadership in
mathematics (National Mathematics Advisory Pan@NP], 2008). It is also critical to
individual citizens because it provides them calegd career opportunities and
increases income potential. Currently, quantiemtemparisons with other countries
demonstrate our mediocre level of mathematicalemagment. On our national report
card, the National Assessment of Educational PesgiidAEP), in Grade 8, 32% of
students scored at proficient levels, and in G&]e23% were ranked proficient. This
finding correlates with the growing demand for relmémathematics education in
colleges and universities throughout America (BaRonton, 2005; NMAP, 2008) and
the lack of preparedness of freshman for collegtemaatics (Corbishley & Truxaw,
2010; Kinnari, 2010). To stay globally competitiveathematics education must explore
methods that graduate mathematically proficierdestds.

Mathematical proficiency is a complicated concepbiving precision, stages,
and problem solving. Milgram (2007) suggestede ‘tlest we can do is to discuss the
most important characteristics of mathematics’33). These characteristics included
precise definitions of terms, operations, and prijg® as well as posing and solving
well-defined problems in a single situation. Indivals need to perfect skills at the
different stages of arithmetic (Arithmetic) and @hstion (Algebra). Milgram (2007)
purported that students use both verbal and noal/erbthods in their brains to solve
problems. Skill and automaticity with numbers deped the verbal mechanisms which

faciliatates the nonverbal problem solving abilitvilgram (2007) stated “students must
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practice with numbers. They must add them untildaddition is automatic. The same
for subtraction and multiplication. They must preetuntil these operations are
automatic . . . to facilitate the nonverbal proesssf problem solving” (p.48). In addition
to competent number skills, abstraction is needdte study of algebra provides practice
with problems and symbolic manipulation, increasabgtract reasoning. This thinking
facilitates abstraction, exploring and working tingb a situation so that the nonverbal
mechanisms in the brain can determine the majarsfot the problem (Milgram, 2007).
Problem solving entailed “solving a problem whédre answer is not immediate and
requires a novel answer from the student” (Milgra@07, p. 33).

Schoenfeld (2007) stated that mathematically pierficpeople have mathematical
knowledge, as well as the capacity to use that keabye in appropriate circumstances.
He purported, “Good problem solvers are flexibld asourceful” (Schoenfeld, 2007, p.
59). They stuck with the problem until it was ssdy drawing upon a diverse array of
methods. If one strategy didn’t work, others wargkyed until a justifiable solution
obtained. The mathematically proficient persistden others would quit. Mathematics
was not just viewed as a noun (a structured bodyowledge) but also a verb, the
solving problems and proving theorems by mathenaaisc Schoenfeld (2007)
recommended research that uses extensive interwétvboth the students and the
teachers to understand their levels of mathematicdiciency

The NRC commission concluded that, “mathematicafipiency cannot be
characterized as simply present or absent” (Kiipatt al., 2001, p. 135). Each
significant concept had the potential to be undediat many levels and in varying

ways. Time was needed to attain proficiency. Rrgéal periods of time devoted to
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solving problems, reasoning, expanding understanpdeflecting, practicing, and
forming connections with old and new mathematicaedwledge was required.
Assessing Mathematical Proficiency

Mathematical assessments are diverse, dependitigeareeds of the stakeholders
(Antigue, 2007). These evaluations embody deegly imathematical beliefs. Schoenfeld
(2007) stated, “What You Test is What You Get WYTNM®&’ (p. 12). Mathematicians
want to judge students’ understanding of mathemmatentral ideas. Mathematics
educators believe a broad spectrum of content eoepses, as put forth by the National
Council of Teachers of Mathematics (NCTM) and tHeQ\ are primary. Parents desire
to know their children’s standing with others ahd areas they need to improve.
Professional development and administrators asgessteachers need to do better to
understand student knowledge and needs. Teachsistams and procedures that help
them diagnose and remediate students (Antigue,; Zxhbenfeld, 2007). The
government and policy makers want a general statissnapshot of its students’ progress
(or lack of it) based on representative samplésdeéhts need to realize what they do and
don’t know (Schoenfeld, 2007). Finally, publishargl policy makers need to address
rigorous constraints: reliability, construct vatidipredictive validity, and liability.
Schoenfeld (2007) warned that one size assessrmestt fit all; most likely does not
fit any group. Despite its limitations, “assessmienmtecessary to the life of educational
systems, to the point that any form of knowledgécWiis not assessed or cannot be
assessed lacks legitimacy” (Antigue, 2007, p. 298).

NCTM (2000) addressed the improvement of studentghematical thinking.
Universally enriching mathematical understandinty advance overall learner

achievement. Based on best practices researchiVNE000) purported an ambitious
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vision for mathematics education, “Achieving itg§yn] requires solid mathematics
curricula, competent and knowledgeable teachersaahadntegrate instruction with
assessment, education policies that enhance apdrsigarning, classrooms with ready
access to technology, and a commitment to bothtyegqud excellence” (NCTM, 2000, p.
3). Six general principles guided the construcbbthriving classroom environments:
equity, curriculum, teaching, learning, assessnard,technology. All students
regardless of ethnic background or ability deseeauity; this involved accommodating
differences to help everyone learn mathematics.

NCTM (2000) standards involved content and prac8$se content standards
(i.e., number and operations, algebra, geometrgsorement, and data analysis and
probability) intersected with the process standéirds problem solving, reasoning and
proof, communication, connections, and represemtathroughout the prekindergarten
to twelfth grades. Intensity of these mathemastiands varied in individual grades.
However, mathematical maturity developed by angualilding upon these topics.
Effectual instruction enabled all students to edgyere the interconnectivity of the topics
intertwined in all grades, culminating in a wellirmed comprehension of the
mathematical topics by the end of the high schealy. In the ninth through twelfth
grades, high school students needed to focus omdine sophisticated topics of functions
and relations, invariance, and transformation; jngghe reasonableness of their answers
and other materials (e.g., graphs, statistics)avatical life skill (NCTM, 2000). A
high degree of quantitative literacy and mathemadtioowledge equipped students “for
citizenship, work, and further study” (NCTM, 20(®,289). This proficiency provided
students “with the disposition, knowledge, andtsetyges to deal with the new challenges

they will encounter” (NCTM, 2000, p. 334).
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Schoenfeld (2007) discussed four aspects in asgpissEthematical proficiency.
The first was mathematical knowledge. This knogked/as not merely stored but
connected and structured for appropriate retriaadl application, learning with
understanding versus rote memorization (Kilpatathl., 2001). Secondly, the
individual must have had the ability to employ devh-solving strategies (Schoenfeld,
2007). Thirdly, the individual must have been ablénk what they know to the problem
being solved. Fourthly, the mathematical beliefd tamperaments of character, tenacity,
and persistence were critical to mathematical praficy.

Moving beyond the straightforward, multiple-chofoemat, New York City and
California instituted extended multiple choice amekn-ended questions in their
assessments. In New York City, students were requo solve problems and provide
explanations for their answers (Taleporos, 200§ CTalifornia Learning Assessment
System (CLAS) incorporated extended multiple-chaiod constructed response type
problems, with traditional questions, to assessribee demanding curricular aims that
the traditional items could not appropriately apgegStage, 2007). Unfortunately, CLAS
was abandoned due to political and procedural sssue

In 2001, NRC study proposed a five-strand modepfomoting and evaluating
mathematical proficiency (Kilpatrick et al., 200These components included
procedural proficiency, but went beyond that liditkefinition to include rich conceptual
understanding, problem solving of novel situatiaglaining and justifying their
procedures, and positive attitudes towards mathesnand their mathematical ability.
This model has been utilized across many graddsleivem elementary to college
(Kinnari, 2010; Sabey, 2009; Suh, 2007). Yet, teearch does not include

homeschooling students.
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Kilpatrick et al. (2001) presented a frameworkdssessing mathematical
proficiency. The five interdependent strands interéd like a rope to illustrate a strong
relationship: (a) conceptual understanding — unidedsng concepts, operations, and
relations; (b) procedural fluency — using appraerigrocedures with accuracy and
flexibility; (c) strategic competence — precisehdasymbolically representing and
solving problems; (d) adaptive reasoning — thinkowjcally, reflectively and justifying
the solution process; and (e) productive dispasiigerceiving mathematics as a useful
tool, together with a self-confidence in their neatfatical ability. The core issue was one
of addressing all the strands for completenesdatahce, because of the
interconnectedness and interdependency of thetigonents, (Ball, 2003).

Students with conceptual understanding possessegrated grasp of
mathematical ideas (Kilpatrick et al, 2001). Knog/more than isolated facts and
procedures, they appreciate why a mathematicalepang useful. They organize their
mathematical knowledge, enabling them to learn oemcepts by connecting them to
those already learned. Students with conceptuanstehding are able to “represent
mathematical situations in different ways and kmayhow different representations can
be useful for different purposes” (Kilpatrick et,&001, p. 119).

Procedural fluency involves both the skillful kn@dbe of procedures and the
how and when to use them (Kilpatrick et al, 200h)is fluency is demonstrated by using
appropriate procedures accurately, efficiently, fexibly. Estimation is also necessary.
These skills need to be perfected with well-timeacpce to facilitate the other strands.

Strategic competence refers to the ability to ustded a problem, represent it,
and then solve it (Kilpatrick et al., 2001). Thessimilar to problem solving in the

research literature. Mathematically proficient €ni$ construct a mental image of the
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problem’s essential components and then generafgresentation ignoring extraneous
elements. Equations or other representationssae 1o work through to the solution.

Adaptive reasoning involves thinking logically abde relationships between
concepts and situations (Kilpatrick et al., 2001)is reasoning stems from careful
considerations of alternative solution methods.Hdatatically proficient students
repeatedly justify their answers in a deductive neanJustifying and explaining their
processes facilitates clear reasoning and improeeseptual understanding.

The tendency to view mathematics as useful andhwrite is referred to as
productive disposition (Kilpatrick et al., 2001 }u8lents with high productive disposition
believe that mathematics is understandable andrbdtary. They perceive that they are
effective learners and doers of mathematics. Witingh motivational level, they
demonstrate persistence in their approach to pdsyf problems.

The NRC committee formulated this five-part mathtoad proficiency model
based on grades K-8 mathematical research (Kighagtial., 2001). Although the 2001
NRC report focused on number, the authors mainddinat the five strands apply well to
other areas of mathematics, such as geometry, mesasnt, probability, and statistics.
Conceptual understanding applied to a broad rahgethematical ideas. Procedural
fluency applied to skill in strategies involvingagles, space, probabilities, and data
description. Strategic competence incorporateahkilgy to analyze, represent, and solve
problems in number, algebra, geometry, measurempstiability, and statistics.
Adaptive reasoning, thinking logically about matlaital relationships, and productive
disposition, seeing mathematics as worthwhile aseful, applied to every mathematics
domain, not just number. Kilpatrick et al. (200&Jibved, “the strands of proficiency are

interwoven across domains of mathematics in sughyathat conceptual understanding
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in one domain, say geometry, support conceptuatnstahding in another, say number”
(p. 142). Researchers have used the five straadgefvork in higher education and
teacher development (Kinnari, 2010; Sabey, 2009).

Kinnari (2010) studied the mathematical proficiedyirst year engineering
students at Tampere University of Applied Sciend@sMK). TAMK had designed a
diagnostic procedure based on the NRC'’s five sgaianathematical proficiency
framework. The students took a 20 multiple questioiine survey based on three of the
strands: (a) conceptual understanding; (b) pro@duwency; and (c) strategic
competence. Kinnari (2010) found that the studeotsed from 8.1 to 18.3 points (out of
40), with a mean score of 13.8, representing afgignt lack of mathematical literacy.

The National Assessment of Education Progress (NA€€bnsidered to be the
Nation’s Report Card (NMAP, 2008; Schoenfeld, 200Mhjtiated in 1973, this
assessment was designed to measure U.S. studexteanknt (National Assessment
Governing Board [NAGB], 2008). Twelve different asein the language arts, arts,
science, social science, and mathematics subjecévaluated.

The mathematical section of the NAEP has a comgistesign that measures
achievement for long-term trends, evaluated irfoieth, eighth, and 2grade years
(NAGB, 2008). It measures what students know arddon. Three achievement levels
are reported: (a) Basic — partial mastery of gitadel knowledge and skills; (b)
Proficient — competency in grade level subject erdéhowledge, real world application
of that knowledge, and appropriate grade levehditagkills; and (c) Advanced —
superior performance in grade level knowledge, weald application, and analytic skills
(NAGB, 2008). Mathematical knowledge is evaluateth respect to mathematical

complexity and five content areas: (a) number gretations; (b) measurement; (c)
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geometry; (d) data analysis, statistics, and prtibgland (e) algebra, mirroring the
content areas named by the NCTM (2000). Both plelichoice and open-ended items
are included in the NAEP (NAGB, 2008). At thé"@rade level, the NAEP combines
the measurement and geometry areas into one cattantl. The balance of content for
Grade 12 test items includes: number and operatidi¥®o; measurement and geometry
— 30%; data analysis, statistics, and probabilids%; and algebra — 35%.

NAEP assessments have been continually evaluated@tated by a
comprehensive national process involving mathenaais; educators, and the general
public since they were first introduced (Nationa&n@er for Education Statistics [NCES],
2009). The NRC 2001 report linked the NAEP framewweith three of the NRC'’s five
strands of mathematical proficiency componentsreeptual understanding, procedural
knowledge, and problem solving (Kilpatrick et &001). The NCES website provided
2009 NAEP test items through the NAEP Questionbwach required student
explanations and justifications as part of the arswWNCES, 2009). This added feature
provided for the fourth strand of the NRC mathegstproficiency model — adaptive
reasoning (Kilpatrick et al., 2001). The Natioivdthematics Advisory Board (2008)
referred to the statistics generated by the NAE&vasistent with the research showing
the growing need for remedial mathematics educatiawo and four year colleges.
Using the NRC'’s five strands of mathematical prieficy framework, Sabey (2009)
selected certain geometry NAEP test items to etaliie mathematical proficiency of
pre-service teachers enrolled in a middle schodhematics methods education course.

Sabey (2009) studied 15 secondary pre-service mmatihes teachers using the
NRC'’s five-strand framework and NAEP geometry iteifise NAEP assessment divided

the subjects into three distinct groupings. Thnerigs of participants emerged: (a) three
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members in the low proficiency collection; (b) nimembers in the middle proficiency
cluster; and (c) three members in the high praficyeset. Interviewed participants in the
low set showed lack of proficiency in all five stos, while interviewed participants in
the high set demonstrated proficiency in all firasds. An interviewed middle group
participant shared more closely the proficiencyhef high group subjects.

NAEP assessments corresponded with the NRC fiamdtiramework (Kilpatrick
et al., 2001). NAEP items focused on the matheraladililities of conceptual
understanding, procedural knowledge and problenirgp(strategic competence), and
includes other measurement of reasoning (adap&soning), connections and
communication (Kilpatrick et al., 2001; NAGB, 2008Jthough the NAEP assessments
were not designed to correlate with the five-straratiel, they provided useful
information about the strands (Kilpatrick et aD02).

NAEP provided a longitudinal picture of studentiaglement. Procedural fluency
has steadily increased over the years from 1973-I8% same assessments also
suggested a weak conceptual understanding abouiersystem properties. NAEP
results indicated a deficit in problem solving. "@oNAEP items required logical
thinking in novel types of situations (adaptiveseaing) and student performance on this
component (both in simple number facts and moreptexndeas) was lower than the
corresponding procedural fluency level. NAEP aldmmistered a student survey that
measures students’ general and educational baakdgpsomewhat analogous to
productive disposition. The 2009 NAEP assessmamttawed four types of questions: (a)
multiple-choice; (b) short constructed-responsggeitended constructed-response; and

(d) scoring constructed response (NAGB, 2009).
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The NAEP website has available problems to downémadrding to level of
difficulty. There are three sample tests (one daclsrade 4, Grade 7, and Grade 12)
with 10 items that evaluates a test-taker with lebé&Below Basic, Basic, Proficient, and
Advanced. Since the NAEP assessments are closghedlwith the NRC five-strand
framework (Kilpatrick et al., 2001), the Grade Hiple test and corresponding student
survey is an appropriate benchmark device to quiaktl informally ascertain whether a
high school senior is potentially mathematicallgfamient. Further one-on-one
guestioning can expound on that judgment by hasindents explain their procedures
and answer the most profound assessment “Whatulthyak” (Stage, 2007, p 361).

Existing mathematical proficiency research illustsathe need for purposeful and
innovative teaching that facilitates mathematiearhing beyond computational and
procedural fluency. NCTM (2000) has set 10 congemt process standards to guide
mathematical instruction. Kilpatrick et al., (20019s provided a five-strand model by
which educators can formulate mathematical cumicuind instruction and then
evaluate the student proficiency. NAEP assessnagataligned with the NCTM
standards and the NRC model.

Self-Efficacy

Bandura (1994) defined self-efficacy as individubkdiefs about their own
capabilities to generate performance outcomes,wihftuence significant events in their
lives. Persons with a strong sense of self-efficaewed difficult tasks as challenges
rather than threats and persisted in their efibetpite setbacks; they thought, motivated,
felt, and behaved differently than those with |leif-gfficacy. Individuals with a robust
sense of efficacy visualized success scenariogmpiioyed good analytic thinking.

They motivated themselves with higher goals ancewalling to put greater effort into
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tasks, for longer lengths of time despite failuréfie stronger the sense of self-efficacy,
the more control a person exerted over stressarsemmsts anxiety and avoidance
behavior. Strong self-efficacy influenced the desipeople made, developing the
competencies, interests, and social networks gtabkshed their life direction.

Bandura (1994) described four sources of self-a€fyc (a) mastery experiences;
(b) vicarious social models; (c) social persuasend (d) reduction of negative stress
reactions. Mastery experiences were the mostantlal factor, developing from
meaningful successes despite adversity. Homesetsoptovided mastery experiences in
their instruction (Bannier, 2007; Clements, 200Zighan, 1992, 1995, 1999, 2010;
Peterson, 2011; Ray, 2000, 2002). Observing simpéaple modeling successful skills
and strategies for handling difficulties strengtherlf-efficacy (Bandura, 1994). Home
educators have fought to obtain and retain thd t@mhomeschool legally in the United
States (Carper, 2000; Lyman, 1998; Tyler & Car@660). Homeschooling
parents/guardians made a great emotional, timephysical commitment, as well as
resource allocation, to educate their childrencahé (Hanna, 2011; Meighan, 1999,
2010; Ray, 2000, 2002; Thomas, 1998). The paiefiteenced their children in their
homeschooling dedication. Successful efficacydaurd verbally persuade others in their
capabilities and also structure situations thatgomeaningful success, avoiding placing
people prematurely in situations where they wijularly fail (Bandura, 1994).
Homeschoolers removed their children from schooblbse they were not in situations
that encouraged the students to succeed (Aror&, Zfllum, 2005; Duffy, 2002;
Duvall, Delaquadri, & Ward, 2004; Ensign, 2000; &re& Hoover-Dempsey, 2007;
McDowall et al., 2000; Morton, 2010; Planty et2009; Thomas, 1998; Wichers, 2001).

Individuals with strong self-efficacy viewed stressmotivating rather debilitating
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(Bandura, 1994). Their environment may shape geoRkeducing negative stress factors
and channeling emotional patterns helped indiveluadw stress as motivating rather
than debilitating. Parents chose to homeschoal thddren to protect them from
unhealthy stress in negative school environmentsrgd 2006; Collum, 2005; Duvall et
al., 2004; McDowell et al, 2000; Morton, 2010; Riaat al., 2009; Thomas, 1998).

Mathematical self-efficacy Applying self-efficacy to mathematical
achievement, research suggested that higher lealathematical self-efficacy
predicted higher levels of academic performanceat(€12010; Pajares & Miller, 1994,
Watts, 2011). Gender also affected mathematetbksficacy. Pajares and Miller
(1994) found that with equivalent prior experienten scored higher on both
mathematical self-efficacy and performance than elomYet, among those
professionals with high mathematical self-efficagygccessful men and women in
Science, Technology, Engineering, Mathematics (ST#bdations attributed their
strong self-efficacy to different factors (ZeldBrjtner, & Pajares, 2008). The women
participants claimed that role model vicarious epees and social persuasion
contributed to their success, while the interviewesh believed that mastery experiences
were foundational to their accomplishments. Mathteal self-efficacy may have had
different contributing sources dependent on gerid&restingly, Ray (2010) and Rudner
(1999) found that gender was not a contributingoiain the standardized academic
achievement of homeschooling students.

Among the instruments used to measure mathemagtfa¢fficacy, the
Mathematical Self-Efficacy Scale (MSES) has beemeal, standardized, and used
extensively in research (Betz & Hackett, 1993; Gadski, 1993; Clutts, 2010; Hall &

Ponton, 2005; Smith, 1993; Watts, 2009). The MSBS824 & Hackett, 1993), published
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by Mindgarden, Inc. is used to measure an indididuanfidence in their ability to
execute daily math tasks and solve mathematicdgars) and persistence in the process
of those tasks. The original MSES instrument haéetlsubscales: (a) mathematics
problems (18 items); (b) mathematics tasks (30s)eand (c) mathematics related
courses (27 items) — with a total of 75-items (Gadski, 1993; Smith, 1993). The 1993
version of the MSES (Betz & Hackett, 1993) was ertgr, more refined version with 34
items and two subscales: everyday math tasks, atil courses. Ciechalski (1993)
claimed that the MSES was easy to use, with detailgtructions and only took 15
minutes to administer. The 1983 MSES had highbgiig coefficients: 92 for Math
Courses; .96 for Math Problems; .92 for Math Tasks} .96 for Total scale. The
coefficient alpha was reported at .92, with the&elwinterval test-retest reliability
reported at .94. The 1993 instrument retainedvtth Tasks and the Math Courses
subscales, without updated validity coefficiengorted. The MSES was used to
compare the mathematical self-efficacy and mathiealgierformance of college
students (Clutts, 2010; Hall & Ponton, 2005; W&20)9). This theory-based instrument
made a significant contribution to mathematical-sficacy research (Smith, 1993).
Besides Peterson (2011), | have not found any homoeding research that utilized the
MSES or any other mathematical self-efficacy insteats.
Homeschooling

The home was the base camp of operation for hornelnfj. Ray (2000) stated
that homeschooling is parent-controlled or direched also may be student-directed,
taking place during conventional school hours amvemtional school days. The children
were between 5-17 years old, whose parents rdpart &s being schooled at home

where enrollment at a public or private school dogtsexceed 25 hours per week (Planty
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et al., 2009). West (2009) classified homeschoalisiiteaching one’s children at home
rather than entrusting their education to eithpulalic or private school” (p. 7).

History of home education Initially a private matter and the social stamtjar
home education was the norm in American colonigsd&arper, 2000; Glenn, 2005;
Hill, 2000; Nemer, 2002; Wilhelm & Firmin, 2009). ilWeim and Furman (2009) stated,
“Home school education has a rich history. Itnmhedded in America’s most early form
of education practice, with character educatiomdp@i central component” (p. 303). The
term ‘education’ was not mentioned in the Congttu{Basham, 2001; Holt, 2011). In
Plyler v. Doe (1982), the majority opinion stat&éublic education is not a ‘right’
granted to individuals by the Constitution (Brenn2@11, p. 183).

Later, as public or “common” schools became paptitey still clung to the
earlier spiritual values embodied in homeschoo{@grper, 2000). Many rural one-room
schools formed by communities were often religigwsfiliated, church-led, and private
(Hill, 2000; Wilhelm & Firmin, 2009). The public Bool movement gained much
momentum throughout mid to late 1800s, deviatiogfits spiritual roots to embrace
humanism and Darwinism (Carper, 2000; Nemer, 20@8jitutionalized schooling
progress culminated in 1917-1918 with Massachusettgpulsory education laws,
rendering most homeschooling illegal (Glenn, 200&mer, 2002).

The groundwork for a home education resurgenagnatied from Supreme Court
decisions outlawing Bible reading and prayer inljpudchools. In the 1960s, these
landmark rulings sparked a Christian school movenvenich eventually contributed to a
homeschooling revival (Carper, 2000; Wilhelm & FAnM2009). A Christian missionary,
Dr. Raymond Moore gathered a large following, idahg conservative, religious-right

families (Lyman, 1998). Starting in the 1970s, Moore endorsed an ideological
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Christian home education movement, which offeredramon message. Lyman (1998)
wrote, “The Moore’s advocate a firm but gentle agwh to home education that
balances study, chores, and work outside the horae atmosphere geared toward a
child’s particular developmental needs” (para. 19).

Concurrently, John Holt advocated academic freentotine 1970s. Disheartened
by the inflexibility of the public school systeng bromoted a liberal, leftist counter-
cultural educational agenda; a homeschooling extrdus governmental schools
followed (Basham, 2001; Lyman, 1998). These pedagegubscribed to Holt's
progressive education ideals. Holt (2011) beliewetthe learner’s right to control their
own learning: “Young people should have the rightantrol and direct their own
learning, that is, to decide what they want torleand when, where, how, how much,
how fast and with what help they want to learn(jit” 25).

Public appearances and court testimonies of HoltNoore reignited home
education. This reemergence started slowly in 8#4 and gained momentum in the
1980s and 1990s (Carper, 2000; Lyman, 1998). alhjtithe liberal left group
dominated. In the middle 1980s, the religious rigidtame the majority (Lyman, 1998).

Much legal wrangling occurred from the late 198(880s, culminating in more
legislation that favored home-based education (€agD00). Home School Legal
Defense Association (HSLDA) and Association for i€tein Schools International were
instrumental in the battle to legalize home edwecafWilhelm & Firmin, 2009). In 1993,
homeschooling became legally established in afit&@es (Wilhelm & Firmin, 2009).

Home education has experienced significant growites1970. Homeschooling
increased from about 15,000 participants in 1990000 in 1985 (Wilhelm & Firmin,

2009). In 1999, National Center for EducationalkiStizs (NCES) report estimated the
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number of homeschooled children at 850,000 (Plang}., 2009). Noteworthy increases
showed in subsequent NCES reports, 1.1 millior0@32 and 1.5 million in 2007 (Planty
et al., 2009). Home-educated learners comprisetbappately 2.9% of America’s
school-age population, a 74% relative increase theeB-year period from 1999-2007
(Planty et al., 2009). Currently, the number of lesghoolers was estimated at 2.04
million members (Ray, 2011). Ray (2011) consultastpesearch from U.S. Department
of Education, U.S. Census Bureau, data from 18 skapartments of education, surveys
of home-education groups, and information from fiagionwide, private companies that
serve home educators. Given the U.S. Census Besgamate of the current school-age
population, 54.117 million, Ray (2011) estimatedttB.8% of those children participate
in home-based education. The current home educatavement transformed from the
“extreme to the mainstream” (Basham, 2001, p. 3).

Demographics. Researchers attempted to categorize the diffeypestof
homeschoolers. Planty et al. (2009) found thabtre¥whelming majority of
homeschooling families contained two parents (89%lf; of those families had one
parent in the work force and one-third send twepts into the labor force. Caucasian
homeschoolers comprised three-fourths of the pdipulahome-educated African
American and Hispanic made up 4% and 10%, respgt{i?lanty et al., 2009). One-
third of the home educated households earned $7%0More (Planty et al., 2009). The
highest percentage of homeschooling parents (36poyted having some college or a
technical background (Planty et al., 2009). Moshblschool households (60%)
contained three or more children (Planty et alQ@0Rudner (1999) and Ray (2010)
reported similar male and female statistics: 50fdftale, 49.6% male; 50.3% male,

49.7% female.
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The homeschooling population encompassed manysdiveembers with a wide-
range of political, ideological, religious, and edtional convictions (Apple, 2007). This
non-homogenous movement cut across racial and lola@ss The largest subgroup of
home educators consisted of conservative, evamj€litristians. Inherently, these
diverse families shared a common mistrust of theddrdized schooling system.

Motivations for homeschooling educators.Researchers reported diverse
reasons for homeschooling. Stevens (2001) and ARpPIe7) called homeschooling a
social movement. Labeled ideologues, the largdsirewp of home educators claimed to
be fundamental, evangelical Christians who wargarémote their values and family
unity (Apple, 2007; Basham, 2001; Hanna, 2011; Lyni®98; Ray, 2010; Rudner,
1999). They worked collectively to preserve theéantity and beliefs. Pedagogues
generally adhered to John Holt’s theories of acadé&m®edom and resistance to lack of
individuality in conventional schooling (Basham 020 Lyman, 1998).

Hanna (2011) found homeschoolers’ motivation stay@tsistent over a 10-year
period. A longitudinal study was conducted fron®82008 and studied 250
homeschooling families in urban, rural, and subordanilies in Pennsylvania. Over the
years, these homeschoolers consistently (98.7%jifbel themselves as ideologues
(46.8%), pedagogues (24.6%), a combination of (26t¥%), or other (2.2%).

Academic and social concerns prompted participaiidhomeschooling (Planty
et al., 2009; Ray, 2010; Rudner, 1999; Thomas, 1998Dowell et al., (2000) found
that differing cultures cite varying reasons to leschool; specifically, African American
home educators wished to protect their students fre racism that pervaded public
schools. In a survey study of a homeschool chadieool, Collum (2005) found that the

participants loosely fit into four categories: iwat of public schools; attracted to charter
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schools; ideological reasons; and family and studeads, showing a more
heterogeneous and complex set of motivations. Hedhaeators of gifted learners and
children with special needs believed that uniquedsevere not met in the traditional
schools (Arora, 2006; Bannier, 2007; Duffy, 2002v8l et al., 2004; Ensign, 2000;
Planty et al., 2009; Thomas, 1998). Home-basedadotun provided the opportunity for
these special children to have the focused attemti@n educator (their parent/guardian)
committed to their well-being (Ray, 2000). Basedrderviews and observations,
Morton (2010) classified her participants in teroishe choice to homeschool: (a)
natural — rejecting false and restrictive strucueconventional schooling; (b) social —
wanting to promote their moral and social behayiansl (c) last resort — providing an
escape route and period of recovery for their cariddamaged by the schools. There was
a common thread of perceiving their children asviddals and the parents as experts on
them, as well as dissatisfaction with the tradiiloschools. Parents’ choices to
homeschool are becoming more complex (Goodman,)2008

Spiegler (2010) conducted a meta-analysis of X2dschool motivation studies.
Parents believed that home education enabled fajorrareas better than conventional
schooling. These areas involved: (a) curriculunadaenics, and educational approaches;
(b) values, moral instruction, and socializatiar);gafety and well-being of the student;
and (d) family unity. Motives differed with the thedology used and were shaped by
the perception of environmental benefits.

Homeschooling instruction Homeschooling instruction was not a replication o
conventional classrooms (Meighan, 1999; Pattersah,e2007; Thomas, 1998). Thomas
(1998) observed that each of the 100 families snshidy personalized their own

homeschool, ranging from unstructured curriculurthtwse with set curriculums and
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lessons. A large majority of the homeschoolers se&de combination of more
structured curriculum and less organized activifidgere was intensive and concentrated
instruction, due to individualized attention. Meagh(1999) labeled homeschooling as a
“Do It Yourself” educational method. Meighan (199999) observed 11 behaviors
which he classified as reasons for homeschoolaczess: (a) non-hostile environments;
(b) more efficient time usage; (c) purposive cosaépn, as opposed to crowd
instruction; (d) a catalogue curriculum approaeh);access of information-rich society at
will; (f) “plan, do, review” type of learning, magad by the learner; (g) social skill
development in the community (the real world); l@grning style adaptation; (i)
parents/guardians acting as learning agentsrgj}tiiand experience; and (k) natural
learning approaches. Home educators “either im&hit understand or figured out that
the traditional school structures were not effextivthe home school” (Patterson et al.,
2007, p. 82). Although not specifically named, @guld be reasonable to conclude that
these descriptions applied to mathematics instracti

Collum (2005) found strong consistency among sigaift determinants of
student achievement. Parent education and polditizhtion significantly affected
reading, writing, and math scores. Parents withémndevels of education and
conservative politics had children who scored bettestandardized tests. Results
suggested that teaching styles may have been muaeby these factors.

Richman et al., (1992) explored what mathematitstruction worked well in
home schooling. Home educator survey responses eeerelated with their
homeschooled students’ CTBS/4 standardized achiewetest scores. Results
suggested that the more parents corrected studehktamd attended math seminars

and/or presentations, the better the homeschastered on the tests. Non-significant
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variables included the number of hours spent weekigrmal lessons, parental
education level, and parents’ income. Intentiggaakntal instructional involvement
seemed to be a major factor in student achievement.

Cai, Reeve, and Robinson (2002) linked more cdirigpteaching styles to
motivations for homeschooling. Results showed télgiously oriented home educators
reported more controlling instructional techniqtiesn public school teachers or other
homeschoolers. The authors believed that this woalde a decrease in motivation for
the homeschool students, because they would baléssomous. These opinions were
not confirmed by Bannier’s (2007) findings that hesohoolers, regardless of religious
motivation, encouraged appropriate pacing and rabtig behavior in their children.

Bannier (2007) interviewed 11 homeschooling pa.e@bnsistent with the
homeschooling literature, several of the parerented homeschooling primarily for
religious reasons and others homeschooled primfarilthe opportunity to better educate
and motivate their children, according to theirf#ag styles. These parents shared their
instructional practice of mastery learning at aprapriate pace for their child. This
individualized approach included taking extra tiwih topics the student needed to
review and moving quickly when the student compyegeasped the content. These
home educators conducted frequent and varied ex@igao assess their students’
retention and the effectiveness of the curriculuna methods utilized. They believed
that immediate feedback promoted the continuedesteand engagement of their
children. Further research on homeschooling istyn, with respect to mastery and
learning styles, was needed to discover and repoeducational best practices.

Ortiz (2000) found a child-led non-structured matlagécal learning environment

in homeschooling families. He conducted cases assuofi two families with children
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from early elementary to middle school age. A seokeseparate interviews were
conducted with the parents and the students. Aisatyshese interviews showed a child-
led environment with little structured mathematicestruction, yet an environment rich
in practical mathematical application. Childremmoke to do what interested them. The
environment was social with many conversations anyrtopics, including math. A high
degree of mutual trust and respect existed in botheschools. No central source of
knowledge (like a teacher in a conventional clamsrowas found in either homeschool.
These homeschools utilized puzzles, brainteasedspieactical mathematics (e.qg.,
cooking, shopping), rather than a formal mathermsatwriculum.

Goodman (2008) surveyed and interviewed 16 colstgdents who had been
homeschooled. She investigated their pre-collegeitgcto discover the characteristics
of their learning, including the types of schoolitige curricula utilized, and classroom
experiences. During their homeschooling experiemast participants (14 out of 16) had
experienced co-op classes or tutoring in seleatbgests (e.g., mathematics, foreign
language, science labs). Two students had attesarachunity college classes while
homeschooling. Although each participant had aividualized experience, three
overarching patterns of homeschool environments@ade personal, familial, and
autonomous. The personal environment was descabete that showed competiveness
with the traditional school environment; the paremtved as a teacher or facilitator.
Formal grades and report cards were given to measirievement; generally, these
students experienced high participation rates tog®or other classes outside the home.
Familial homeschoolers’ activities revolved arodachily cooperation and needs. Less
formal feedback and accountability was found irséhamily-oriented homeschoolers.

Parents were leaders. Students, who were given freim@om and choices, were
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autonomous in their learning; their home educatoted as guides. Goodman (2008)
found that many of the homeschoolers fit into nmtben one group, requiring subgroups
of personal-autonomous and familial autonomousalise many of the homeschool
students were permitted more autonomy during tiight school years. Specific
disciplines, such as mathematics, were not disdusseetail.

In a multiple case study, Bachman (2011) investigidhe STEM instruction of
eight homeschooling families. These findings intkdathat younger children were taught
mathematics in an experiential method, with prattapplications and games. Older
children were taught algebra and geometry withiculrm materials. Overall,

Home-education mathematics learning activity setenevolve with child age and

experience. In this study parents more often jpiediyounger children with

mathematics embedded in life experiences and gaandsas the children became

older, they turned to curriculum for algebra andrgetry (Bachman, 2011, p.

363).

Conventional school advocates also studied theuictsonal practices of
homeschooling educators (Patterson et al., 200'4n leffort to better understand the
motivations of homeschoolers and how to encouragmtto enroll their children in the
public schools, a team of three college profesandsfour public school administrators
conducted a case study of rural Kansas homesclgd@imilies. Through interviews and
observations these researchers found home edutatoesmotivated and committed,
wanting the best for their students. They netwonkét other homeschool families to
capitalize on strengths. These educators attermlg@@drences and researched curricula
and instructional techniques. Their child-centgsgedagogy focused on curriculum and

resources that matched individual learning stylet) flexible structures and schedules.
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Most of the 10 families incorporated year-roundasdimg for maximum retention.

In another case study, Shepherd (2010) intervieamgldobserved three Indiana
homeschooling families. These homeschoolers tetalade traditional methods of
instruction and curriculum, with one family utiliig the classical (Trivium instruction —
grammar, logic, and rhetoric stages) method ofuletibn. Shepherd (2010) reported,

There was no overwhelmingly unique instructior@raach that dominated the

teaching or learning in the homeschool studiegadh it appeared that the

opposite was the case. Many public schools woyéttreote learning, extensive
memorization, and worksheet practice as outdat&ductional techniques or at
least as unreflective of current research-basetddoesational practice. Yet, these
apparently were the primary methods used by thle\iwed homeschooling

mothers (p. 100).

Reading and completing assignments took most oétigent’s time. Results showed
that all students tested at or above average olowee Test of Basic Skills (ITBS)
subtests and composite scores, including their enadltical scores. Despite the absence
of current best practices teaching, these stugmtermed well on standardized testing.

The longitudinal study by Hanna (2011) focusedhlenrhethods, materials and
curriculum of homeschooling education. Concerniombschool instructional practices,
a dramatic increase in the diversity of methodsrasdurces occurred in the 10-year time
frame. Overall, these 250 Pennsylvania familiesabee less dependent on district texts
and other resources. Two of the most significactiols studied were the increase in the
use of computer technology and the networking efgarent educators. Specifically, the
use of computers and Internet facilitated the paseiy of homeschooling resources,

communication with other homeschooling familiexess to legal advice, research on
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curricula, sources for instructional materials, antine courses for homeschool students.
Home educators connected with other homeschoddimglies to share teaching
expertise, materials, and private school facilité&dditionally, local religious groups and
churches provided religiously oriented resourcdsaimeschoolers. In 10 years, these
parents also attained higher levels of educati@anyrearning college degrees. These
home educators matured in instructional practicestheir own learning. They had kept
up with innovation and instructional practices, and

upgraded and diversified their choices of pedagogytheir modalities for

delivering instruction . . . choosing very specifiethods and carefully selected

materials for their children’s instruction and mast conducting their business on

a much larger stage than in the mid-1990s (Han®ibl,2p. 19).

Research demonstrated the varied types of instruthiat home educators utilize.
Styles ranged from traditional, structured, andti@liing (Cai et al., 2002; Martin-Chang
et al., 2001; Richman et al., 1992; Shepherd, 261 0¢xible and child centered
(Meighan, 1995, 1999; Ortiz, 2000; Thomas, 1998)mdschooling parents selected
curriculum based on learning styles, continuallgfgrened assessment of the curriculum
and the children’s learning, and sought out trajrand advice, through attending
conferences, online helps, and networking with olleeneschoolers (Bachman, 2011,
Bannier, 2007; Hanna, 2011; Patterson et al., 2B&hman et al., 1992). These
motivated parents were committed to doing the faggheir children (Bannier, 2007;
Patterson et al., 2007), staying current with iratmn and instructional practices and
creatively integrating mathematics into their ddives (Bachman, 2011; Ortiz, 2000).

Homeschool curriculum. Many different mathematic programs are availabie fo

the homeschooling market. They have different ersghalhey may refer to spiritual
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beliefs (labeled religious) or refrain from any rmen of religious activity (labeled
secular). Certain ones utilize manipulatives, wbileers are taught more abstractly.
Various texts extensively employ real-life probleam&l stress problem solving. Selected
programs are video-driven, others require the sitsdead and learn from the textbook.
Some curricula stress review. The following curiiican comprises those utilized by the
16 study participants. They include: Saxon, ABéKaalkdust, Teaching Textbooks,
Math-U-See, University of Chicago School Mathemsafcoject (USCMP), and Bob
Jones University Press (BJU).

A secular program, Saxon is used broadly in puplivate, and home schools.
More traditional and scripted in design, Saxondragrged as one of two top programs in
an experiment conducted for the U.S. DepartmeResiearch (Viadero, 2009). Concepts
are presented in smaller increments, and then gixtdy reviewed throughout the
textbook. Within each lesson, a few problems whih new concept are given, followed
by several review exercises incorporating previplesirned information. The focus of
this program involves mastery and cumulative revi$axon Math, 2012).

Promoting Christian values, ABeka provides tradisilbomathematics curriculum.
Published by Pensacola Christian College, theds ta® designed to teach students to
believe in absolutes, that mathematics laws aredoas God'’s creation. Biblical
references are found throughout the lessons. Thieebstresses basic life skills. (ABeka
Book, 2013). Besides textbooks, ABeka offers amoopl DVD program in which
instructors from their private school, ABeka Acadeiprovide direct teaching.

Houghton Mifflin Company publishes the Chalkdusignam. This program
consists of DVDs with direct teaching. The studéen completes exercises from the

accompanying textbook. A solutions manual with diggstep explanations is provided
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to check the answers. Reviews and tests are intl@dine and telephone help are
provided (Chalk Dust Company, 2011). Cathy Duffyjammends these independent
study math courses for homeschoolers, becausestitegnce conceptual understanding
with real world applications and word problems (uR012).

A homeschool dad and mathematics teacher, Steveridedeveloped Math-U-
See for homeschooling children. To meet the neédwlvidual students, this
curriculum utilizes manipulatives, an instructioD, and consumable textbooks.
Students learn abstract concepts concretely. Thiautghis K-12, skill-based, multi-
sensory program, students apply math conceptsaiy@ay life. Mastery learning is
emphasized (Math-U-See, 2013).

Teaching Textbooks is a computer-based programagtiompanying texts.
Designed for independent learners, step-by-stapuctgons are taught for every problem
in each course, on the CD-ROM. This course combieasw with new material in each
homework assignment (Teaching Textbooks, 2012).

Founded to raise the level of mathematics instoudatn elementary and secondary
schools, UCSMP highlights real world applicatioAs.the largest existing university-
based mathematics project, this secular, classiuasre program emphasizes reading,
problem solving, real-life applications, and teclmgy usage. This rigorous curriculum
stresses more complex understanding of mathen{atsiskin, 2012).

BJU publishes traditional curriculum with a Chistiemphasis. These textbooks
incorporate manipulatives in the younger gradeterion is given to the basic skills and
review concepts systematically. Christian contenihiegrated to cultivate a Christian

worldview (BJU Press, n.d.).
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Academic proficiency of home educated studentResearch demonstrated that
homeschool learners perform as well as their comweally schooled counterparts, if not
better. Ray (2011) purported, “To date, no resebashfound homeschool students to be
doing worse, on average, than their counterparssaite-run schools” (p.11). Studies
affirmed the academic achievement and college peepass of K-12 home-based
learners, as well as positive benefits for spesmaication homeschooling students
(Bagwell, 2010; Basham et al., 2007; Bolle et2007; Clemente, 2006; Duffy, 2002;
Duval et al., 2004; Ensign, 2000; Goodman, 2008e3& Gloeckner, 2004; Klicka,
2004; Ray, 2000, 2004, 2010; Rudner, 1999; Vandeit., 2009).

K-12. Regarding elementary and secondary learners, cdssapported the
assertion that homeschoolers perform as well aeb#tan their traditionally schooled
peers (Martin-Chang et al., 2011; Ray 2010; Rudt@99). Martin-Chang et al., (2011)
compared homeschooling and non-homeschooling yiaudhademic achievement. As a
whole, the homeschoolers performed better thamohehomeschoolers, but not with
statistical significance. The homeschoolers weea thentified by structure.
Unstructured or “unschooling” homeschools did retdnset curriculum or a set time for
schoolwork, while the structured homeschoolersvaaging levels of structured school
time and curriculum usage. The structured homedelmscored significantly higher
than the non-homeschooled, who scored higher trannstructured homeschoolers.
Results suggested, “structured homeschooling megred the development of academic
skills (as measured by standardized tests) beydvad i experienced by attending
traditional public school” (p. 201).

Rudner’s (1999) seminal study compared 20,760 honoeders’ standardized

test scores with the normed public school sampielikgs showed that the home
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educated, on average, performed above the medhs ptiblic educated in every subtest
at every grade (typically in the @0 80" percentile). Students who had been exclusively
homeschooled had higher achievement scores, thar thho had attended public or
private schools. Homeschooler achievement wasigoifisantly related to gender, full-
service curriculum, or parent teacher certification

Following up Rudner (1999), Ray (2010) compared@39 homeschoolers’
scores with a normed public school sample. Thimnatde cross-sectional descriptive
study found that homeschoolers’ standardized tests substantially exceeded the
public schooled students’ averages (homeschooéstsohational percentile ranged from
84 to 89 as compared to public school nationalgrgie of 50 in all subtests). No
significant difference existed between achievenagt several characteristics (i.e.,
number of years homeschooled, degree of stateatgul enroliment in a full-service
curriculum). Ray (2010) stated, “that the resuftthes present study are consistent with
preceding studies of the academic achievementmiEkohool students” (p. 25).

College preparednessResearch showed that the home educated are well
prepared for college level work (Bagwell, 2010; IBadt al., 2007; Byers, 2005;
Clemente, 2006; Cogan, 2010; Galloway, 1995; J&n@soeckner, 2004). They
performed as well or better than their peers inddiadized testing, GPAs, and retention.

Galloway (1995) compared freshman performancerektlistinct subgroups, 60
homeschooled, 60 public schooled, and 60 privdteded. The ACT norm-referenced
score and criterion-referenced English course sgmmavided the needed assessment to
evaluate each of the groups. The English scorésctetl cognitive and writing skills
necessary for success, typical of practices negewsamany college classes.

Homeschool graduates averaged superior score$ lout @ne of the evaluated items,
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scoring significantly higher on the ACT English segi. Home education graduates
performed as well as the other freshman, if naibgethey exhibited comparable
academic preparedness for college English work.

In Colorado public colleges and universities, Jofeésloeckner (2004) compared
108 freshmen — 55 home school graduates and 58mdpahosen traditionally schooled
students with respect to ACT scores, GPA, creditaed freshman year, and retention.
Homeschool graduates averaged higher on all fgpert#ent variables, without
statistical significance. Notably, ACT compositesss of the home school and the
conventional student populations matched nationaleages (home schooled 22.8,
identical to 2000 ACT national homeschool averageyventional schooled 21.3, close to
the 2000 ACT national traditional school averag@Df These outcomes suggested that
homeschoolers’ collegiate readiness paralleledahabn-homeschoolers.

Clemente (2006) conducted a causal comparatiay stwestigating college
aptitude and achievement of home educated and ntamally schooled freshmen.
Representing 23 states and seven Christian collége2959 participants included 1792
public schooled, 945 private schooled, and 222 hecheoled, with respective mean
scores of 1429.60, 1497.61, and 1811.91. The hdmekars’ higher mean SAT rank
significantly differed from the public and privagehooled groups, unlike the non-
statistical difference between the public and gewschooled. Results suggested home
educators provided a suitable option to conventiscaooling models.

At York Technical Community College in South Camal Bagwell (2010)
compared 273 homeschool graduates with 273 majpbed from traditional schools.
Homeschoolers outperformed traditional studenteiren out of eight measures.

Statistically significant differences were foundire writing and reading sections on the
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COMPASS test (a nationally-normed college placenest), the mean first semester
GPA, the mean math GPA, the mean science GPA, &aa fanglish composition GPA,
and the mean overall GPA. No significant differeegested between the home-educated
graduates and the traditionally schooled graduatdbe Compass math section. Bagwell
(2010) suggested that further research addresadkieematical shortfall.

Complexities of research involving home educatianThe intricacies of
educational research necessitate the use of differguiry methods. Furman and Shields
(2005) alleged that educational research must bdléd distinctively. Research issues
have deeply moral roots and the selection of rebeguestions, the way research is
conducted, and the discussions of interpretatiomst tme sensitive to those moral
principles. Each research strategy must be tailtoeéhe specific context in which it is
studied. The organic context of home-based edutatlls for specialized inquiry.

The natural environment of home schooling presantgher obstacle (Thomas,
1998, 2002). Since these students learn at honmengaccess may be cumbersome due
to the impracticality of visiting each homeschauid the reticence of many parents about
being “spied upon” (Thomas, 1998). Each settingegdirom the next, ranging from
flexible, accommodating family needs and studelgcs@ns, to very structured
schedules (Goodman, 2008; Ortiz, 2000; Thomas,)1988mally, educators from
public/private schools do not recognize this digton. Adaptable to different contexts,
case study research is an appropriate method foeschooling study.

Studies involving a large homeschool populatioroine unique challenges.
Homeschoolers exist out of the mainstream, mosirteyy only to accountability or
support groups within their state, while some remfanderground”—not officially

recorded. No centralized agency takes in infornmatiiestruction and curricula have
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differed (Slatter, 2009). Not every homeschoolaridde part of a study because not all
homeschoolers take standardized achievement @siga sample, not necessarily
representative, could be selected.

However, standardized tests provide a means opagson with public, private,
and homeschooled students. Universal tests likéMBS and TAP supply a means of
comparison with elementary and middle grades (R@90, 2010; Rudner, 1999). The
SAT and ACT tests evaluate college readiness. Thgsessments offer a starting place.

Summary

Homeschooling research to date has demonstraaétidmeschooling students
perform at least as well or better than their coiemally schooled peers in academic
achievement. Mathematics achievement is includedase results, although not as
dramatic as reading achievement. Limited reseaitldneases homeschool instruction and
very little deal directly with mathematics, onerp?0 years old. There is a dearth of
intensive study dealing with mathematics proficiemchomeschool students. No studies
deal with the homeschool graduate’s perceptiom@f tmathematics instruction and how
they attained such proficiency. A study of matheaoadly proficient homeschoolers
would provide valuable insight to the homeschoa eonventional education
communities. Interpretive case study is neededatuate how mathematically proficient
homeschool graduates may have benefited from theebchool environment in
obtaining their proficiency. This study examined fierceptions of homeschool
graduates, who performed well on the college SATheraatics subtest and the adapted

National Assessment of Education Proficiency GreEZ2lenathematics subtest.
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CHAPTER THREE: METHODOLOGY
Introduction

The purpose of this multiple case study was to tstded and explain how
mathematically proficient homeschool graduates medumathematical proficiency. This
collective case study research focused on thealeniestion: How does the homeschool
environment, including attitudes (of both graduated educators), instructional
practices, relationships, and physical surround{ngsy include more places than the
home), contribute to the mathematical proficientif@meschool graduates?

The following five subquestions guided this study:

Research subquestion:1 How do mathematically proficietomeschool

graduatesdescribe their mathematical homeschool environment?

Research subquestion:2How do mathematically proficiefiomeschool

graduatesdescribe their mathematical self-efficacy?

Research subquestion:3How dohome educatoref mathematically proficient

homeschoolers describe their mathematical sel¢af$i?

Research subquestion 44ow dohome educatoref mathematically proficient

homeschoolers describe their homeschool gradua&tlsematical homeschool

environment?

Research subquestion SAre there any apparent patterns or relationships

between the descriptions of the mathematicallyipierit homeschool graduates

and theilhhome educatorsoncerning their homeschool environment and their

mathematical self-efficacy?
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Research Design

Qualitative research provides an in-depth, robask at a phenomenon to give
clarity and describe the problem (Ary et al., 20@)ecifically, case study research
focuses on a small sample to richly identify theiemment and contributing variables
(Bogdan & Biklen, 2007). Yin (2009) posits that eatudies are the preferred form of
gualitative study when the focus of the study igl@n“how” or “why” of a current
phenomenon, occurring in a naturalistic settinginaéred by the researcher. They are
exploratory in nature. Multiple case studies preumore information, both from the
individual cases and cross-case analysis (Staki; 20n, 1994; 2009). Results
generated from the individual case studies carobgared with one another to replicate
the findings, a literal replication, or confirm agative occurrence by means of a rival
theory, a theoretical replication (Yin, 1994; 2008)ithin this multiple case study, | seek
to explain how purposefully selected homeschodligates acquired mathematical
proficiency, based on their perceptions of theithmematical experiences within their
homeschool and their mathematical self-efficacy.

Case study may involve a holistic or embeddeda@ggtr and one or more sample
cases (Yin, 1994). The holistic case study focasesne unit for analysis, while the
embedded design involves multiple components. e5{aB06) labels the focus of the
study, such as the unit of analysis, to be a quintauch like a target on a dartboard.
When the purpose of a case study goes beyond sedtsalf—to explain the quintain—
—the case study is instrumental. In this instrurakmiolistic study, the mathematical
proficiency of the homeschool graduates was thefananalysis, or quintain.

Furthermore, case study may involve one single oasaultiple cases (Stake,

1995, 2006; Yin, 1994; 2009). Multi-case desigovites more in-depth, rich
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information by comparing single case study reqidtsgdan & Biklen, 2007;Yin, 1994,
2009). They have the advantage of showing litexalication when similar results are
found across the individual cases (Yin, 1994, 20@llective case study focuses on
one targeted issue as it relates to multiple cg&teke, 1995). In this collective, multiple-
case study, comparing the common themes in thasatgn of mathematical proficiency
provided insight as to how the homeschooling edoldgnvironment, relationships,
experiences, and mathematical self-efficacy, cbuated to that proficiency.

Replication logic is critical to the selectiontbe sample case study participants.
Yin (1994) purports that, “Each case must be c#ise$elected so that it either (a)
predicts similar results (a literal replication)(b) produces contrasting results but for
predictable reasons (a theoretical replication)4@). Developing a rich, theoretical
framework includes stating the conditions that aen¢ is expected to occur (a literal
replication) and also the conditions when the ede®is not happen (a theoretical
application). The within case analysis is thediteeplication analysis and the across-
case evaluation is the theoretical replication (Mi®94). Selecting mathematically
proficient graduates is important; describing wiatks for one student may be applied
to others.

Researcher’s Role

In this case study, | took on the role of an ipteter. | mainly used the social
constructivism/interpretivism paradigm becauseuigé to understand and explain
mathematical proficiency acquisition through thalitg that the participants give to that
phenomenon. Also, more pragmatically, | was camegmith patterns that emerged

from the data, to provide potential best practindsomeschool mathematics education.
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My ontological assumption was that the homeschaadgates construct a social
and individual reality as they explain the meartimgy give to the acquisition of their
mathematically proficiency with respect to theinteschool environment. Using
transactional epistemology, | viewed the graduatelsoth the key to understanding the
phenomenon and the phenomenon entwined togethethaddologically, | interpreted
their explanations of how they acquired mathembgicaficiency within their
homeschooling context and how that related to timaithematical self-efficacy scores
and their NAEP item answers. My rhetorical assuompivas that | reported their
“voice” in the data analysis; the participants wessential co-researchers. The
axiological assumption | brought to the study weesdreat value | gave to
homeschooling education.

The experience that | brought to this researchuthadl working as a mathematics
educator in a New Jersey public high school foyd@rs and homeschooling my three
children for over 18 years. In both these capaitizave come in contact with many
students and parents who claimed a lack of mathd=rce. They labeled math their
least favorite subject and experienced much frtistravith applying mathematics to
their everyday lives. They scored disproportionabstter on reading tests, than on
mathematical tests. | also knew homeschool stsdeho scored well on standardized
tests and stated that mathematics was one oflibsirsubjects. The question arose
whether mathematical ability and perception caramfthe home environment, an inborn
talent, activities outside of the home, or a corabon of these factors.

| was the human instrument in this study, acting participant-observer. My
experience with mathematics instruction and honaslaig allowed me to look at

homeschooling mathematical instruction both frobeat practices teaching and realistic
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home education perspective. | acknowledged myopatsdias with the advantages of
homeschooling and my professional bias as to tip@itance of mathematics instruction.
Homeschool graduates were part of a special gtoat related with; their home
educator parents were my peers. | acknowledgedpheicipation in this research as co-
researchers. | gave a voice to the participatmaggates by using rich text and quotes,
carefully analyzing the transcript data, analyzimg mathematical self-efficacy survey
results, conducting member checks, and employingrahathematical and
homeschooling experts to review my analysis. Type of analysis helped counteract
any personal and professional bias. Additionahg, literature review process served to
focus my thoughts onto this research topic and mapekills as a human instrument.

Participants

A study, reasonable in scope, must be bounded€Si&©5, 2006; Yin, 1994,
2009). Careful selection of participants keptrdsearch managed and focused. In this
research homeschool graduates were initially reention the basis of SAT scores and the
length of their homeschool study. These initidmbeers were screened with the NAEP
Grade 12 Mathematics Proficiency Test; those sgd@0% or above were selected to
participate in the study. One participant scor@®%, but was included as an outlier,
because of her ‘A’ in her college mathematics cetray (2004, 2010) and Rudner
(1999) found that the number of year’s homeschgohmas a significant contributing
variable in homeschoolers’ standardized test sc&ag (2004) chose participants who
had been homeschooled for seven years or moreseMabo score above average on the
mathematical sections of the SAT college entraxeens have the potential to be
mathematically proficient; they are desirable cdatis for college admissions’

counselors. The average homeschooled students sndhe mathematical subtest of
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the 1999 SAT was 532 (HSLDA, 2001). In the 201128AT math subtest, about 25%
of the test takers scored 600 or above; only 7%eslcé00 or above (The College Board,
2012). Students scoring 80% or better on the NAERhematical subtest are labeled as
proficient (NAEP website). For the purposes of 8tisdy, homeschool graduates who
scored 600 or above on the math subtest of the 8%&€jved a proficient score on the
NAEP Grade 12 Mathematical subtest (with one exeeptand had been homeschooled
for seven or more years were eligible.

The number of individual cases varies with the foofithe research. Shepherd
(2010) and Clements (2002) interviewed three hohmsong families to identify what
each family used for instructional purposes. MorE891) interviewed 15 families to
find if their homeschooling programs were addragsine Virginia middle school
socialization guidelines. Concerning mathemateaining environments and including
the perspectives of the homeschooled studentsg (2@DO0) interviewed and observed
two homeschooling families, while Bachman (20113ered eight homeschools. For the
purpose of understanding the homeschool learningarmments and the ways of
knowing of homeschool graduates, Goodman studiegéhnspective of 16 formerly
homeschooled students. Thomas (1998) observetidii@ education settings to find
commonalities in home education and compare thios&asties with theories of
informal learning. Yin (1994) recommends two tcethicases for a literal replication and
four to six additional cases for a theoretical icgilon. Through multiple case study
research, | sought to understand and explain homdtGematically proficient
homeschool graduates acquired their proficiencyhBoe graduates and their home

educators were involved. Pseudonyms were seleatebtect their confidentiality.
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Initially, | planned to seek the assistance of fimstitutions as gatekeepers. A
North Carolina homeschooling business that offegh Bchool laboratory classes
emailed its homeschooling customers about thisareeeand gave them my contact
information. A South Carolina homeschooling acdiahn association and a South
Carolina legislative support group sent out an émanembers with information about
this study and invited them to contact me by emaio Virginia online academies,
affiliated with an accredited college/universityaled their customers about this study
and invited them to contact me by email. Througieesonal friend | invited a
homeschooling family to participate. That mothesitied several other families,
illustrating the snowballing sampling techniqueamenended by Bogdan and Biklen
(2007). The 16 participants came from personatatiens, snowballing, and one
gatekeeper, the South Carolina accreditation associ None of the other gatekeepers
provided any participating families.

The 16 participants came from nine families in &ddarolina and one in
Virginia. Seven graduates, from four families, desi in an urban area (JONES, KING,
RICE, SIMS). The other nine, from six families,dt/in suburban areas (COX, FORD,

HALL, LEE, TATE, WEBB). Each graduate was considkeesingle case (Table 1).
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Table 1

Participants’ Demographics and Characteristics

Name Gender Family Age SAT Math Score Grades Hohosded

Ned M COX 19 740 K-12 (13 years)
Cali F FORD 18 660 2-12 (11 years)
Sue F FORD 22 620 3-12 (10 years)
Ela F HALL 19 620 K—12 (13 years)
Ola F HALL 18 660 K—12 (13 years)
Tad M JONES 21 780 K—12 (13 years)
Rob M JONES 20 750 K—12 (13 years)
Wes M KING 20 700 K-12 (13 years)
Mae F KING 21 640 K-12 (13 years)
Ali F LEE 23 660 K—12 (13 years)
Hali F RICE 19 620 K—12 (13 years)
Ben M SIMS 20 610 K-12 (13 years)
Que F SIMS 21 600 K-12 (13 years)
Kim F TATE 18 730 1-12 (12 years)
Lea F WEBB 23 610 K-12 (13 years)
Don M WEBB 20 710 K-12 (13 years)
Setting

There were twelve settings for this study. ToizgiBronfenbrenner’'s (1979,
1999) ecological and PPCT framework, it was adwgedas to interview the homeschool

graduates in their homeschool environment, if gidssFor the participants’
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convenience, the locations varied. The intervidessincluded: five graduate homes
(with seven graduates), two rental properties (with participants), three college rooms
(with five participants), a restaurant (with twaduates), and the researcher’s home (one
participant). The interviews took place in Southrdliaa and Virginia.

In these two states, the homeschooling populat@yogmtages align somewhat
with the state school age population percentagethéonation. Using available data from
research, 1% of homeschoolers have resided in &artlina, and 1% in Virginia. In
2009, 1% of the nation’s school aged children lire@outh and 1% lived in Virginia
(see Table 2). These percentages were identictifyjag the use of these states as a

reasonable geographic location for participatinméschooling families.
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Table 2

National Percentages of Homeschool Students (HSputh Carolina, and Virginia as
Compared to Percentage of School Aged Students{SS and VA

State % #HS in (Year) % #SA
HS State/Total HS SA State/Total SA (2009)
South Carolina 1% 8,494/0.85 million  (2000) 1% Midlion/53 million
Virginia 1% 24,682/2.04 million  (2010) 2% 1.3 mah/53 million

Note.These percentages were calculated based on daiaextbfrom NHES (2008); Ray (2010); and Ziese
(2011).

Data Collection Procedures

Initially, IRB approval was obtained (see Appendix Then a pilot study was
conducted. Since Yin (1994) advocated the uselof giudies, | incorporated this
strategy within my research. This practice cladfibe scope of the research and provided
reliability to the researcher-made instruments,iherview and survey questions. |
selected one homeschooling graduate that fit myniteks of a 600 or better SAT
mathematics subtest score and had been homesclioottdeast 7 years, for the pilot
study. | analyzed the data from the NAEP mathearabfiroficiency test, survey,
interview, math self-efficacy survey, and documaaiia with Bronfenbrenner’s (1979,
1999) ecological and PPCT theoretical models aad\fRC’s Five Strands of
Mathematical Proficiency (Kilpatrick et al., 2001)hen, | refined my interview and
survey instruments and develop a preliminary selaté codes to help with the data
analysis during the main research. Goodman (208&) the results of her pilot study to
generate data codes for her data analysis. Smedetinose codes as she conducted the
main study. Following the revision of my researetmade instruments, | recruited

homeschool families through one South Carolinakgsper and personal contacts
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located in two southeastern states. The remaimadugites were interviewed based on
the lessons learned from the pilot. | was morefaate stay on topic, using the interview
guestions to focus my attention, rather than afilemother “off-topic” discussion. The
process in taking the survey for the home educatassalso slightly refined through the
pilot study process. | offered the educators theapf mailing or emailing the survey.
Most of the surveys were mailed with return selfh@dsed stamped envelopes.
Additionally, | mailed all of the MSES (Betz & Haeflt, 1993) forms with self-addressed
stamped envelopes. The pilot study helped struth&erganization of the survey,
MSES, NAEP, and SAT documents.

The gatekeepers were educational organizationseldeathin South Carolina
and Virginia. One of the South Carolina organizagiovas a state licensed homeschool
accountability group that services over 50 homeslihg families. The other South
Carolina group acted as a legislative watchdoghestided sponsor homeschool
conventions in South Carolina. Two of the organaret were online schools affiliated
with accredited institutions of higher learning &asn Virginia. After IRB approval
(Appendix D) and completion of the pilot study, thegekeepers sent out an email to its
constituents with the intent of this study, theimékrs of the study, and an invitation for
qualifying families to volunteer for the study, itny email contact information
(Appendix E). Only one of these gatekeeper provigladicipants. The remaining
participants came from personal contacts and sniindpa

After identifying potential volunteers, | sent antformed consent forms via email
attachments (Appendix F, G). When | received theexi consent forms, data collection
began. Multiple sources of data, data triangulati®needed to provide dependability

and credibility to a qualitative study (Ary et &006). In this multiple case study, five
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types of data were collected: (a) a mathematic#igency test consisting of NAEP
standardized items given to the homeschool gradu@idocuments verifying the SAT
math subtest scores and final mathematics couagkegr(c) mathematical self-efficacy
scores of both the graduates and their home edscétl) semi-structured interviews of
the homeschool graduates; and (e) surveys of tive lealucators.

Standardized Instruments

| utilized two standardized instruments in the datkection phase. After the
potential participants contacted me, | emailedhfarled) a mathematical proficiency
evaluation to the homeschool graduate. The matheamharoficiency evaluation
(Appendix A) was a modified form of the standardizend normed NAEP Grade 12
Mathematics Assessment (NCES, 2009). | gave eaatugte a $25 gift card of his or
her choice for participating. Additionally, fromdse who completed member checks, |
randomly selected a graduate for a $50 iTunexgifi. Graduates who scored 80% or
better on the NAEP and their parents were mailedMhthematical Self-Efficacy Scale
(Betz & Hackett, 1993). | scheduled an interviewhwhe participants after | received
their permission to do so.

Mathematical proficiency questionnaire | emailed or mailed a modified
version of the NAEP Grade 12 Mathematical Proficiemest to the participating
homeschool graduates. This 10-item instrument wadenup of questions covering all
four of the Grade 12 content areas. This test wad to evaluate four of the five strands
of the NRC’s (2001) mathematical proficiency: captceal understanding, procedural
fluency, adaptive reasoning, and strategic comjpgeten

For the purpose of this study, the sample GraddARP Mathematical

Proficiency Test was downloaded from the NCES weld®ICES, 2009) and saved into a
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WORD document. This online instrument consiste@l®items selected from previous
assessments, released for general publicationdifiad the NAEP evaluation with
directions added to the beginning of the documadtthe phrase “SHOW YOUR
WORK AND EXPLAIN YOUR METHOD” added after each df¢ 10 questions
(Appendix A). According to the NAEP website, thd€eitems were broken down into
three levels of complexity (3 easy, 6 medium, Jdhand overlapped in five content
areas (4 number properties and operations, 3 nezasat, 2 geometry, 4 data analysis
and probability, 4 algebra). | sent this evaluatothe homeschool graduates via an
email attachment. They returned the completedviastmail or snail mail.

Mathematical Self-Efficacy Scale The Mathematics Self-Efficacy Scale
[MSES] (Betz & Hackett, 1993) published by Mindgand Inc. was utilized for this
study (Appendix H). The MSES has been normeddstaized, and used extensively in
research (Betz & Hackett, 1993; Ciechalski, 19981t€, 2010; Hall & Ponton, 2005;
Smith, 1993; Watts, 2009). The 1983 MSES had hegjability coefficients: .92 for
math courses; .96 for math problems; .92 for magkg; and .96 for total scale. The
Coefficient alpha was reported at .92, with theéelwinterval test-retest reliability
reported at .94. The 1993 instrument retainedvtath Tasks and the Math Courses
subscales, without updated validity coefficienygorted (Betz & Hackett, 1993;
Ciechalski, 1993; Smith, 1993). | purchased a e license to administer the
instrument to up to 100 participants, which mointicovered the scope of this study.
The MSES consisted of 34 items and two sub scBk$.0One included 18 items
measuring confidence with everyday math tasks. Raatlists 16 classes. All items were
rated on a Likert scale of 0 to 9, ranging fromcoafidence at all to complete

confidence. Both the homeschool graduates andahee leducators completed this scale.
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Interviews/Surveys

The interview and survey instruments were groundebe literature and with
help from experts in the educational field. The sstmuctured interview and survey
guestions were very similar, both measuring thestants of the homeschool
environment. The interview was aimed at the petsgeof the homeschool graduate,
while the survey gathered corresponding informatiom the parent to correlate or
contradict the graduate’s interview responsesaltyt the items were generated from
homeschooling research literature. These items axatkiated and revised with the help
of six educational experts. Three had conducteddschool research: one had completed
many homeschool studies and headed a homeschealchsorganization; another
worked as a dean in a community college; the thiad an educational psychology
professor. Another reviewer was a professor thaksvextensively with doctoral
research candidates. The final two evaluators wbike public school setting; one
administrated federal programs and the other wagldle school team leader.

Interview. An interview is “one of the most important souroésase study
information” (Yin, 2009, p. 106). McCracken (1988rommended one long interview
driven by research. A review of the literature sedigfine the problems to be studied and
construct the interview questions. Interviewers nsyathesize the literature findings
with their personal experience and the focus ofstidy. The interview questions need to
begin with biographical questions, followed by aup of question areas specific to the
topic. Effective interviewers set the tone of asg@s by eagerly listening to the answers
and presenting oneself as curious, but not inguesit

The purpose of the interview is to understand aqudiaén how the participants

make meaning out of their experiences (Maxwell,53J0G500d interviewers need to put
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themselves in their interviewee’s place. In thiglgt the phenomenon investigated with
the interview was the meaning that homeschool grdugave to their mathematical
proficiency acquisition. Since | have homeschodtedver 18 years and know many
homeschooled students, | understood some of thperences and the environment they
came from. Furthermore, my 10-year experiencelaglaschool mathematics teacher
provided me the subject area background for evalganathematical proficiency.

After the receipt and evaluation of the NAEP math#oal proficiency test and
MSES, | contacted each of the proficient homeschamiuates to arrange a face-to-face
semi-structured interview (see Appendix B) in tloenle base of the graduate. With the
consent of the participants, all the interviewsevaundio-taped. The purpose of the
interview was to understand and explain how thedsmhool graduates became
mathematically proficient. Interviewing some theni@r homeschoolers in their
homeschool environment helped me understand thancigs of that environment and
place the interviewee in that context. Out of isedg, some interviews took place in
other homes, dormitories, a restaurant, and coli&ggsrooms. Interview questions
involved the participants remembering and desagiltiheir perceptions of significant
feelings and events that gave meaning to their Bohwol experience as it related to their
acquisition of mathematical proficiency. As coaachers they contribute their voice to
this case study research.

All 20-interview questions were grounded in reskdsee Table 2). They
correlated with the first 20 items in the survelieTdata from these items was used to
compare the meaning the homeschool graduates’tgateir homeschool environment
with the home educator perceptions. The questashkesd for descriptions about the

family, homeschooling motivation, graduate’s cowskk, graduate’s experiences with
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the homeschooling environment, preparation foregg| mathematics, and any changes
that the graduate would make to the homeschookpgreence.

Question 1 asked demographic questions to deternifriine family was
representative of what was known about the homedicigopopulation. Planty et al.
(2009) found racial demographics of 76.8% CaucagigtmAfrican American, 9.8%
Hispanic, 9.3% other races. Ray (2010) and Rudi899) studied homeschooling
populations with 91.7% Caucasian, 1.2% African Aigger, and 2.2% Hispanic
populations. Ray (2010) and Rudner (1999) did maot §ender or race to be significant
variables with respect to standardized test sc&esearchers have found most
homeschooling families (61% or greater) have tlore@ore children (Planty et al., 2009;
Ray, 2010; Rudner, 1999; Van Pelt et al., 2009%ethimes the nationwide average of
19.8% (Ray, 2010).

Questions 2 and 3 addressed the reasons thatdarsiéirted and continued to
homeschool. The most popular reason was religidmaorals, followed by academic
concerns (Barwegen, Falciani, Putnam, Reamer, & 2@04; Collum, 2005; Green &
Hoover-Dempsey, 2007; Ice & Hoover-Dempsey, 201dy RO00; 2004; 2010; Van Pelt
et al., 2009), although recent research has shtivesg@ motivations becoming more
complex (Collum, 2005; Goodman, 2008). Homesclimgohotivation affected
homeschool-learning environments (Cai et al., 2@&dman, 2008).

Question 4 dealt with the number of years thagtiagluate had been
homeschooled. Ray (2000, 2010) and Rudner (199@)dfthis variable to be significant
to standardized test scores.

Questions 5 through 7 were included based on ifipot the expert review. Two

reviewers specifically asked that the interviewlukle more open questions, to express
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opinions about their overall experience and faeoaitd least favorite subjects. Giving
voice to homeschool students required them to esptesir opinions about their
experiences (L. van Schalkwyk, personal commurdoafrebruary 9, 2012).

Questions 8 through 10 considered the mathemdtisseas the student had taken
and whether they felt their mathematical experigmrepared them adequately for their
future pursuits. Question 8 was asked to determvimether the graduate had taken
algebra, geometry, and any other upper level mathiesclasses. Abstraction reasoning
was critical for mathematical proficiency and thedy of algebra provided practice with
problems and symbolic manipulation, increasingoramsy skills (Milgram, 2007).
Students who took Algebra 1l were found to doubleit odds at completing a bachelor’s
degree by eight years after high school (Trustyi&$y 2003). Algebra courses were
considered a gatekeeper for college retention aodess (Hall & Ponton, 2005;

Milgram, 2007; NMAP, 2008). Homeschoolers who hapgasure to geometric concepts
scored better on standardized tests, than homedsthaho had not been exposure to
geometric concepts (Richman et al., 1992). Quest®oand 10 asked whether the
graduate considered their mathematics experiensead@quate or inadequate and if they
felt prepared for their college mathematics couifsene or more was taken). All four
homeschool participants in Bagwell's (2010) studg 25% of the homeschool sample in
Jones’ (2010) research felt a lack of confidenc@r mathematical background,
wishing they had been better prepared.

Clemente (2006) found that homeschooled studegmsfisiantly outperformed
non-homeschoolers on the college SAT test. OriD@2 asked why homeschoolers
performed better on these tests. Question 11 daedato find out why the graduates

believed they performed above average (top 25%hemathematics SAT subtest. With
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regard to mathematical proficiency assessmenteSiagited that “What do you think”
(p. 361) is the most profound question to be asked.

Questions 12 and 13 asked for a description ofrtalhematics curricula and
instruction that occurred in their homeschool. nadats (2002) identified two major
types of homeschooling teaching, direct instructiad self-study, and seven types of
homeschooling curricula: (a) textbook-based; (eyditure-based; (c) computer-based;
(d) video/satellite; and (e) unschooling. Peter@iiil) found that parents preferred pre-
made structured curriculum, religious or seculdartin-Chang et al. (2011) found that
elementary students from structured homeschool@emwvients significantly
outperformed non-homeschooled students and homeisstualents from unstructured
homeschool environments. Richman et al. (1992)dahat most participants liked
Saxon math books for their cyclical content struetand homeschool students whose
parents routinely corrected their answers scoréi@hen standardized measures.
Shepherd (2010) reported that the participantemed a more traditional approach to
mathematics with much drill and practice activitiBannier (2007) found that home
educators taught until mastery, pacing the worloating to student needs. Cai et al.
(2002) found controlling teacher behaviors in neligly motivated home educators.
Goodman (2008) found that high school students tadwey classes outside of the home
environment; this could conceivably include mathgecsacourses. NCTM Principles and
Standards (NCTM, 2000) guided public school teazhd&ihe six guiding principles of
equity, curriculum, teaching, learning, assessnard,technology were accomplished
through the five content standards—number and tipas algebra, geometry,
measurement, data analysis and probability—anéitberocess standards: problem

solving, reasoning and proof, communication, cotioes; and representation. It would
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be beneficial to both the homeschooling and thdipgbhool community to identify
whether these principles and standards are impledaen the homeschooling
mathematical curricula and instruction.

Questions 14 and 15 asked about the relationad pathe homeschool
environment and the changes that took place oeeydhrs of homeschooling.
Question14 involved the interactions that occuirdumathematical instruction and
experiences. Question 15 inquired about any cleaogadaptations the family had made
in the mathematical instruction. This related tofdenbrenner’s (1979, 1999) ecological
and PPCT models and how relationships and envirahmerked together in the
proximal processes of an individual’'s human dewvelept. Von Schalkywk and Bouwer
(2011) used Bronfenbrenner’s bio-ecological framwto analyze the homeschool
environments comparing and contrasting the pawsamdschildren’s perspectives.

Comparing the mathematics homeschool experiendbstiase in other subjects,
Question 16 was added during the expert revievealing home education researcher
suggested that the graduates reflect on the sitrekaand differences of their math
studies and other courses. (B. D. Ray, personahuamcation February 9, 2012).

Questions 17 and 18 involved the hindsight peroagtof the homeschool
graduate. Their perspective was critical to thedsological model (L. von Schalkwyk,
personal communication, February 9, 2010). Futesearch needed to address what the
students have to say about their mathematical eeqpes and their proficiency
(Schoenfeld, 2007) and “what homeschool studeim& themselves about the
educational choice made by their parents” (Shepl2&t0, p.107). Question 18 asked

what the former homeschoolers would have doneréffy.
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Questions 19 and 20 were included to discern thibenaatical attitudes of the
homeschool graduates and their educators. Thesti@pecomplemented component
five of the NRC’s Five Strands of Mathematical Rrigincy, productive disposition
(Kilpatrick et al., 2001). The graduate responddb@se questions were compared with

the survey answers of the home educators and tHeSMBetz & Hackett, 1993) results.
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Table 3

Semi-Structured Interview Questions and Correspanéiesearch Citation

Questions Corresponding Research

1) What is your age, birthplace, birth order? 1) McCracken (1988); Planty et al.
Describe your siblings (age, male/female, rac009); Ray (2000, 2010); Rudner
type of schooling). (1999).

2) What was/were the initial reason(s) your 2) Barwegan et al. (2004); Cai et al.

family started to homeschool? (2002); Collom (2005); Goodman
(2008); Green & Hoover-Dempsey
(2007); Ice & Hoover-Dempsey (2011);
Ray (2000, 2004, 2010); Van Pelt,
Allison, & Allison (2009).

3) What is/are the reason(s) your family 3) Barwegan et al. (2004); Cai et al.

continues to homeschool? (2002); Collom (2005); Green &
Hoover-Dempsey (2007); Ice &
Hoover-Dempsey (2011); Ray (2000,
2004, 2010); Van Pelt, Allison, &
Allison (2009).

4) How long has your family been 4) Ray (2000, 2010); Rudner (1999).
homeschooling?

5) Tell me more about your experience with 5) L. van Schalkwyk, personal
homeschooling. communication, February 9, 2012.

6) Describe your favorite subjects during youl) L. van Schalkwyk, personal
homeschool years. communication, January 18, 2012.

7) Describe your least favorite subjects durin@) L. van Schalkwyk, personal
your homeschool years. communication, January 18, 2012.

8) Describe what math classes you have take8). Milgram (2007); NMAB (2008);
(looking for algebra, “gateway to college”)  Schoenfeld (2007); Stage (2007).

9) Describe your math experience during you®) Bagwell (2010); Jones (2010).
homeschool years (adequate/inadequate?).

10) How well were you prepared for college 10) Bagwell (2010); Jones (2010).
mathematics courses?

92



Questions Corresponding Research

11) Why do you think you did so well on the 11) Ortiz (2000).
SAT math subtest?

12) Describe the mathematics curricula you 12) Clements (2002); NCTM (2000);
used in homeschooling. Peterson (2011); Richman et al.,
(1992).

13) Describe what your family’s mathematics13) Bannier (2007); Cai, Reeve, &
instruction was like (e.g. style of instruction —Robinson (2002); Clements (2002);
structured or non-structured, direct teaching, Goodman (2008); NCTM (2000);
reworked incorrect problems until mastery; Peterson (2011); Richman et al.,
group work, self-study, online course, (1992); Shepherd (2010).
combination of activities, co-op classes, other).

14) Describe the personal interactions in your4) Bronfenbrenner (1979, 1999); Ortiz
homeschool during the time that mathematicgR000); van Schalkwyk & Bouwer
instruction took place (e.g. some or limited — (2011).

self-study; parent student interaction —

conversations, lessons—stressful or enjoyable;

working with siblings—stressful or enjoyable).

15) Describe changes (if any) that have takerl5) Bannier (2007); Bronfenbrenner
place in your mathematical instruction and (1979, 1999); Hanna (2011); Richman
experiences over the years (e.g., curriculum, et al., (1992).

DVD classes, online classes, classes outside of

home).

16) How was your homeschool experience in16) (B. D. Ray, personal
math the same or different from your communication February 9, 2012).
homeschool experience in other subjects?

17) How do you view your overall homeschod7) Ortiz (2000); Schoenfeld (2007);
math experience? Shepherd (2010).

18) How would you change your homeschooll8) Shepherd (2010).
math experience?

19) Do you view mathematics as useful, 19) Kilpatrick et al. (2001).
sensible, or worthwhile?

20) What are your parents’ attitudes about an2D) Betz & Hackett (1993).
experiences with math?
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Home educator survey The survey | designed for this study consisted3f 2
items (see Appendix C). As in the interview, thevey was grounded in literature (see
Table 4). This survey contained questions aboutaimdly’s demographics, how many
years the graduate was homeschooled, the motigaftbwrinomeschooling, the structure
of the homeschool, the mathematical curriculazedi by the graduate, the interactions
that occurred during mathematical instruction, experiences and the support systems
utilized by the home educators. The first 20 itehthe survey asked the same questions
as the interview, from the perspective of the haahecator. This information correlated
the information given by the homeschool graduateesfion 21 dealt with the
homeschooling support the home educator receivese&ch has demonstrated that
homeschool educators attend conferences, workshepsork with other
homeschoolers, form co-ops to provide instructs@arch online for curriculum, and
seek out training for their homeschool instructiBannier, 2007; Hanna, 2011; Richman
et al., 1992). Question 22 asked for other potehteneschool volunteers, snowball

sampling recommended by Ary et al. (2006). Thelfitgan was for additional comments.
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Table 4

Home Educator Survey: Open-Ended Questions andeSpanding Research Citations

Questions Corresponding Research

1) Tell me about your children. The graduate 1) McCracken (1988); Planty et al.
being interviewed: age, birthplace, birth order. (2009); Ray (2000, 2010); Rudner
Describe your other children (age, male/femal€1999).

race, type of schooling).

2) What was/were the initial reason(s) your  2) Barwegan et al. (2004); Collom

family started to homeschool? (2005); Goodman (2008); Green &
Hoover-Dempsey (2007); Ice &
Hoover-Dempsey (2011); Ray (2000,
2004, 2010); Van Pelt, Allison, &
Allison (2009).

3) What is/are the reason(s) your family 3) Barwegan et al. (2004); Collom

continues to homeschool? (2005); Green & Hoover-Dempsey
(2007); Ice & Hoover-Dempsey
(2011); Ray (2000, 2004, 2010); Van
Pelt, Allison, & Allison (2009).

4) How long has your family been 4) Ray (2000, 2010); Rudner (1999).
homeschooling?

5) Tell me more about your home school 5) L. van Schalkwyk, personal
graduate’s experience with homeschooling. communication, February 9, 2012.

6) Describe your homeschool graduate’s 6) L. van Schalkwyk, personal
favorite subjects during your homeschool yearsommunication, January 18, 2012.

7) Describe your homeschool graduate’s least7) L. van Schalkwyk, personal
favorite subjects during homeschooling. communication, January 18, 2012.

8) Describe what math classes your homesch@)l Milgram (2007); NMAB (2008);
graduate took during homeschooling (looking Schoenfeld (2007); Stage (2007).
for algebra, “gateway to college”).

9) Describe your homeschool graduate’s 9) Bagwell (2010); Jones (2010).
experience with math during homeschooling
(adequate/inadequate?).

10) How well was your homeschooler prepared0) Bagwell (2010); Jones (2010).
for college mathematics courses?
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Questions Corresponding Research

11) Why you think your homeschool graduate 11) Ortiz (2000).
did so well on the SAT math subtest (scoring in
the top 25%)?

12) Describe the mathematics curricula you 12) Clements (2002); NCTM (2000);
used with your homeschool graduate. Peterson (2011); Richman et al.
(1992).

13) Describe what your homeschool graduate’43) Bannier (2007); Cai, Reeve, &
mathematics instruction and experiences wereRobinson (2002); Clements (2002);
like (e.g., style of instruction — structured or  Martin-Chang, Gould, & Meuse
non-structured, direct teaching, reworked (2011); NCTM (2000); Peterson
incorrect problems until mastery; group work, (2011); Richman et al. (1992);
self-study, online course, combination of Shepherd (2010).

activities, coop classes, other).

14) Describe the personal interactions in your 14) Bronfenbrenner (1979, 1999);
homeschool during the time that mathematicalOrtiz (2000); van Schalkwyk &
instruction took place for the homeschool Bouwer (2011).

graduate (e.g. some or limited — self-study;

parent/student interaction conversations,

lessons — stressful or enjoyable; working with

siblings — stressful or enjoyable).

15) Describe changes (if any) that have taken 15) Bannier (2007); Bronfenbrenner
place in your homeschool graduate’s (1979, 1999); Hanna (2011); Richman
mathematical instruction and experiences overet al. (1992).

the years (e.g., curriculum, DVD classes, online

classes, classes outside of home).

16) How was your homeschool graduate’s 16) B. D. Ray personal
experience with math during homeschooling theommunication, February 9, 2012.
same or different from their homeschool

experience in other subjects?

17) How does your homeschool graduate viewl7) Ortiz (2000); Schoenfeld (2007);
his/her overall homeschool math experience Shepherd (2010).
(advantages/disadvantages)?

18) What would you have changed about your18) Shepherd (2010).
homeschool graduate’s math experience?
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Questions Corresponding Research

19) Does your homeschool graduate view 19) Kilpatrick et al. (2001).
mathematics as useful, sensible, or worthwhile?

20) What are your attitudes about and 20) To correlate with the MSES (Betz
experiences with math? & Hackett, 1993).

21) Describe any homeschooling support that 21) Bronfenbrenner (1979, 1999);
you have received (e.g., conferences, math Hanna (2011); Richman et al. (1992).
workshops, support groups, online resources

and coops).

22) If you know of other homeschooling 22) Ary, Jacobs, Razavieh & Sorensen
families that might participate in this study,  (2006).

please ask them to contact me:

Betty.Cardinale.Research@gmail.com

Document Collection

Bogdan and Boyton (2007) recommend the use of dentianalysis to give
another perspective on the phenomenon. These dotsicen be official in nature,
giving objective information about standardized t&pres and course grades. | asked to
view a copy (either the actual report or an ontiopy) of their SAT mathematics subtest
scores and a copy of their high school transcsippwing final grades of completed
mathematics courses. Due to the self-reportingreattithe SAT scores and the
mathematically self-efficacy questionnaire, validif the given information may be
guestioned. These documents provided verificatfdhe students’ SAT mathematics
subtest score and mathematical course informatith® MSES. | set up a special email

address for participant contact (Appendix G).
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Data Analysis Procedures

Data analysis is the most challenging aspect ofrthktiple case study (Stake,
2006). The potential difficulties can be ameliodcatierough the use of a general strategy
for analyzing the data, such as relying on thecaépropositions, developing a case
description, using both qualitative and quanti@tilata, and examining rival
explanations, or descriptive frameworks (Yin, 200®3lying on theoretical propositions
is the most preferred of the general strategiess@&lpropositions guide the data
collection process. This case study used Bronfemtanes (1979, 1999) four-system
ecological model and PPCT model to understandftkets of the homeschool
environment (relationships, materials, processas tiane) upon the acquired
mathematical proficiency of the homeschool graduatd the NRC’s Five Strands of
Mathematical Proficiency conceptual model to evidube graduate’s level of
proficiency. Additionally, quantitative data wadleated. The mathematical self-efficacy
scales of the graduates and the home educatorsewangined to see if any patterns arose
from the collective case study. A document analgéithe SAT scores was used to
verify the self-reported scores and the high schamiscripts were analyzed to verify the
interview data about the math courses taken. Kindlé graduate NAEP ratings of
mathematical proficiency were compared with théiiTf Snath subtest scores and their
mathematics self-efficacy scores. Primarily, thiglitiple case study employed the
theoretical propositions strategy, but also utditiee quantitative and qualitative strategy.

For use with each general strategy, Yin (2009) ifpedive types of data
analysis for case studies. These types includgghiatgern matching; (b) explanation
building; (c) time-series analysis; (d) logic majednd (e) cross-case synthesis. | used

explanation building, which was a special caseatfgon matching. Yin (2009) stated
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that pattern matching-logic is “one of the mostigdse techniques” (p. 136) in case
study analysis. The goal of explanation buildingw@analyze the data through a pre-
built explanation about the case. This case stgdd the theoretical and conceptual
frameworks of Bronfenbrenner’'s (1979, 1999) fowlegical systems, PPCT, and the
NRC'’s Five Strands of Mathematical Proficiency Mo@&lpatrick et al., 2001).

As data was collected, | utilized several technsgiee maximum reliability. The
five types of information, home educator surveythmaatics self-efficacy scale,
homeschool graduate interview, official docume®A&T math subtest scores and final
high school transcripts) and memoing, provided tfzagulation. Data triangulation was
necessary for validity and reliability in case studsearch (Yin, 2009).

Data analysis triangulation was conducted throughscription, memoing,
member checks, expert review, and audit trailihscribed the audiotapes, analyzed the
results and submitted the analyses to the partitsgfar member checks. | used the
software Express Scribe to facilitate transcriptidagdan and Biklen (2007)
recommended writing observer comments after revigwhe transcripts and interviewer
notes. They recommended that the researcher nvateos about what they are learning
(Bogdan & Biklen, 2007). | memoed after many af thterviews (Appendix I) and kept
an audit trail of all documents. Guided by Goodr(2008), | assigned data codes to the
responses from the interviews and surveys. Good@&@08) open coded data from the
pilot study interview and created a set of inidatles (e.g., SL — self as learner; MT —
mother as teacher), utilizing these with the foraeth analysis. Similarly, with the data
from the pilot study, | created an initial set ofles (e.g., SS — self-study; ME — math

experiences) and refined them throughout the ppatit analysis. These codes helped
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identify patterns within and across cases. Ea¢hefl6 individual cases had a story to
tell (Yin, 2009), explaining their acquired mathermal proficiency, in their own voice.

As each interview was completed, | analyzed that¢ €ae., within case analysis)
with the data collected: (a) interview, (b) survég), mathematical self-efficacy scale
scores, (d) SAT and high school transcripts, ahdh@mos made after the graduate
interviews. The specific purpose was to build aplaxation as | analyzed the data
through the theoretical and conceptual frameworkss pattern was repeated for each
within case analysis. Data that fit with the exgpiion was literally replicated (Yin,
2009). Data that contradicted the explanation veasidered a rival theory. Subsequent
data that supported the rival explanations wasidered theoretical replications. The
general explanation was altered slightly as thearh continued, revising the original
statement or proposition (Yin, 2009). Tables 3y 5 summarize the theoretical and
conceptual frameworks used in the individual ara$sfcase analyses.

Summary

Yin’s (2009) explanation building theory was utdik to analyze the data
collected. Bronfenner’s (1979, 1999) theoreticafriework served as a filter for the
information collected about the homeschool grads&evironment, involving attitudes,
instructional practices, relationships, and physcaroundings. The data analyzed
included the interview transcriptions, the survesponses, the MSES scores, the SAT
and transcript documents, and the researcher meistesal replication of the data
provided common themes organized by pre-deterndagal codes. First, 16 within case

studies were completed, followed by a between sasky.

100



Table 5

Bronfenbrenner’s Four Ecological Syste(Bsonfenbrenner, 1979)

System Name

System Description

Microsystem

The interactions between the physluags and the relationships
(primary dyads, other dyads and triads) experiehgethe
developing individual in a regular, familiar enviwoent.

Mesosystem The collection of microsystems thatiinesloping individual
experiences on a regular basis.

Exosystem The microsystems of others members afytads that the
developing person does not belong to, but afféwgleveloping
individual.

Macrosystem The overarching geographic or cultgralip that the developing
individual is a member — it may also include theistal belief
system and structure that the developing individiuak within.

Table 6

Bronfenbrenner’'s PPCT Model (Bronfenbrenner, 1988plied to Homeschooling

Variable Types

Homeschool Applications

Process variables

Person variables

Context

Time

Mathematical curriculum, instomgtexperiences.

Perceptions, feelings, choicéswieschool graduate and home
educators.

The environment in which the experiencekiastruction took
place.

The evolving process as evaluated over tirhew-long did it take,
how did changes take place, why did the changesjkice.
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Table 7

Five Strands of Mathematical Proficiency Model fiéilrick et al., 2001, p. 115)

Component Description
Conceptual Understanding  Comprehension of matheelatncepts, operations, and
relations.
Procedural Fluency Skill in carrying out procedutesgibly, accurately,

efficiently, and appropriately.

Strategic Competence Ability to formulate, représand solve mathematical
problems.
Adaptive Reasoning Capacity for logical thoughtieetion, explanation, and

justification.

Productive Disposition Ability to see mathematisssansible, useful, and
worthwhile.

Trustworthiness

Also labeled rigor (Lincoln & Guba, 1986), trustwliness involves
confirmability, credibility, dependability, and traferability. In qualitative research,
confirmability is analogous to objectivity and citatity matches with internal validity,
of quantitative research. Dependability (qualitalimatches with reliability
(quantitative). Transferability in qualitative reseh is analogous to the external validity
of quantitative (Ary et al., 2006; Lincoln & GuhE986).

Confirmability deals with objectivity and neutrgliin research (Ary et al., 2006).
An audit trail provides the method for other resbars to be able to replicate the same
results from a given set of data. Throughout thidtincase analysis, peer review of
documentation was enforced.

Credibility relates to the integrity of the resdaéry et al., 2006). It establishes

the truthfulness or accuracy of the findings (Argk, 2006; Lincoln & Guba,1986).
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Method and data triangulation enhance credibilMdember checks and participant
feedback add to the credibility of the resultscHRilescription boosts credibility. Also,
Lincoln and Guba (1986) advocate prolonged engagerpersistent observation, peer
debriefing, and negative case analysis to incregebility. | employed five types of
data collection: survey, NAEP assessment, MSEStsesudepth interview (of student),
and document analysis (SAT scores and high scharaddripts) and several types of
analysis: transcription and thematic coding, memoaudit trail, expert review, and
ongoing member checks. These types of analysiscatthe rigor of the study.

Dependability in qualitative research refers toghasistency of the results, “the
extent to which variation can be tracked or ex@dinAry et al., 2006, p. 509). Use of
the audit trail establishes dependability (Arylet2006; Lincoln & Guba, 1986). An
effective audit trail includes thorough record kiegp raw data; careful notes describing
choices made about the research and its procedigtsled records of the research
activities; and rich journal entries of hypothekasnation (Ary et al., 2006). The expert
review of my dissertation committee members, albwihve conducted homeschooling
research, to corroborate coding techniques andhfysgddata triangulation, and methods
triangulation enhance the dependability of my regea

Transferability deals with the generalization af findings to other contexts.
Thick and rich descriptions, such as the use ofmgéul quotes, cross-case
comparisons, limitations discussion, detailed antofimethods, and reflective
statements are effective means of establishingfegability (Ary et al., 2006). Such
descriptive narrative is “developed about the cande that judgments about the degree

of fit or similarity may be made by others who nvaigh to apply all or part of the
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findings elsewhere” (Lincoln & Guba, 1986, p. 7An audit trail and updated reflective
journal provided rich descriptions and quotes aankgd'voice” to the participants.

More recently, Lincoln and Guba (1986) have progassynthesis of rigor and
reliability, labeled authenticity. This paradigntinded five criteria: (a) fairness; (b)
ontological authentication; (c) educative autheattan; (d) catalytic authentication; and
(e) tactical authenticity. Lincoln and Guba (1986jined fairness as, “a balanced view
that presents all constructions and the valuesuth@érgird them” (p. 78). Evaluators and
participants have been classified as equal resganthers. Fairness involved
transparency of the inquiry process fully infornaeshsent as a continual process, and
constant implementation of the member check prac@ntological authentication
included raising consciousness of some phenomerawopsly not (or little)
appreciated. Educative authentication represehteddtekeeper’s involvement in the
inquiry process, enhancing their awareness of tipeilation they serve. Catalytic
authentication attempted to give “voice” and empiament to the participant group, and
tactical authenticity evaluated the extent of theeg “voice” and empowerment.

Given my experience as a home educator, | vieweer ttomeschoolers,
including participants of this study, as equal pars in this research and | relied upon
ongoing member checks, provided to the participafies the analysis of their individual
case to enhance fairness. | believe it was crit@ahise consciousness about
homeschooling, given the constant challenges hglé&grs, public educators, and those
critical of home education, addressing ontologazghentication. Attending to
educational authentication, | kept the gatekeejpedved in this research process, being
careful to use pseudo-names of the participantg.ddsire in this research was to give

homeschoolers a “voice” and empower them to configieontinue the form of
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education they have chosen for their family, dephth catalytic authentication.
Potentially raising tactical authenticity, | alsesived to make known productive
mathematical strategies available for other homasaing families so that they could
evaluate and improve their own programs.

Acknowledgement of researcher bias is necessatyustworthiness (Maxwell,
2005). Personal, professional, and practical @stsrof the researcher need to be
identified to keep integrity within the project dgs and analysis. Honest evaluation of
the situation to self can reduce bias, protectmgyrest invalidation of the study. |
continually acknowledged my personal and professdibras through journaling and
discussions with my expert reviewers.

Ethical Issues

In keeping with ethical research principles, | dutug protect all participants
from any potential harm that might come to thenotigh my research. The identities of
participants and gatekeepers were protected. iseléda way to select their pseudonyms
and they were allowed input with their member clse®one sought to change those
pseudonyms. The gate-keeping institutions weretiiilesh by geographic location and
general description pseudonyms such as VAC (Viegamiline institution affiliated with
an accredited college) and NCS (North Carolinang@éousiness). Confidentiality is the
top priority to the American Psychological Assomat(APA, 2010). In case study
research, the APA recommends preparing the deseripgase material and handing it
over to the subjects of the study for their writtgproval. | followed this advice by
obtaining written consent prior to the study andvging the data analysis of the
interviews for member checks. Also, | made avéédbe conclusions to the

participating families for their information. Onanhily sat down with me after their
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interviews and | debriefed them on the progreghisfstudy.

Addressing security and confidentiality concetrstpred all raw data in locked
or secured cabinets and password protected comidaser Video recordings and
transcriptions were stored separately in secuid@e areas. All backup copies of the
information were stored separately in a locked etbi The expert reviewer was the only
person with access to the raw data with pseudomysested. All research raw data will
be destroyed five years after project completion.

Integrity remained my goal. | sought to condughantic homeschooling
research that accurately portrayed what mathenhatiethods homeschoolers utilized. |
acknowledged my positive bias towards homeschophbogl presented the results in an
accurate way, even if the results did not posifivepresent homeschooling practices.
Researchers must take care to carefully collecti#ite, accurately represent the “voice”
of the participants, and truthfully display theuks, whether or not the findings coincide
with their beliefs. | intended to be an exempl@tyistian example through the entire
research process, keeping in mind “Work hard sbytbia can present yourself to God
and receive his approval; Be a good worker one @ddes not need to be ashamed and

who correctly explains the word of truth” (2 Timgt@:15, NLT).
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CHAPTER FOUR: FINDINGS

The purpose of this study was to understand ankhiexipow mathematically
proficient homeschool graduate acquired this preficy. This multiple case study
focused on the central research question of how tteehomeschool environment,
including attitudes (of both graduate and educatanstructional practices, relationships,
and physical surroundings (may include more pléicas the home) contribute to the
mathematical proficiency of the homeschool gradiidtesre sub questions guided this
study: (1) how do the homeschool graduates destngr mathematical homeschool
environment, (2) how do the homeschool graduatssrie their mathematical self-
efficacy, (3) how do their home educators desdtieer mathematical self-efficacy, (4)
how do their home educators describe the gradulavereeschool environment, and (5)
are there any apparent patterns or relationshipgelea the descriptions of the graduates
and their home educators concerning the homesemy@onment and their
mathematical self-efficacy?

This chapter contains 16 within case studies, Wi by a between case study.
Both the within and between cases are analyzedghrthe filters of Bronfenbrenner’s
(1979, 1999) ecological theoretical framework amelNRC’s (2001) Five Strands of
Mathematical Proficiency conceptual framework. ta between case study, | used
explanation building (Yin, 2009), to highlight Ired replications of the within cases. This
was done to understand and explain the graduatgaisation of mathematical

proficiency.
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Participant Portraits

Each of the 16 graduate participants represent@adandual within case study,
organized by family names. Family demographics@aréntal information preceded the
graduate presentation. Interview, educator surviSES scores, NAEP assessment,
SAT score report, and high school transcript dada tsangulated, synthesized, and
presented as a participant portrait. Appendicescbfitain additional details.

Cox Family (Ned)

The Cox family resided and homeschooled in a S@aitolina suburb (66,000),
within 25 miles of a large metropolitan area (79@)0 This family consisted of two
Caucasian parents and four biological children.iffin@meschool program continued for
23 years. Three of the four completed their K-1@cadion at home, while one went to
public high school, 10-12. The youngest, Ned grésthihis K-12 homeschool in 2011.

Ned’s parents devoted time and resources todhisagion. Their homeschooling
motivations included faith and individualized, fiebe schooling. Ned saw it as family
unity and his mother, “wanted to be sure to speondertime with us.” The mother
previously worked as a RN, before she became iheapy teacher. Both she and Ned
shared that she found math difficult. Confirmingtither MSES scores showed a wide
spread, a 7.4 on the everyday math tasks and@4ath courses sections. The total
score (6.1) ranked in the female 60 percentile i@ aB). This indicated confidence with
practical math, but not with upper level math. Téher, a retired radiologist, helped
with harder math courses, because he liked madiidably, his total MSES score (8.1)
ranked in the male 90 percentile. They outsourced’ sNmath from eighth grade on.

Ned. In the den of his parents’ home, this astutgesie, 19-year old young man

willingly answered all questions in his 28-minuteeirview. He believed that
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homeschooling provided a “perfect fit for his perality” and his mother verified that.
His homeschooling math experience afforded him ltést plan for myself” and his
mother called it “adequate.” Aligning with his kef, he scored in the top 7% (The
College Board, 2012) with his SAT math score (7&%) in the male 95 percentile (Table
10) with his MSES score (8.8). Also he fulfilled #de mathematical proficiency
components with his: NAEP score (90%), explanatems justifications for the NAEP
items, MSES score, and certainty that mathemataswgeful, sensible, and worthwhile.
His high school transcript verified excellent gradalgebra 1 through Calculus 2.

Despite his stellar performance, math frustrated droughout his homeschool
years. He affirmed his flexible homeschool mathegignce as, “it fit my personality
with how | get frustrated and | would still be abdecome back and not be penalized . . .
eventually . . . learn what | needed to learn.” Nadtakenly thought that math should
come easily and he revealed, “I didn’t understakat af the things initially because you
have work at it. When | was younger, | didn’t eglyrgrasp that concept. . . . | thought
that it was supposed to kind of come to you.” Hagled with his math work, even to
the end of high school, describing it as, “To teeywend of the last couple of math
classes. . .. Math was always a source of frustrdor me.” Although the mother did not
mention Ned’s frustration, she expressed that shddwhave “gotten more outside help,”
if she was to make any changes; this may be anahdn that Ned struggled with math
at home. His chemistry major helped him to seesthdy of math was worthwhile,
stating, “I found out that there’s a lot of mathcimemistry. . . . So that's another reason |
had to start liking math. . . . But . . . did net ¢oo fond of it.”

Ned’s homeschool instruction included: direct teag from his mother, a

consistent schedule, personal attention from hisrig, Saxon curriculum, progression to
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self-study, and outside classes. Both Ned and bithen reported direct teaching in the
early years, followed by a progression to self-gtusing Saxon. He described, “As | got
older, it became more and more that | had to gband make sure the check marks were
all in the assignment book and actually takingtédst problems . . . and do them
seriously.” Saxon was tedious but provided neededtition; Ned related, “I had Saxon
math for a long time. . . . Sometimes | wantedumbmy Saxon book. . . . It's very
tedious but | definitely needed some sort of revimse and there.” From eighth to tenth
grades he attended a university model school, wiiehthree times weekly for
homeschool students. Ned enjoyed and learned tnesetclasses, reflecting, “After we
heard so many different things so many times fremitreally did start to stick . . . she
had a passion for math . . . and it made it thatimhetter for us.” He liked the self-study
at home and the university model, “both of thenttgrequally.” Both served as building
blocks for the next level of math; he confirmedwuldn’t be able to understand any of
that [algebra] if | hadn’t learned from my paretite more basic things earlier on with
Saxon. . . .The algebra | learned from [universitydel] . . . has stuck with me.” His
math classes at the community college had a downsaiuding, “We wasted massive
amounts of the day because one person . . . diddérstand it yet . . .we didn’t get
through as much in calculus because there . .e mare people holding it up.”

Ned experienced good relationships with his fanilg viewed his parents and
siblings as resources, reflecting, “I definitelyeded their structure on me to make sure |
was getting through enough of it in a timely manhide appreciated his parents’
persistence, describing, “My parents were on meyehay to make sure | was doing
[math]. . . .The personal attention from my parentsreally helped me understand.”

Their patience paid off; he admitted, “Sometimasuld storm off . . . eventually |
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would sit back down. . . .They were like, are yeady to learn this now?” His mother
provided, “a tender touch”, while his dad showedugh love.”
Ford Family (Cali and Sue)

The Ford family resided in a South Carolina sul{é000), within 25 miles of a
large metropolitan area (750,000). This family ¢stesl of two Caucasian parents and
two biological children. These two sisters compateost of their K-12 education at
home, the younger Cali, 2-12, and the older, Stk.Both participated in this study.

Cali and Sue’s parents assumed different rolesy Wanted to provide a good
Christian education for their children. Cali thoudty parents believed that the
education was not as good in the public systenoaklde given at home” and Sue
echoed that view, “the quality of education andmmther wanted to be able to tailor my
education to my needs.” The mother instilled a gawodk ethic; Cali remembered, “Must
work before you play.” Formerly employed as an stdal engineer, the mother acted as
the primary teacher. She liked math and considersdong math foundation very
important; it was useful for science. Part of heé8B6 scores reflected that, 7.9 on
everyday math tasks and 6.4 on math courses, tnajceonfidence with practical math
and less certainty on college level. The mothetaltscore (7.2) ranked above the female
90 percentile (Table 10). Cali reported that hethmag “still can do her basic math . . .
geometry she was very good at it and . . . algshess good at.” Sue included, “My mom
was always very adamant about everything in my lsaim@oling. That everything was
good and necessary and my dad supported her.” gfmstthe homeschooling, Cali's
father worked as a controller, dealing with compangnces. Unsurprisingly, his total

MSES score (8.4) placed him near the male 95 ptleen
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Cali. Bright and precocious, 19-year old Cali willinglgswered all questions in
her 38-minute interview. This took place in my homear to her parents’, for
convenience and to visit with my daughter aftersa&he positively described her
homeschool math experience as, “It was um, verylgoo. I'm really glad | was
homeschooled in math.” Cali felt well preparedlier Biology major (and possibly
Chemistry minor) at college, asserting, “I've takéinemistry at [university] and have
been A-Ok with all the math in there. . . . | wéll so prepared for the chem . . . basic
math principles.” She called herself, “a little imaind science buff.” Aligning with her
perceptions, Cali scored in the top 13% on the &#ith (The College Board, 2012) with
a 660, and her MSES score (7.6) ranked in the @@lpercentile (Table 10). She
satisfied all requirements for mathematical preinay: NAEP (80%), explanations and
justifications for the NAEP items, MSES score, &etlef that mathematics was useful,
sensible, and worthwhile. Her high school trangorasified that she completed Algebra
1 through College Trigonometry, earning very gooadgs, 90 and above.

Although Cali enjoyed math, she became frustratidid it at times. It stressed her
because, “l would work through them [problems] cared over again and not get it. . . . |
would stress out if something took me too long.'t,Xshe believed it to be for the best,
stating, “It was quite stressful for me going thgbuhe answers not understanding and
having to go over them and go over them until ligot . but it was good because that’s
the way you learn.” Aligning with that, her mothreported, “We spent much time on
basics, much repetition of math facts—made surggeh&undation—worked hard on
math daily. We repeated if she didn’t understaidhis affected the mother daughter

relationship. The mother alluded to this and Galealed, “Maybe | didn’t always enjoy
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being at home all the time cause sometimes itttla irying on relationships, especially
with my mother.” Yet, Cali reflected, “I will be etnally grateful.”

Cali’s instruction was structured and consist8&hie and her mother discussed
one-on-one instruction in the early years. Calcdbgd the rigor of mastery learning,
“So, we would work on them until you got it righttil you understood. . . . Everything
was checked that day and redone that day. It wasfresh.” She progressed to
independent study with algebra and pre-calculusrelietd on her mother for geometry.
She remembered, “For algebra . . . | didn’t realhgd my mother’s help. . . .With
geometry she helped me a lot. . . pre-calculusk tesing a Chalkdust video. . . . 1 did
that myself, almost, she corrected my work.” Cakd a variety of curriculum, but only
remembered the Chalkdust. Her mother reported §itbee being Saxon. Cali’s
homeschool math was completed at home, until reossgear, when she attended a
community college for two math classes. She redlctit says something that | could go
to a tech college and not learn anything [new]l.may have learned a little bit but
everything else was review. . . . I'm really gladid that and then | went off to college.”

Despite her overall positive attitude, two thimgsicerned her: her SAT math
score and not taking Calculus. Her 660 math scisiaggointed her, stating, “l am
dissatisfied with my SAT scores in math. | feeklikshould have done better, because
I’'m not necessarily a great test taker.” That seemeredible; in this study 660 was one
of the highest female SAT scores (Table 1). Albe, shared, “l wish that | had taken
Calculus. That was one thing | really wish | hadi€lo. . so that | would feel better about
going into college taking a college level Calculu$owever, Cali expressed confidence
in her abilities by stating, “I feel like | know twoto work hard and how to renew self; |

guess that’s probably self-study. . . . If | damiderstand it, | can learn it.”
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Sue Amidst a middle class neighborhood a few milesfther parents’ house,
22-year old Sue ate the Chinese food | broughetadnted house. She willingly shared
her homeschool experiences in a 26-minute intervidiirming the flexibility of
homeschooling, she said, “I rode horses profesbBignehile in high school that afforded
me a flexible schedule so that | could completesghyooling and pursue my interests.”
Sue described her homeschool math experiencetagasla positive experience. . . . It
prepared me well for college. | felt capable anafipient in all of my college math
classes. That | had the tools | needed to succeetthe basics of algebra and geometry.”
Verified by her high school transcript, her SAT matore (620) and her good grades in
high school Algebra 1 through Calculus and coll€géulus 1 and 2, aligned with her
perceptions. Also, she fulfilled all five strandsneathematical proficiency: NAEP
(90%), explanations and justifications of NAEP igeISES score (7.6) ranking of 90
female percentile (Table 10), and belief that nvadis useful, sensible, and worthwhile.

Despite her good performance, Sue experiencettdtios with math. She
expressed her stress as, “Math is probably mauetsted . . . [took] an hour to an hour
and a half daily. . . . | remember not enjoying mgth. | remember sometimes the
lessons taking a long time.” Yet upon reflectidme sacknowledged, “I didn’t enjoy that,
but I'm sure that it was good for me. So, | dordivh any regrets. . . . | don’t know that |
would change anything.” She specifically remembesttedggling with her community
college math classes after a break in her matheahatiudies. Sue related, “I had
possibly a year, year and a half gap . . . to whenk trigonometry . . . | had forgotten a
lot of my math. . . . I did work hard and ended. up with an A.” The mother reported

that this situation was so stressful that she didonsh Cali into calculus, as she had Sue.
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At university she recalled, “I had been out of mimthabout a year and a half and it was
just an adjustment period. . . . | did make an gimcourse. | took Calculus 1 and 2.”

Sue homeschool instruction included: direct teaghprogression to more
autonomy, mastery learning, use of Saxon curriculml community college classes.
She related that her mother, “would sit down with for my lessons and help teach them
to me.” Her learning became more self-directed,emimering, “As | got older, and more
independent, | taught most of my lessons.” The erotéported reworking of incorrect
problems and Sue remembered, “Incorrect problenme vesvorked. Potentially, if | was
only working even numbers and | had a trouble sgwre | consistently missed a
problem of the same type, | could also go backvaoidk the odd numbers.” About
curriculum, Sue simply stated, “We used Saxon &tar mother described others, as
well as Saxon. Both Sue and her mother referredeg@ommunity college classes.

This confident young woman graduated from univgrgisemester early and then
started working full-time in marketing. Sue feltrheschooling was, “a really good fit for
my family.” Notably, she runs a business on the siiying, training, and selling horses.
Hall Family (Ela and Ola)

The Hall family resided and homeschooled in a B&idrolina suburb (11,000),
within 10 miles of a large metropolitan area (7800 The family consists of two
Caucasian parents and four biological children, Wwaee been homeschooling for 15
years. The oldest females, Ela and then, Ola, cetegbtheir K-12 education at home;
two younger children continue to homeschool. Eld @fd participated in this study.

Both parents greatly contributed to Ela and Ofaathematical program.
According to the mother, they home-schooled toltide spiritual training/guidance

along w/ academics.” Ela believed, “Primarily fefigious reasons” and Ola confirmed,
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“They felt that God was calling them to . . . belm@gme educators. . . .They believed that
that was the best way for us to receive a goodaauc” They desired to instill a good
work ethic. The mother wrote, “School was their,j@¥ork, then play.” Ela Before
homeschooling, their mother worked as a certifiethentary education teacher.
According to Ela, her mother had trouble with matiil high school. She informed, “she
feels like if she had had personal one-on-one tadteand a better teacher earlier, she
would have started enjoying math.” Providing hatdtlen with a good math background
may have been another incentive to homeschoolM$#S scores reflected a strong
confidence in practical math (8.4 on Part I), buicinless confidence with math courses
(6.5 on Part Il). Her total score (7.2) placed Ibetween the female 80 and 90 percentiles
(Table 10). The mother, Ela, and Ola highly respethe father's mathematical ability.
He worked in banking and had earned degrees in amatleconomics. Ela affirmed, “My
dad always loved math. He did extremely well incgadhy Ola asserted, “My dad,
definitely, math, science genius”, and the mothiedited him and the Saxon curriculum
for the girls’ mathematical proficiency. He tutoreld daughters in the harder math
classes. Unsurprisingly, his total MSES score (Baked above the male 95 percentile.
Ela. Confident and articulate, 19-year old Ela willypgarticipated in a 41-
minute interview, held in her parents’ upper midciss house. She believed that
homeschooling cultivated learning, sharing, “My esence has been that it fostered a
love of learning because | was able to focus amgthi really loved. . . . I love to learn. |
love to study.” Her mother verified Ela’s respondescribing her as, “glad to be
homeschooled . . . self-motivated and taughigood problem solver.” Ela felt very
prepared for college, affirming, “For the most paot only have | been equal to the level

academically with other people | come into contaith in college, in some ways | was
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even more prepared academically just as far asitgpon my own.” She has taken four
semesters of calculus for her chemistry major aslrhaintained a 4.0 GPA at college,
recently installed into an academic society. Hghlschool transcript verified her SAT
math score (620) and her Algebra 1 — Calculus mettes (all As). She overwhelmingly
satisfied the five components of mathematical preficy with her: NAEP (100%) score,
detailed explanations and justifications of NAEEmSE, MSES score (8.7) ranking above
both the male and female 95 percentile (Table &J,her firm belief that mathematics
was useful, sensible, and worthwhile. Amazingly Bad not always thought this way.

Ela struggled with mathematics until middle schavlhich time her attitudes
drastically changed. She discovered a love for csteynwas influenced by her father,
and became serious about her faith. Ela discld#edund seventh or eighth grade time
when | decided | loved chemistry and then in th@ngrade . . . | started to see the
usefulness of math.” Her father’s tutoring and casations with her affected her
mindset; she revealed, “My dad starting helpindwwaath in the evenings . . . in seventh
and eighth grade . . . having my dad tutor me ftiinchigh school in the evenings . . .
changed my attitude. . . . Obviously, this was vergortant.” They would discuss
mathematical applications; she reminisced, “matjoiag to explain not only physics
and chemistry but . . . explain every biologicalqass quantitatively.” Ela considered her
faith integral to her studies, declaring,

School is part of my faith. . . . Eighth grade | became very serious about my

faith and took it on as my own. . . . It was kirfdadurning point and | decided |

really needed to take my studies seriously.

Ela’s math instruction consisted of: direct teaghiself-study, consistent

curriculum, mastery learning, tutoring, and dedaratHer mother read the lessons to her
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during the early years, using ABeka curriculum. parents purposively transitioned her
to Saxon curriculum, where she became more indegpénila reflected, “In the late
elementary and middle school years . . . I'd gonfleeing taught by my mom to being
self-taught. . . . The biggest part of that waspasents’ desire for me to become self-
motivated and self-taught.” The mother confirmestrdctured curriculum; self-study;
tutoring.” They used Saxon from the fourth to twelrades. Ela related, “In the fourth
grade, we switched to Saxon because my mom féel$He repetition and the constant
review of older problems is really helpful. . . akthas been really helpful for me.” Her
parents stressed mastery; Ela confirmed, “Whert thangs wrong . . . we’'d go back and
rework the ones we got wrong until they were righitat was useful . . . In Algebra 2, my
dad would start checking the lessons.” She speghrtime, stating, “Ninth, tenth grade .
.. two to three hours . . . pre-calculus and a@gfigcalculus . . . three to four hours.”

Ela completed all her homeschool math at home, gmentary, directly taught
with her mother, to middle and high school, guitdgcher father. She tutored her younger
siblings as well. Their location and mindset cdnited to this situation. The mother
shared that the nearest community college wasaioaviay to consider that option. Ela
liked the independence and ability to focus in engtudies. Yet, despite the advantages
of independence and her father’s expert help, skedrone disadvantage as,
“Disadvantages, | guess that would be the lackofig work. . . . | think it would have
been a good thing to be able to build those grougbysskills.”

Ola. Following her sister, 18-year old Ola interviewed 32 minutes. This
pleasant young woman eagerly answered all questi®he freely shared her faith,
disclosing, “Having that grounding in the Bible viny parents integrating that as well, |

think that that was really good for me; it helped ta grow in grace as well as in
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knowledge. . . . | am a Christian.” Ola treasuredimomeschool experience, voicing, “I
love it! I would not have survived without homesohng. . . . Knowing that my teacher
loves me and cares about me and wants me to sukasdzken really great for me.” She
appreciated the flexibility of homeschooling, “wgbheduling, really great . . . to go on a
field trip or visit family, but take school with yo. . .In high school . . . | would do math
at night . . . when my brain sort of starts functng.” She especially liked math, sharing,
“I love math. . . . | loved doing it because it Gasasily and so it was kind of like solving
puzzles.” Her mother verified Ola’s responses dbsag her as, “thrilled to be
homeschooled . . . self-motivated and taught, gseocessful.”

Ola felt well prepared for her upcoming college nembatics, informing, “I'm
going to be very well prepared, especially as aicragjor . . . math is the foundation of
music. . . .That’s just going to really help mdaheory classes. . . . My major requires
only Math 101.” Confirming Ola’s confidence, heghischool transcript verified a good
SAT math score (660), in the top 13% of test tak€he College Board, 2012) and
excellent grades in Algebra 1 through Calculuspiegrall As. Ola overwhelmingly
fulfilled the components of mathematical proficigmwth her: NAEP (100%) score,
explanations and justifications for the NAEP iteSES score (8.1) in the female 95
percentile (Table 10), and her strong convictiaat thathematics was useful, sensible,
and worthwhile.

Ola’s math instructional experiences includedediteaching, progression to self-
study, ABeka and Saxon curriculum, mastery learnamgl tutoring from her father. She
explained the mother’s role and the progressiaetbstudy, “In the younger years, she
would read the lesson to me. Um, probably did tipeto . . . sixth grade . . . but after that

... | started doing it by myself.” She enjoyed textbooks, describing, “When we
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started out we used the ABeka curriculum. . wds really good. . . . Fourth grade we
moved into Saxon math, which | absolutely loves lot repetition . . . through my senior
year.” Both parents helped her with mastery leayngée recalled, “My mother would
correct the lesson. . . . If | couldn’t solve them | would either go to my mom . . . or if
she didn’t know how to do it, | would go to my da@ihe mother verified the dad’s
tutoring. She also went to Ela for help in calculwben she was home from college.
Occasionally, Ola helped by tutoring her youngethoer and sister.

Jones Family (Tad and Rob)

The Jones family resided and home-schooled inudhSoarolina city (130,000).
This family consists of one Caucasian and one m#aian) parent, with six biological
children. Their homeschool program has continue@@oyears, graduating the three
oldest; the three youngest still homeschool. Bistfi@d and Rob participated.

The mother and father took different roles in ttmimeschool. The mother
related their primary motivation as, “to be abledach them from the Bible and to
protect them from ungodly influences.” Tad confidn&rhey wanted us to be taught
through like a religious system of education” arabReiterated, “Probably religious
reasons, ah, to keep us insulated from other kiusmight lead us astray morally.” The
mother directed the homeschool activity, especthkéymath part. She loved math and
had taught middle school, but did not finish heatiieation program. Both Tad and Rob
valued their mother’s expertise with math. Rob dbsd, “That’s one advantage that we
had having a mother who has a Masters in mathShe wanted us to love it and care
about it too, which we did in time” and Tad echo&&he did her Bachelor’'s and

Master’s in mathematics.” Tad thanked his mothterafards; she reported, “At the end
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of it all he said: Thanks for teaching me Mom; @sxfun.” Her total MSES score (8.7)
exceeded both the male and female 95 percentilsd&TL0), reflecting their remarks.
Their father worked to support the homeschoolirad €xplained, “My dad like
was always working to support the family becausadgchooling is not necessarily
cheap . . . more expensive than public schooturriculum and books . . .
transportation.” Rob described him, “He runs thaeistry for . . . students . . . buys
apartment buildings . . . rents them to universitydents. That’s a whole lot of finance
and business. . . . Problem solving . . . does @yl lot in his work.” The mother
explained, “My spouse does not like math coursessbal business/banking genius.” His
MSES scores mirrored those comments, with a 9ihemrveryday math tasks and a 6.5
on the math courses. His total score (7.8) rankdaiden the male 80 and 90 percentiles.
Tad. In his parents’ upstairs apartment on a busystiget, 21-year old Tad
freely participated in the 48-minute interview. $lprodigious young man provided rich
dialogue about his homeschool experience. Tad itbeschomeschooling in economic
terms, asserting, “To a certain degree, [its] @aldind of education. Like it's a free
market solution . . . personally tailored to evsingle one of your kids.” He appreciated
its flexibility, describing, “I think it was reallgood. . . . | could do what | wanted. . . . |
play a lot of guitar. . . . And allowed me to bieelivery self-driven. And | was self-
motivated because of it.” He felt well prepareddollege mathematics, elaborating, “I
think kids who are homeschooled tend to do betterl think | was very well prepared.”
He described it as, “It was kind of like a push anglll. Like, | pulled myself because |
liked it and | was kind of pushed into it by my eats.” Confirming his perceptions, his
high school transcript verified his stellar SAT matore (780), scoring in the top 2%

(The College Board, 2012) and his excellent granlddgebra 1 through Calculus 2,
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earning all As. He took his calculus classes atigausity honors college as a high school
student. His male 95 percentile (Table 10) ranke&@E® score (8.7) further corroborated
his statements. Tad prodigiously established madlieai proficiency with his: NAEP
(100%) score, unique problem solving strategiesjastifications for all NAEP items,
MSES score, and his robust view of math’s usef@nssnsibility, and worth.

Tad’s accomplishments extended beyond mathem&tiging homeschool, he
stayed active describing, “It was broad . . . Bkeride range of things. | had a music
teacher; | swam for a swim team. . . . | ran far@ss country team . . . played soccer for
a recreational team.” He greatly enjoyed, “Writlmecame one of my favorite things . . . |
did homeschool debate. Um, so I did that for faearg, | think. And that was something
| really, really, really enjoyed.” Tad also pursuedsic, relating, “I competed in guitar
and performed a lot in guitar.” He continued witlt, double majoring in Biological
Sciences and Classical Guitar in a prestigiousarsity in California. Now he has
completed his first semester at a well-known mddichool in Maryland. Yet, his only
objection with homeschooling involved socializatibte clarified, “The social aspect of
it was like kind of one of the more difficult thisgAnd transitioning to university was
also kind of complex, given my homeschool backgtbun . It wasn't like the easiest
thing at first.” Yet, he reflected, “Now looking tlaat it, I'd say like I've learned, yeah, |
know what it means to learn and be happy.” His raotabeled Tad as, “He was a
breeze. He was so advanced and | could relax &s$tisg.”

Tad’s thorough homeschool instruction includedect teaching, rigorous
curriculum, learning in a group, mastery learnisgf-study, and university classes.
Through most of his homeschool math, his mothénfialy taught Tad, his sister, and

sometimes other homeschoolers with a rigorous matticulum. He detailed,
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Usually me and my older sister. . . . Just my mating down with us, we’d read
the chapter together. And then, we tackled sonteeoproblems . . . once some
friends came over . . . same style, just extra lgeop . The University of
Chicago. . . . the mathematical curriculum thaytpeblish. . . . It's a large, large
textbook. Um, tons and tons of like detail put ieteerything. . . . It wasn't a
homeschool only curriculum. But the way it was deted was very homeschool.
... One teacher to two students, so, lots ofgrerisattention, lots of getting
pushed, um and a lot of one-on-one instruction.
The mother reported the curriculum as, “UniversityChicago Student Math Project
(USCMP). It is real situations in the world—appliedth/scientific.” She showed me
one of the course textbooks; it was thick, colgréud full of pictures with real-life
applications, just as Tad and she had describecbrding to the mother, Tad progressed
to self-study in pre-calculus; then he attendedutiigersity honors calculus classes. His
mother stressed mastery learning; he related, éltiid not get good scores on the A
sheet . . . we would retake it if we didn’t get Bitking right.” The mother added, “If he
got something wrong we went over it.” The book hade finished, taking the summers.
Tad explained, “Didn’t get that many breaks over shmmer. We kind of had this
structure idea that we need to finish one texthquarkyear. But it never really like exactly
worked out to just fit into the school year.” Higarous training allowed him to excel.
Rob. Interviewed for 41 minutes in his university daony lobby, 20-year old
Rob thoughtfully answered all questions. As themview progressed, he became more
comfortable and was very informative. He shared ltleshad also done research and was
familiar with the IRB process and gathering papieits; making him willing to help

other researchers. Rob described his homeschaadirtginique . . . at home all day long .
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.. with mom teaching them . . . until middle schoo. we really started taking classes
with other teachers . . . like a mini private sdh@ovironment.” His mother added, “He
was very creative. . . . Homeschooling was the thasg). . . . At school he would have
been constrained to a desk for hours and woulth&¢ had the opportunity to do the
things he liked.” Rob felt well prepared for hidlege math courses, explaining, “I knew
that | was prepared for college math because dlraddy taken college math. | took
Calc 2 my first semester here. It was easy.” Alignwith his perception, his high school
transcript verified his top 3% (The College Bo&@12) SAT math score (750) and
excellent math grades, Algebra 1 through Calcliis mother called him, “a great
student.” Rob achieved mathematical proficiencgypd by his: NAEP score (100%),
explaining and justifying his problem solving segies for the NAEP items, MSES total
score (8.6) ranking in the male 95 percentile (€dlf)), and his love of mathematics. He
double majored in Computer Science and Politicaise.

As with Tad, the mother provided a rigorous, thugto math program. Rob used
the same UCSMP texts as his siblings. However gldedme-on-one instruction,
describing, “Most of the time spent on math workswvith my mom, one-on-one . . . at
our school table. . . . She would basically jusidréhe textbook; | would listen. Um, and
once that was done, there was always exerciség indok.” Although the time
fluctuated, every textbook must be completed, heerabered,

There’d be weeks where it was somewhat consisiéete were also times . . .

we would not do math for several days. . . .Thernwwald have to overload the

next week. . . . But it all got done. . . . Andrthge would have to do it during the

summer . . . always had to finish the book; we wémone until we were done.
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Rob provided more detail about the mastery learratagifying, “With incorrect
problems, my mom would make us like do homework lammework until we didn’t
make any mistakes.” This practice included testsexplained,
If I made a couple of mistakes on the test. .he ®@ould make me take the next
test and if | didn’t get that perfect she’d make tadee the next test and the next
test. So, that was kind of the rework until mast&g, no tolerance for mistakes.
Rob did not mention self-study, but his mother régah “The last two books . . . he did
on his own and came to me if he didn’t get somethiRob enjoyed his calculus class
the best. His mother reported, “He took calculudwd enrollment at [university] and
probably enjoyed that the most with the challengg the use of the computer.” Not
nervous socially, but academically, Rob reminisced,
| was a little bit worried if | was going to be paaed for it. But then | quickly
found out that . . . it was not hard to get gooalgs in that class. | was actually
really good at it. | really enjoyed it . . . We tead about Maple, which is a math
software. . . . | didn’t really think about the féifence in social context. . . . In
high school, we took a lot of classes with homestdrs and other teachers. . . . |
was actually surprised that even in the honorsgell there were so many
students that would never show up to class anddvost talk to each other
during class. . . . I hadn’t experienced that mtlomeschool world.
Insightfully, Rob reflected on the tension in math experience. He considered it
stressful, explaining, “For the most part, probatihessful. . . . | enjoyed the material.
But during the lessons, it was usually stressfuld Ahe interaction was limited to . . . my

mom and | . . . and it was stressful”, which heiladtted to his teenage rebellion phase as,
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There were definitely times when having to be taugath by your mother was

not always the most enjoyable thing, just causeag based on her schedule. . . .

It was just a lot of my youthful rebellion agaimsy mother’s desire for me to

learn.

His mother wrote that, “It may not have been swggoyable . . . but he was very
grateful . . . at the end of the summer and ridfier dhat took the [university] math
placement test; he was so ready and aced it.” Betp@ tension, Rob acknowledged,

Another time | definitely would have said that 1w have like to have a class,

um, just that it wasn’t one-on-one. But in retradpgbat was probably more

beneficial for me. . . . I might not have likediit | don’t think | would, like now
if I could change it, | don’t think | would. . I think it was great.

At the end, Rob pondered, “The past couple of yeaesvondered how all of us
are good at math. . . . It's weird that all of ue pretty apt with math and problem
solving.” He then speculated, “I wonder if it hasto with math specifically with the
way my mom taught it or was it just our generaldsraic experience [homeschooling]
that brought up every single subject.” This summmdmotive for this inquiry.

King Family (Wes and Mae)

The King family resided and homeschooled in a B&idrolina city (130,000).
This family consisted of two Caucasian parentstanek biological children. All three
completed their entire K-12 education at home. fMi@meschool program continued for
16 years. Wes, the youngest, and Mae, the middlie, gfarticipated in this study,
interviewing at a Dunkin Donuts restaurant, a feilesifrom their parents’ residence.

Both parents participated with Wes and Mae’s niadtruction. Their reason for

homeschooling included, “poor schools in area and @us character as part of their
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education.” Mae echoed, “My family lived in a schdgstrict that wasn't the greatest. . . .
They also wanted to be able . . . to teach us &dDhristian perspective” and Wes
verified, “We were kind of were in a bad schooltdes.” Both parents thought math
proficiency important. Wes stated, “Both my parémk it's important to be good at
math” and Mae added, “They are both very suppodiMeeing proficient at it [math].”
The mother acted as the primary teacher and caastirthe homeschool. She used,
“basic math as a swim coach.” Wes and Mae confirthatitheir mother helped with
math until the harder classes. Her MSES everydai taaks score (7.6) reflected
confidence with practical math applications andtbéal (7.1) placed her between the 80
and 90 female percentiles (Table 10), displayif@rdy high math self-efficacy.

The father helped with the harder math classesoitg to the mother,
“Husband uses math as engineer and enjoys it.”itWesmed, “My dad loves math.
We've had competitions against each other. . . dsly does math a lot with his job.
He’s an engineer” and Mae reported, “My dad’s agirsger and knows math and is able
to use it. . . . The upper level math, my dad hetlwéh.” Predictably, his total MSES
score (8.7) exceeded the male 95 percentile (TEble

Wes The youngest, 20-year old Wes seemed reticdimsgtbut became more
comfortable, during the 25-minute interview. Excipta couple of clarifications on
curriculum, his mother sat quietly nearby and dilmut the educator surveys. Wes
answered all the questions and offered extra eapitams when prompted. He enjoyed
math, stating, “Math, | just find fun. Like the sely [MSES], | thought it was fun. . . .
Sometimes | do math problems in my head, justdar fo pass the time.” He positively
viewed his homeschool math experience as, “I wealdoverall is good. | think | did

well. I've done well in my college math courses amdthe SAT.” His high school
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transcript verified good grades (90s) in Algebithrbugh Pre-Calculus and his top 7%
(The College Board, 2012) SAT math score (700).

However, his MSES scores reflected a large spié8yn everyday math tasks
and 6.1 on math courses. This showed confidendemgtctical math but insecurity in
math-related college courses. The low part 1l sediected his total score (6.7), placing
him in the male 60 percentile, well below the ssaveboth his parents and his sister.
This did not match with his other performance meskét the time of the interview, he
was not planning to return to college that semestdrwhen | sent out the within case
studies for member checks, the mother informedhatWes was working with a
Christian landscaping company. This may be a fanottre low part Il score. However,
Wes satisfied all five strands of mathematical jgiehcy with his: NAEP score (100%*,
Appendix Q), very clear and precise explanatiortsjastifications for NAEP items,
MSES score (60 percentile, above 50%), and valubuated to mathematics.

Wes perceived one disadvantage. He wanted to bedumeers, noting, “It did
get lonely without having other people around.drdi like that, especially around the
end of my homeschool years.” Wes wanted to attedigpschool, but his parents kept
him home. He explained, “I asked my parents ifuldggo to public school in tenth grade
to play soccer for high school. But they wouldet ine cause they thought | might be
badly influenced.” His mother reported that Wesuieefl boundaries, writing, “Wes had
the most challenges of our children, because heattg needed more structure and
accountability.” She acknowledged his personalty“BlE IS SOCIAL, so probably
missed interaction.” Yet, Wes affirmed his homestlas, “It was overall very positive.”

Wes’ mother tailored his homeschool instructione &ught him with

manipulatives in the early years. He recounted gOfithe earlier things | remembered
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was . . . multiplication problems; | wasn't gettittgem . . . we had . . . math wrap ups.
And it was fun. . . . I'm a hands-on learner, shdlped me.” The mother verified the use
of, “a lot of manipulatives like math wrap ups”oag) with, “ ABeka for younger grades .
.. Saxon for some middle grades; Chalkdust videokigh school, ABeka for Consumer
Math.” Wes remembered self-study with Saxon anfidisdcted learning with
Chalkdust, explaining, “It's a lot of teaching ysalf. . . . I'm either doing the book on
my own or | watched videos a lot. . . . Saxon,asyust the book and I kind of went
through the book. He liked Chalkdust videos, déseg, “The teacher | took like from a
video course. He was really good. . . . | did ljetting taught from a teacher. And |
could rewind if | didn’t get it.” As he progresstmiself-directed learning, he checked his
own answers, remembering, “To check my answersually do it on my own . . . figure
out why I got one wrong. And if | couldn’t figureout | would . . . get my dad to help.”
Wes saw working at his own pace as a benefit, laget “I could do it at my own pace.
Um, not have to rush through things and get behidd.enjoyed taking a class with his
sister, informing, “One year my sister and | tob& same math class and she was helping
me if | didn't getit. . . It was good because meboth really competitive.” He concluded
with advice for other students, asserting, “Deéhjittake consumer math in high school.
Even though it's easy, it will help you the mostiwpractical life situations.” His
homeschool provided him with a good math foundation

Mae. Arriving later, after Wes had started, 21-yeareNiatened with interest for
a few minutes. Wes and their mother left right ralfte finished. She willingly answered
all the questions, during her 34-minute intervielemeschooling suited her schedule and
she described, “Homeschooling was good for melt.worked well. | feel like | learned

what | needed to and | enjoyed the flexibility @fig able to start whatever time |
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wanted.” She felt well prepared mathematicallytfer nursing major, asserting, “I'm a
nursing major. The math | had in high school wayaglequate. . . . | was very well
prepared. Like it was kind of easy at times. | made\ in it.” Her mother described her
good performance, as, “Great grades. . . . Shetteokme to do well, was thorough with
her homework . . . self-motivated.” Her high schtvahscript verified her good SAT
math score (640) and very good grades in Algelihaduigh Geometry and Consumer
Math, validating her statements. Also, her totalB$Sscore (7.4) placed her near the
female 90 percentile (Table 10). Mae fulfilled fale components of mathematical
proficiency with her: NAEP score (90%), explanai@nd justifications for all NAEP
items, MSES score, and her belief that mathematassuseful, sensible, and worthwhile.

Despite her mathematical proficiency, Mae dislikeath. She revealed, “I didn’t
like math; I didn't like all the work and having ttw the calculations.” She recalled
stressful situations as, “Sometimes math was kirgdressful. | remember crying, sitting
there with my younger brother and my dad when hetwang to explain things.” All
Mae’s math instruction took place in the home.

Mae detailed her math instruction. In the elemgnyaars, she liked the ABeka
curriculum, recalling, “I started in elementary sohwith . . . ABeka. . . . | liked ABeka.
... They had nice colorful pictures. And it waglly easy. . . . My mom probably
worked with me more, then.” Next, she used Saxeralling, “For middle school it was
Saxon math. . . . The textbook was kind of borligck and white. . . . | taught myself. |
think 1 would read the textbook and then do thebfms.” In high school, she used
Chalkdust, describing, “Then, high school, we uSedlkdust and the videos were good.
... If didn’t understand it | could just rewintd You can’t do that in a regular class. You

can’'t rewind the teacher.” She liked working at leprasserting,
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Math was always at home. . . . Overall, | thinw#s good. | think an advantage

was that | was able to work at my own pace. .didh’t have to sit in a

classroom, where other people are trying to greapd | have to then spend time

on them. If I understood it and can just go aheatllalon’t have to wait.
From middle school on, she mostly graded her owrk\aad she saw that as an
advantage, emphasizing, “I think probably havingdaect my own work, probably is an
advantage. Um, because it made me really haverk ttrough, ‘ok, how do I get this
right.”” Her good homeschool experience prompteddhasing remarks, “l am very
supportive of homeschooling. | think it worked vevgll for me and my siblings.”
Lee Family (Ali)

The Lee family resided and homeschooled in a SGatilina suburb (66,000),
within 25 miles of a large metropolitan area (7800 This family consisted of two
Caucasian parents and five biological children.fi&kik completed their K-12 education
at home. Their homeschool program continued foye's. Ali, the second oldest
participated in this survey, interviewed in herreuat residence, near a city (123,000).

Both parents contributed to the homeschool matlgram. Their primary
motivation included “religious reasons.” Ali estebled this, declaring, “It was straight
up God’s leading.” Her mother acted as the pringahycator. She established a good
work ethic through consistent routine; Ali remendzkr‘No schoolwork in your pajamas.
You had to be dressed for the day. . . . Had Bibte with Dad before he went. . . .
Then, story time with Mom . . . chores and thenour homework.” Specifically, Ali
admired her math instruction, asserting, “She veascf the resident expert. . . .Three
other girls from the homeschool group, their pasdrad Mom teach them math, too. . . .

She had this fantastic way of being able to explaiimgs.” The mother reported that she
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was, “always the ‘go to’ mom in the support groapsnot many were good at math. |
love it up to Alg II.” Ali appreciated the practicapplications her mother stressed,
affirming, “Homeschooling for us wasn’t evgou sit down andsoudo your work. Its,
let’s go to the store andib math . . . bake cookieket’'s dochemistry. . . . She was always
much more practical.” Remarkably, this skillful edtor had one year of college; yet, Ali
highly respected her abilities, explaining, “She&eregraduated from college. She has no
degrees, but she’s been brilliant . . . to meevhsre we were and teach us these things
and get us excited.” Her MSES results matchedddseription, everyday math tasks
(7.1), math courses (6.3), and total (6.7), rankiatyveen the female 70 and 80
percentiles (Table 10). Ali considered her fatler ‘wltimate say in all things math.”

First the father worked as a carpenter, then gmeasr. Ali and her mother
reported that he was the final authority with hamdeth problems. Ali described, “Dad
worked as a carpenter and that clearly has a lotath . . . [he became] an engineer. . . .
He was always very, very clear with math and s@enthe mother wrote, “If | ever had
a problem figuring anything out, [father] was atdedo it.” He talked “engineeresse” at
the dinner table and Ali enjoyed their conversajaiaborating, “My dad always told
me that math is the language of science and heabsdutely right and it always made
sense to me.” His MSES scores matched these statgregeryday math tasks (8.8),
math courses (8.3), and the total (8.6), exceeitiagnale 95 percentile (Table 10).

Ali. Bubbly and expressive, 23-year old Ali willingbarticipated in the 88-
minute interview. She exuded a passion for mathsarehce,

Pretty much all math; | was an absolute huge fanChemistry is my other

absolute favorite. . . . It was the concept of geaible to take this and this and put

it together and get something completely new afférént and possibly
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dangerous. So just that math has this magicaltgualit that | absolutely loved. .
.. I liked math because it made me feel smart.
Math connected with her faith; she elaborated,

Math is the same everywhere and it's really juseautiful picture of God at

work and nature. . . . There is a Bible versBsalmsthat talks about thinking

God’s thoughts after Him and that is what math sgidnce is to me . . . this

system of letters and numbers . . . it's just ashmart of His creation as, you

know, you or me or an artist’s painting. Like | matis all equally beautiful.
Ali's mother described her mathematical talent‘88e understood numbers well and
loved playing with them. . . . She’d get out ourileliboard and ask for a height and a
diameter so she could figure out the volume of evat shape she chose.” Both Ali and
her mother acknowledged her preparation for hemcstey major. Ali stated, “I always
felt really confident and able” and her mother exhd'Extremely well [prepared].”
Matching her father’s very high MSES score (8.6¢ gmnked in the male and female 95
percentile (Table 10). Verified by her high schtvahscript, Ali’s top 13% (The College
Board, 2012) SAT math score (660) and excellenhrgeddes for Algebra 1 through
Calculus 2 confirmed these perceptions. She ovdmihgly met the criteria for
mathematical proficiency with her: NAEP score (1Q0étear explanations and
justifications for the NAEP items, MSES resultsd gositive mathematical attitude.

Ali valued the close family relationships fostetgdhomeschooling. She
described, “We were a really close family and mpolsdcause we were homeschooling.
And we were always together. . . . | had so mablngjs, | was never bored . . . because
there was always someone to play with.” She tutbexdsiblings, explaining, “When |

was older, | would kind of take over going over mptoblems . . . if Mom was busy. . . .
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| was the mini math tutor.” Together, Ali and héder sister completed most math
courses; she reported, “I took it with my sistemtldhe mother explained, “We would
watch the [math] video together, [Ali], [sisterhal.”

Although Ali's math instruction mostly took plae¢ home, it included two
community college classes. Her mother taught Adi ber older sister with Math-U-See.
Praising that curriculum, Ali asserted, “We usedhid-See. . . .They were always
really good with making it very visual, tactile..The guy who did the video, he was
brilliant cause he was able to make interestin(péyfwatched the video, the mother went
over the concepts on a white board, the girls cetedltheir exercises, and they corrected
the work. Incorrect problems were reworked untikteay; Ali described, “After we went
through all 20 problems. . . .Which one did youwgeing? . . . Sometimes it would have
been botched completely and we would go back artielproblem again until we got it
right.” With trigonometry, Ali ended up teachingrkelf. The mother reported that she
was, “rusty on trig . . . and half way through teok, she [Ali] just took it over and it
was self-directed with questions to [father].” Bnajg that, Ali revealed, “Self-study was
guote ‘sort of my thing'. . . .By the time | got Taig like | was old enough that | could
read and understand the text. . . . Teaching mybeilf was probably my favorite.” She
valued her community college calculus experiendepeating,

Calculus was interesting because it was one ofirstydxperiences in a typical

classroom setting . . . [it] went really well. | d@As. . . . | highly recommend

um, homeschooling families who, if their childre® @lanning on going to a

university, to get them into local tech school sksbefore they graduate; because

college is a culture shock.

Ali attributed her math and science propensityambaschooling. She purported,
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| honestly don’t think | would have liked math asclence if | wasn’t
homeschooled. . . . | wasn’t lectured constantly taen given homework and
then be held back . . . cause you get so bordtbsetsituations and then you end
up hating those classes.
She appreciated its flexibility, maintaining, “#tlus all work at the speed that we could
remain interested in and we could be challengedithout being overwhelmed . . . the
freedom to . . . be in trigonometry in the tenthdg.” Subsequently, Ali experienced
much success at university and in the workplace, @sality control chemist, with her
double major in chemistry and English. She creditedparents, asserting, “It's
absolutely because way back when, Mom and Dad eéd¢alhomeschool us.”
Rice Family (Hali)

The Rice family resided and homeschooled in alS@atrolina urban area
(130,000). This family consisted of two Caucasiarepts and six biological children.
Four completed their entire K-12 education at howtgle the oldest went to public
school for a few years. Their homeschool programdaamtinued for 25 years. The
youngest still is homeschooled. The fifth child liHarticipated in this study.

Her parents home-schooled to “provide a qualityistian education that glorified
God.” Hali confirmed, “My parents are very passinabout education. . . . And so for
them it worked in incorporating their secular dedor just good education with their
desire to raise their children in their faith Christian faith.” Both Hali’s parents
possessed science backgrounds, understanding ploetamce of mathematics. Hali
explained, “My father has an excellent backgrounthath. He studied chemistry in
undergrad and then computer engineering in gradlivgtenother was a biology/pre-med

in her undergraduate degree.” Her mother actedeaprimary educator and her father
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engaged Hali in financial conversations. Hali reisgad, “| remember, from an early age
my father giving me financial lessons that werehmatatics-based. . . . And we had a lot
of conversations like that. Even today, we still’deredictably, both the mother’s total
MSES score (7.9) and the father’s (8.5), rankettié95 percentile (Table 10). This
closely aligned with their college backgrounds anthusiasm for math education.

Hali. Confident and relaxed, 19-year old Hali interveglsfor 50 minutes in her
honors college dorm room. Hali labeled her mathcatan as, “Very adequate. | think it
was wonderful.” Her homeschooling experience pregatali for college mathematics.
The mother wrote, “[Hali] was well prepared for imatatics and was able to take a
college level course while a senior in high schaoltl Hali confirmed, “For my major
[Nursing] there’s only one math course requiredwhich | took in high school. . . . But
for chemistry . . . or other courses that requisgim . . | feel very adequately prepared.”
Verifying their perceptions, her high school tramsicverified her SAT math score (620)
and excellent grades in Algebra 1 through stasistitali’'s MSES score (7.9) matched her
mother’s, also ranking in the female 95 perceiffilgble 10). She met the requirements
for mathematical proficiency with her: NAEP sco®@%), explanations and
justifications for the NAEP items, MSES score, apthion of, “I consider mathematics
to be of an extremely useful nature.”

Hali’s instruction progressed from direct teachiagndependence, using Saxon
curriculum and eventually taking classes outsigelthime. She described the early years,
“When | was a little girl and going through my matburse, my mother would go
through it with me every day.” Then, Hali recallébly mother was big on independence
and so, she would usually step back and let msffitiie lesson. . . . By the time | was

getting in pre-algebra and Algebra 1, um, it waywedependent.” Hali’'s mother firmly
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believed, “Mastery is essential. If the studentmd ‘get’ material we honed in on this
area” and Hali reiterated, “The rule from all mytimaistory, was that if you missed
more than three problems in the lesson, then ydudaorrect all of the problems.” The
mother preferred Saxon curriculum and specifiedheil integrated approach to the
material affords the student the repetition neagdea mastery.” Neither was impressed
with the academic quality of the homeschool preidak at the resource center. Hali
expressed, “It was taught by a teacher not sugddach the course” and her mother
wrote, “It was not well instructed.” Hali describldr Statistics as, “The community
college structure of the class was memorize thadda, come into class, regurgitate it
for the test.” Although she liked the socializatmiithese classes, especially the pre-
calculus, the math part was inadequate. She pomdémdid so much better in my
enjoyment of math when | was taking it with peers.The one | enjoyed more, but the
other [self-study] | actually think | learned mdrem.”

Before college, Hali detested mathematics, butdttaude changed. She
revealed, “My consistently least favorite subjeetsvalways math. . . . It was not that |
had any major issue that was identifiable or amydieap or thinking block. But | was
completely unmotivated” and her mother describ@dali] demonstrated the least zeal
for pure mathematics.” Hali spent hours daily. 8btailed, “I spent a lot of time on
math. . . . | would get up at five . . . start og math and . . . around eight o’clock . . .
finished my math lesson for the day and it was Igrge This stressed the mother-
daughter relationship. Ali admitted, “Math was esplty an area where we didn't get
along.” Her mother also addressed this, reportifigis [math] was NOT this student’s

favorite subject! Stress was common.” Hali’'s atté¢uransformed; she reflected,
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| have a much greater appreciation for math aspest) than | used to. And | in a

lot of ways, long for those years back that | cartreem over again. . . . [I] am

appreciating more what my parents, mother espgciaére doing for me.

Towards the end of the interview, Hali made a thindtpggovoking statement. She
asserted, “I wish that girls would go farther witiath than I think that they do. . . . | just
think we have some sort of weird gender misconoagtiat [only] boys are good at math
and | don’'t see any real reason for that.” I'verbpendering that idea ever since.
Sims Family (Ben and Que)

The Sims family resided in a South Carolina cit$@,000). The family consisted
of two Caucasian parents and four biological cleitdiTwo completed their K-12
education at home, while two still are homeschooldrkir homeschool program has
continued for 15 years. Ben and Que interviewea ¢fassroom on their college campus.

Both parents wanted to be very involved in thaeitdren’s education. They
home-schooled because it, “Best meets the intal¢eind spiritual needs of each child.”
Ben viewed their motivation as, “They thought | vgasng to be bullied. . . . I think
Mom and Dad they really wanted to have a . . paig of our learning career” and Que
believed, “My mom wasn’t ready for me to leave howywt. . . . To foster a close-knit
family atmosphere . . . my parents really wantedda@ble to shape and form our
foundational beliefs and worldviews.” Ben labelesl father the “pusher” and his mother
as the “enforcer.” The mother acted as the prinbeagher, especially with math. She
shared, “I was more hands on with this subject. like math and see it as ‘puzzle
working.”” Ben confirmed, “Mom she’s done a lotwifath. . . . Mom was great at math”

and Que added, “She is a physical therapist er stiengths are in the sciences and in
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math.” Predictably, their mother's MSES score JTahked in the female 95 percentile
(Table 10).

Ben and Que admired their father’s practical abitth math in building and
fixing things. Ben asserted, “He’s very, very itiggnt, like being able to go out and
work on a car. . . . He can fix anything. . . . Hmafix things, do things with my hands, |
learned that from Dad” and Que informed, “My dad, hmean he uses math when he
builds things. He is very handy and he builds si®lv . . He uses basic math with
proficiency.” The mother reported that the fatheakt math in college. His MSES total
score (7.6) ranked above the male 80 percentilbléTED). Based on the complements by
Ben and Que, his everyday math tasks score (7e e lower than expected.

Ben. In the quiet college classroom, 20-year old Beell participated in the 78-
minute interview. This earnest young man seemeddy $n contrasts. He disliked math,
although he claimed that math came easily to himstdted, “Surprisingly, | never really
liked math. . .. | was good, better at the matiff stind | could learn it. . . . I can
memorize math stuff and then apply it.” Apprecigtomeschooling, he affirmed, “My
experience with homeschooling, | just have to &ay it was, | mean, it was fantastic”;
but he didn’t want to be stereotyped, assertirigy fiot a homeschooler, | was
homeschooled. . . . I'm a normal person.” Commuodfege calculus came easily and
he didn’t apply himself, yet he struggled with eglé calculus, explaining, “I took
calculus at a tech school. . . . | really didn’pgpmyself in that class . . . and made As
because | could memorize. . . . When the [colletge]s started . . . | had some really bad
tests.” He recovered by the end of the semestscrithéng, “I did fantastic on my final
exam.” His SAT score (600) disappointed him; he isigieh, “I didn’t do nearly as well as

| wanted. . . . The SAT is not my test.” The MSESrss indicated he felt more
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comfortable with everyday math tasks (8.0) thanntfa¢h courses (6.5). His total score
(7.3) ranked between the male 70 and 80 percelfliEgde 10). However, Ben qualified
as mathematically proficient with his: NAEP sca®8%), clear explanations and
justifications for NAEP items, MSES score (abové&d0and a strong belief that
mathematics was useful, sensible, and worthwhile.

As the interview progressed, Ben seemed to putibas about homeschooling
into perspective. Labeling himself as a troubldd;tHie admitted, “I'm amazed that Mom
has put up with me that long. . . . | was kind ebagh child. . . . | hated doing work.”
His mother wrote, “He was lazy about doing dailyrkvdIn middle school, he went to
his father’s office to finish his school. Ben refied,

It was the best thing for me and also at leastisgapho | am. . . . In today’s

society where like the schooling system where dheryg is taken and put down

to the lowest common denominator. . . . So thadm®feels bad about
themselves. | think that homeschooling was defiyitee way to go for me, cause
| would have been that kid that would be like, pnet that I'm stupid . . . just

glided through school. . . .When | was youngerpuilgn’t have cared; sure, I'll

drink.

Grateful for his parents’ persistence and leadprdben admitted,

My mom and dad were really strict with me for a lbecause | kind of was a

trouble child. . . . I am really realizing now Isat they were giving me a good

strong foundation. . . . | didn’t want to succetdit was something | had to learn.

Ben felt his Saxon curriculum and self-study weestrbeneficial. He used

different curricula, but he believed Saxon workegtfor him. He explained,
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The courses that | took in the beginning, which ®agon, they gave me the
foundation that | needed . . . | would look at pineblems. And | would remember
how it worked. . . . Saxon was hard . . . but yearh a lot.” Commending self-
study, he asserted, “ [Self-study] worked wellfoe. . . . Being able to do things
on your own, really prepares you well for real life . It teaches you to be able to
assess things and learn things on your own.”

Que. Immediately following her brother’s dialogue, gdeld Que interviewed
for 52 minutes. Poised and mature, she freely dex/thoughtful answers. Que greatly
appreciated her homeschooling, comparing it tollegiate environment. She informed,

| really, really loved the experience. It gave nppartunities to grow. . . .The

homeschool experience | had was much more likdlegsosetting and a college

course load . . . | was able to go to a class on¢eice or sometimes three times

a week . . . but spend the rest of my days realigdependent study and research

in reading. . . . It really allowed me to flourish.

Que felt well prepared because she learned hoeatm | explaining, “Dorothy
Sayers talks about students not just learning factslearning how to learn. And | did
really learn how to learn as a homeschooler. Arahbsge of that | was able to do well on
the math course.” That math course referred tcbiege statistics. She described, “My
first test | actually got an 82 . . . | was verysap . . . After that test, | studied a good deal
for that course. . . . | got an 99 on the final@rkinother verified that class, “only
statistics and made an A.” Her high school trapsaerified her SAT math score (600)
and her very good grades in Algebra 1 through ptestus. Her MSES total score (7.3)
ranked between the female 80 and 90 percentilesongtrating a fairly confident

attitude towards everyday math tasks and math esu€ue satisfied all five strand of
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mathematical proficiency with her: NAEP score (8Q%ppendix V), clear explanations
and justifications for NAEP items, MSES score, addquate view of mathematics.

The NAEP and MSES scores hinted at her struggiiésmath. Que revealed her
frustration with mathematical study. She disclosét ironic because | really loved
every academic subject, apart from math. . . st pave never really been able to wrap
my mind around it easily at all. . . . | worked ¢th&o get As.” Her mother verified this
struggle, reporting, “Reluctant, had trouble gragponcepts. . . . [Que] had to have
more individual attention working problems.” Neededalk through problems.”
Describing the ensuing mother/daughter tension, &kaowledged, “Most of the hostile
harsh interaction . . . almost all of that was aweith. . . . | would get frustrated with her,
often, if I couldn’t understand a concept. . . .1A®t older, | realized that's wrong.” She
also recognized a sense of accomplishment, inf@pfilhthere was a concept that | was
struggling with, when you know the light dawned dnehderstood it and | could do the
problems, that was satisfying . . . a sense oillluént and satisfaction.” Que readily
admitted that mathematics was valuable, asseftikkgow it reflects the order of God’s
creation and it is valuable as a discipline. It is valuable, even if it's not your skill set.”

Que maintained that her homeschool math progranthealsest option for her.
All Que’s math was completed at home. It fit hexrteng style and she declared,

Because | was homeschooled, | had more time, phplkpbnt more time on the

math problems than | would otherwise in a classrgetting. . . . | learn better by

reading something and really thinking about ithayiown. . . . So | think that had
| been in school, and only had limited amount widiin the evenings to do
homework. . . . | probably would have gotten Iasdiby. . . . My experience was

the best way for me to learn.
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Her mother confirmed, “Home study was best for [[Ju@ue also pointed to the lack of
quality math classes, stating, “There weren’t afagreat math opportunities.” Similar to
other homeschoolers, Que related her mother’ dieacthing, “In elementary school my
mom would go through the lessons with us on a dabis and then we would work the
problems. She’d kind of leave us to do the problantthen we would talk about it” and
her progression to self-study, “By . . . middlesalbhigh school | would grade the
lesson. . .. | spent a lot of time in independstady. . . . If | . . . didn’t understand the
concepts, my mom would explain them to me.” Bottoréed primarily using Saxon,
except for one year. Que explained, “We used S&oon the time | was very young. . . .
The only different curriculum we used . . . was [RHast for geometry” and the mother
supplemented, “Saxon mostly: Algebra | (Saxon),ebli@ Il (Saxon), Geometry
(Chalkdust), Advanced Mathematics (Saxon).”

Que valued homeschooling. She desired to continueh her family disclosing,
“If I do marry and have kids, and if | homeschdwtfs what I'd like to do . . . have my
mom have a [math] class with my kids.”

Tate Family (Kim)

The Tate family resided and home-schooled in atsGarolina suburb, within 2
miles of a large metropolitan area (750,000). Tamily consisted of two Caucasian
parents and two biological children. The oldestnKcompleted almost all of her
education at home, 1-12. They continued to homedditer 12 years, the younger
brother still at home. Kim participated in thisdyu

Her parents incorporated many resources to offier &quality Christian
education. According to her mother, they homesdathbkcause it provided a better

atmosphere, academic freedom, and ability to (Gerestian curriculum.” Kim
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described, Mom found out about homeschooling aad#nefits of it . . . a better option
than the public school that we were zoned fora better option than the private schools
cause they are really expensive.” Kim’s mother wdwnath as a, “gateway to better
jobs.” The mother experienced a poor math instomgtnot mastering basic math
principles until later; she wanted a better matimfitation for her children.

Both parents worked at math-related vocations.mbther earned her degree in
pharmacy and continued to work part-time as a pheisty while directing her children’s
homeschool. Kim reported that her mother taughtrf@ta Classical Conversatians
community, explaining, “She is more science-focusied there’s a lot of math in that,
obviously. And now, as a homeschool mom she’s @olo¢ in learning math and teaches
a math class now for students in high school.” Gloerating that, the mother’s total
MSES score (8.1) exceeded the female 95 percémalale 10). She reported that the
father worked as a financial planner, with a bussn@ajor and a master’s degree. Kim
echoed, “My dad is actually a financial planner, B®uses math a lot.” His overall
MSES score (6.8) ranked slightly above the malpd&@entile. Based on his vocation,
those results seemed lower than expected. His @agmath tasks (7.4) demonstrated
better than average practical math confidencehisutnath courses (6.1) showed
insecurity with college level math coursework.

Kim. Kim’s 43-minute interview took place at her paeekitchen table. At first,
the 18-year old seemed reserved. Sitting at tHe,tabr mother worked on her laptop,
while Kim answered questions. As the dialogue cw#d, Kim relaxed and eagerly
participated. She felt very positive towards horhesting, relating, “It's been the better
option for me. . . . This was the way that | leate learn the most and there’s the most

flexibility and most opportunities. . . . I'm reglglad that | did it.” That good attitude
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included mathematics, sharing, “I also enjoyed nayntlass. | always was blessed with
good teachers for math.” Although math was strésgftimes, she experienced a sense
of accomplishment when mastering a hard conceg .d&tlosed,

| would say the stress came in when there was $ongethat | really got stuck on

and | didn’t understand. . . . | wouldn’t say thath was easy for me but it um

was possible. . . . | worked hard enough at it likeas able to get things and
move forward. So that was always really rewardmgnie when | would
accomplish things that were challenging.
Because she completed calculus as a high schaok sgine felt very prepared for her
university calculus class, describing, “This semektook calculus again. . . . | was able
to do things faster and get through it a lot men@athly than the first time. . . .That was
a good preparation.” Her mother agreed, reportergas, “Well prepared, made an A in
college level calculus.”

Kim’s performance corroborated this information.rHegh school transcript and
College Board SAT report verified her good gradealgebra 1 through Calculus, as
well as her top 4% (The College Board, 2012) SATmsaore (730). Her MSES results
(8.3) exceeded the female 95 percentile (TableAlthough adequate, her NAEP score
(80%) seemed lower than expected, based on theadlee Nonetheless, Kim
demonstrated mathematical proficiency with her: NPAE€ore, clear explanations and
justifications for NAEP items, MSES score, and hoginion of mathematics.

Kim’s math program included both teaching from mmather and tutoring from
outside sources. In the elementary years, her mateal direct instruction for math. Kim
remembered, “With elementary school, um, it wadlygast my mom teaching me,

mainly for math.” She also recounted practical n@thversations as, “My mom was
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always looking to find teachable moments, espgciaifh math. . . . If we were going to
buy something . . . like, it's not really goinglie that, it's going to be more with tax.”
Managing the homeschool math program from midd@skto high school, she enrolled
Kim in a good math program, at a nearby Classicalv@rsations community. She still
kept track of the tests and grades. Kim explaifi€de people that | was being taught by
weren't technically my teacher, my mom was my teachwas accountable to her . ..
taking the tests, | would give them to her andwbeald grade them.” She spoke highly
of these classes.

Kim enrolled in a resource center type environnvaitt other homeschoolers,
throughout middle and high school. She attendethssital Conversatiogsommunity
for many of her classes. An affiliate of the natib@lassical Conversatiogs
organization, this group was independently orgahikem explained,

In middle school and throughout high school, it wag of set up like the co-ops.

.. .They were mainly in like classes around likesiudents or less. . . . | would

go like once a week. And um, the teacher would gvea seminar on like four

lessons or something like that and then by the wexk we were expected to do
those lessons. . . .That always worked really vesihecially for Saxon.
The mother clarified that Classical Conversationg® not the same as a co-op because
the parents paid qualified math tutors and didshaire teaching responsibilities. Kim
prospered in this situation, asserting, “It helpgglbecome more independent . . . helped
me learn how to learn. . . . It was also a good teayet to know kids who were sort of
similar to me in that they were homeschoolers.” Kietieved the repetitive Saxon

curriculum, which she used from elementary to taghool, greatly helped her retention,
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claiming, “It was definitely helpful to get throughe problems that were harder and to
see them over and over again so that | could applywhat | was learning.”

Homeschooling allowed Kim extra time to enjoy bducation. She appreciated
the flexibility it afforded, the opportunities t@anany things, and the organizational
skills she acquired. She shared,

| had more flexibility with my time than my friendgho were not homeschooled.

And so that was nice. | had the opportunity to mieemost of that or abuse it

and I'm not going to lie; | did both sometimes.ibfiately | think that was very

beneficial and it helped me with time managemembifege. . . . | was able to do
other extracurricular activities that | may not bdeen able to do if | had been
super busy with being in school eight hours a dad/then coming home and
killing myself with tons of homework. . . . It juspened up the door for me to
um, enjoy my high school experience and my middhesl| experience.

Webb Family (Lea and Don)

The Webb family resided and homeschooled in aruppddle class suburb
(15,000) residents, within 16 miles of a major ¢2%0,000). This family consisted of
two Caucasian parents and four biological childAdhfour completed their entire K-12
education at home. Their homeschool program coetiriar 20 years. The two youngest,
Lea and Don participated in this study, being viawed after dinner in their kitchen.
Recently, their grandmother came to live at theirde. Before the interviews, this proud
grandmother showed me Lea’s certificate of a pyesis award earned when she
graduated a university nursing Bachelor’'s prograth & 4.0 GPA. She also brought out

a letter that verified Don’s 4.0 GPA of his sophaegear at university.
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These parents home-schooled as a response to Glitig. The father reported
this as, “To instill God-fearing/respecting value®ur children and teach them well.
Help them love & bring glory to the almighty God.&a added, “They felt like God was
calling them to do it . . . to nurture relationship the family and them to be a big part of
our lives, counselors, and then we could gain wisdand Don confirmed, “They
wanted to have times with us, and as well as mgldh godly values into our lives.”

Profoundly impacting their children, both parenastigipated in homeschool
math instruction. The mother used direct teachard-€a and Don, in the early years.
Lea informed, “My mom, um, was proficient at matidaelped us early on.” The father
acted as the primary teacher with the harder matses. Lea related, “My dad is good in
math and was the main one who helped us espelaglyon.” Describing their math-
related vocations, Lea explained, “My dad is a deahengineer with a Bachelor’'s
degree and my mom is/was a registered nurse vBtchelor’'s degree.” Both graduates
appreciated their mother and her contribution &irtlives. She modeled a work ethic for
Lea and encouraged Don in his abilities. Lea retayril feel like my parents,
especially my mom, like she really put into us adyavork ethic.” and Don related,
“Mom was a nurse, so she’s smart. . . . She’dlsagtlike oh you do great at math.
She’d recognize it and encourage me in it.” Thedatised math principles in his work,
stating, “I enjoyed math and so | described howddithe concepts in my work as a an
engineer.” Lea described his unique ritual whenaghnbook was completed, informing,
“He would be so excited that when we finished treghnbook, he would do a headstand
in the kitchen on the hard floor.” Sharing his &tk motivation for being more thorough

with his math work, Don recounted,
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Dad was pushing me a lot when | was in high schHdbink he was trying to get
me to use more paper and be thorough. What heoketetling me was [Don], as
you're doing your math right now | wouldn’t want ¢oive on a bridge that you

built. I want to help you so that you do thingshtigso that | would drive on a

bridge that you built.

The parents’ MSES results correlated with therimésv and survey data. The
mother’'s MSES results demonstrated high confide@mpeactical math applications, with
her everyday math tasks score (8.0) and inseounrityher math courses score (5.3). Her
total score (6.7) ranked between the female 708@npkrcentiles. Likewise, the interview
and survey statements about the father and his M&&tfis (8.1), ranking at the male 90
percentile, confirmed the father’s high confidemgth mathematical applications.

Lea. After a full day of work, 23-year old L seemerkt. While her parents,
grandmother, and brother quietly moved throughbettouse, L freely answered all
guestions during the 58-minute interview. This basy altruistic young woman worked
as a nurse and volunteered at a clinic. She seamkikddjusted and content.

Lea appreciated her math homeschool program anaédliprepared for her
university experience. Valuing its flexibility, shelated, “It was good, in that | could fly
through the stuff that was easy for me . . . | ddake a little more time for the things
that were hard. . . . | could work at my own pacéet, the downside involved working in
the summer, because, “We always had to do matieisummer because it was more
self-directed . . . the thing you can do tomorraw the flexible subject. . . . In some ways
it was the subject that never ended.” She deschiednath preparation as, | took a

statistics class. . . . | felt very prepared nursing math . . . it was easy.” At first, she
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enjoyed math, stating, “I actually like math. Welliked algebra because . . . some tests
and problems were easy for me.” Later advanced padbd a problem in that,

| took advanced math with Saxon . . . | didn’t hgdike it that much. Um,

because | had a hard time understanding all of.il realized . . . that | had just

been memorizing how to do a problem and not thie loghind it.

Her performance showed a mixed picture. Despitativanced math hurdle, she
passed a CLEP test for college math. A College @&8&T report verified her SAT math
score (610) and her high school transcript confdtmery good grades (all As) in Algebra
1 through advanced math. Her MSES everyday makis &sore (6.3) indicated a limited
confidence with practical math, while the math smsrscore (7.4) showed more
confidence with math-related college courses. Herall results (6.8) ranked at the
female 80 percentile (Table 10). She seemed nalate practical math with her
outstanding performance in nursing school and toek\at the hospital. Her NAEP score
(100%) indicated a thorough and careful attentmdetail and basic math principles. The
MSES results seemed low compared with her good peflormance. Lea satisfied all
mathematical proficiency requirements with her: NA&core, clear explanations and
justifications for NAEP items, MSES score, and &fehat mathematics was useful,
sensible, and worthwhile.

Lea positively described her math homeschool progrAfter direct teaching
with her mother, she progressed to “a lot of seftated work.” She elaborated,

| did a lot of figuring out of how to find resoussewhich | really thing helped

prepare me to go to university, because | wasmgeddent on the professor to tell

me exactly what | needed to do . . . not haviralispelled out for me.
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Although Lea completed all her K-12 math at hoste took other subject classes
outside the home. She described her socializagpfi am, was obviously at home and
was except for doing classes with other homeschaolhich was pretty frequent . . . |
did, was able to socialize with other homeschodeit | also did soccer.” Enjoyable to
her, she related, “I liked the social aspect of bexause | was with my friends.”

Don. Even after a day of university classes, 20-y&hDon seemed focused
during the 45-minute interview. While his familyigtly moved throughout the house,
Don freely answered all questions, some with andtyHe majored in chemical
engineering and minored in math. At dinner, he dggiscussed his summer job at an
engineering firm. Don’s father described him ase ‘s a natural aptitude and interest in
math and science.” This sharp young man appeargdieat in his engineering abilities.

Don portrayed a good homeschool program. He likedlexibility of his
homeschool, describing, “Into middle school, itd@ngot more where | could do my own
stuff and I'd try to do it as quickly as possibtelscould get it done before lunch.” After
the early years of direct teaching, he progresseelf-study with his math, relating,
“Having to teach myself was actually a good thin@iway, even if | didn’t teach myself
as well as maybe | should have. But you learn lwlgdrn and that’s more worthwhile
than learning knowledge.” Overall, the Saxon culten worked well for Don because,
“You really had to read that stuff. . . . It wakialthere. . . . It did a good job at mixing
up the problems. . . . You had to know your stuff.You couldn’t forget it.”

Eventually, Don heeded that advice in his commueit{ege calculus classes,
revealing, “When I'm actually getting graded fansething outside of the house, then it
got to be a bigger deal to me . . . and | endelaipg more thorough.” He summarized

his homeschool experience as, “I'm happy with it.”
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Don’s performance corroborated the interview andespdata. A College Board SAT
report confirmed his top 6% (The College Board,208AT math score (710) and his
high school transcript verified his B grades in édga through Advanced Math and his
As in community college Calculus. His MSES scor@)8anked between the male 90
and 95 percentiles (Table 10). The NAEP score (888éjmed low compared with the
other data; perhaps he rushed through the asses$voaetheless, Don met all the
mathematical proficiency requirements with his: NA&core, explanations and
justifications for NAEP items, MSES score, and fioelief in the useful, sensible, and
worthwhile nature of mathematics.

Between Case Analysis

Multiple case studies are constructed upon thddaagalysis of individual cases.
This multiple case study used explanation buildwlgich is a special type of pattern
making (Yin, 2009). The iterative process of explay individual cases and then
conducting a cross case analysis strengthensutig. s6ood explanatory case study
reflects a theoretically significant propositiorlléwing the completion of the 16 within
case study analyses, a between or cross casevgasdyonducted.

In the same format of the within case analysesbéteeen case analysis used the
central research question and five subresearchignedased on Bronfenbrenner’s
(1979,1999) ecological framework using the PPCTaldes and the NRC'’s five
components of mathematical proficiency (Kilpatriekal., 2001).

Writing the multiple case study report in a quastimswer format allows the
reader to analyze the information and create their cross case comparisons (Yin,
2009). Contributing to the consistency of the repiie between case analysis was

completed in the same format as the within casy/sisaFirst, the participating families’
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demographics are described. Then, the combinedigr@dnathematical proficiency
results are presented. Each of the five sub-quessbbthis study is rewritten, followed
by the collective findings. Lastly, the central gtien is restated and addressed.
Demographics

The 16 participants came from ten homeschoolinglies, located in two
different states. Most (14) resided in South CaroliTwo lived in Virginia. Two
graduates were an Indian (Asian) and Caucasian,attigthers were Caucasian. They all
lived in two parent families with biological chilen, with the number of children per
family ranging from two to six; in measures of gahtendency, the mean, median, and
mode of the number of children per family were fddost (13) graduates home-
schooled for 13 years (K-12), Three were educdtbdrae for at least 10 years.
Mathematical Proficiency of Graduates

All 16 graduates were evaluated with the concegtaatework of NRC’s (2001)
model of mathematical proficiency (Kilpatrick, ét, 2001). The five components
included: conceptual understanding, procedurahftyestrategic competence, adaptive
reasoning, and productive disposition. As in ththinicase analysis, the modified NAEP
assessment (Appendix A) was used to evaluaterdtddur items of the NRC model.
The interview and the MSES confirmed productiorpdsstion.

Graduates demonstrated strategic competence, aglapéisoning, and productive
disposition. Their explanations of work in solvitige NAEP items displayed strategic
competence. Justifications for their solution methoonfirmed their adaptive reasoning.
The interviews and the MSES scores verified theadpctive disposition. Based on the

interviews, each of the graduates believed mathesat be useful, sensible, and
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worthwhile. All above average, their MSES scoregyesl from 60 percentile (one
graduate) to the 95 percentile (seven graduated)l€TL1).

Fifteen of the graduates scored at least 80% oNA&tEP. They showed
conceptual understanding and procedural fluencgetbgcting the correct answers.
However, one scored 70% and was labeled as arwoudipon inspection of the
explanations and justifications, | deduced thatdhmight have been a procedural error
on one item and a conceptual error on another ifafditionally, this participant was
inducted into a national honor society admittindyatudents with a perfect 4.0
cumulative average. This reasoning allowed medsstly this graduate as
mathematically proficient, thereby all graduatesevmathematically proficient.

SAT and NAEP Gender Comparisons

In this study, the male SAT and NAEP scores exegdlde female ones (Table 8).
Five of the six male graduates scored 700 or highghe SAT math section. Nine of the
ten females scored between 600 and 660, with otiieroscoring 730. The male SAT
average of 715 topped the female average of 64@€™y. Similarly, the male NAEP

mean (93.33) surpassed the female mean (89.00).
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Table 8

Graduate SAT Math and NAEP Scores

Graduate Gender SAT Math Score NAE®Y&c
Ned M 740 90
Tad M 780 100
Rob M 750 100
Wes M 700 100
Ben M 610 90
Don M 710 80
Cali F 660 80
Sue F 620 80
Ela F 620 100
Ola F 660 100
Mae F 640 90
Hali F 620 90
Ali F 660 100
Que F 600 70
Kim F 730 80
Lea F 610 100
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Table 9

Averages of the SAT and NAEP by Gender

Gender SAT Math NAEP
F 642 89.00
M 715 93.33

Research Subquestion One

How do mathematically proficient homeschool gradsatescribe their
mathematical homeschool environment?

Attitudes. All graduates reported a positive attitude towdhasr homeschooling
math experience. Fifteen described it very podifiveth comments such as: “It was
perfect for me” (Ned), “No regrets” (Sue), “Overalery positive” (Wes), “I'm very
supportive of homeschooling” (Mae), and “It redllyned out well for us” (Ola). Several
reported that they were grateful for their homesting math experience and Cali stated,
“I'm eternally grateful for being homeschooled” (GaFour liked that they were good at
math. Ali revealed, “I liked math because it madefeel smart.”

Homeschooling fostered individuality and successad@ates appreciated the
flexibility to complete their math work on theirlsedule and it allowed them to focus on
their interests. All 16 felt that their homeschowth experience prepared them for
college math. They felt capable, proficient, andl wespared, with a strong background
or foundation in mathematics. Several believed thesy “learned how to learn.” Ben
related that to life skills stating, “I think thiaging able to do things on your own really
prepares you well for real life. Cause in real {itei don’t have someone standing behind

you with a whip, going, do this, do this”. Seveigt that their home training was
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superior to outside math classes. However, Haliagx@d her neutral positive attitude
due to the stressful nature of studying mathematics

Mathematical study caused frustration becausts dfard work and commitment.
Most graduates (12) revealed that they felt stiessg their mathematical experience.
Some experienced tension with their mothers dunaguction, as well as with the
subject itself. Math work involved focused efforicetime, causing frustration .Several
reported spending at least two hours daily. A feme@mbered struggling in elementary
school and in learning a new concept. Some evemregf to it as the subject that “never
ended”, because it continued year round. Yet, Soankcipants recalled a sense of
accomplishment when grasping a difficult concept.

Ela described mastering a mathematics conceptrgsyable and rewarding”.
Rob explained that he “loved the rewarding exp@&eeof transitioning from not-
understanding to understanding.” Kim informed, tthas really rewarding for me when
| would accomplish things that were challengingtl &ldi exclaimed, “You get that rush
when you understand like that light bulb momernt.jlist a fantastic feeling.” Uniformly,
all respondents believed the knowledge of mathem&ti be valuable.

All 16 participants believed mathematics to befuissensible, and worthwhile.
They reported that it was useful to their studgloémistry and everyday life skills of
budgeting, shopping, computing gas mileage, anestaMath applied to music,
engineering, and calculating drug doses. It waddumental to wise decision-making.
Ned labeled math as the “backbone” of the worldthMaade sense to them; it was
understandable, usually with one answer. Notingriath was worthwhile, many
indicated the necessity of basic mathematical foretdals. Ben reported that he used

math principles a lot in his summer constructidm gmd when he rebuilt a car.
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Additionally, Ali, Hali, and Que acknowledged theduty of math and how it represented
God's creation. Hali asserted that girls needestudy more math declaring, “I wish that
girls would go farther with math than | think tiitaey do. . . . | just think we have some
sort of weird gender misconception that boys amgt math and | don’t see any real
reason for that”. All acknowledged the value of hegmhatics, but they expressed mixed
feelings about their natural ability.

Slightly more than half the students thought thegsessed natural math ability,
while the others admitted that they struggled wuitith. More than half the participants
thought math came easily to them and most of tresly enjoyed their math studies.
Others believed it took them longer to understamtepts and had to work harder. Nine
participants reported that math was one of thewffi¢e subjects. Conversely, seven
graduates revealed that math, at some point, tmbef their least favorite subjects. As
these seven reflected back, they all reconsidérad former attitudes about math and
now appreciated their hard work and acquired magiiead proficiency. They
recognized their parents’ involvement.

Parent commitment Parents profoundly impacted their students. All
interviewees acknowledged their parents commitrteetiieir math education.

Uniformly, they believed that their parents strognglipported mathematics education.
Sue explained, “My mom was always very adamant téeerything in my
homeschooling. That everything was good and nepes&h, and my dad supported her”
and Wes informed, “Both my parents think it's imfaort to be good at math.” In
retrospect, all acknowledged the value of theidhvaork and appreciated the work ethic
modeled by their mothers and fathers. Some commgtiist work before you play”

(Cali), “Especially my mom, like she really putanis a good work ethic” (Lea), and
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“All time she put into it, which resulted in timbéat we had to put into it, um meant we
were doing it a lot” (Rob). A few believed theitlier pushed them to achieve, while
their mothers motivated and encouraged them toesacdon’s father motivated his son
with a bridge analogy stating, “[Don], as you'rampyour math right now | wouldn’t
want to drive on a bridge that you built. | wantiep you so that you do things right, so
that | would drive on a bridge that you built.” Trsme educator would stand on his
head when his children would finish a math bookall. & he participants also revealed
their parents’ reasons for homeschooling.

Motivation . Homeschool families were strongly motivated bydseaics, faith,
family unity, flexibility, and values. According tihe graduates, most parents initially
homeschooled for religious reasons, followed bylao@c concerns. The parents wanted
Christian principles integrated within the currigni. Desiring to have a big impact on
their children’s education, they wanted to prowvadeetter education than the area public
schools. Some wanted to promote family unity. Asytbontinued, these educators
experienced success. Their children were learringd,it fostered good behavior.
Homeschooling provided a safe environment and iddal needs were met. They had
the freedom to instill spiritual values. Ultimatehomeschooling proved to be flexible,
allowing for varied opportunities.

Instructional practices. Mothers greatly influenced their childreight reported
their mother as the main math go-to person fodtration of their homeschool. The
other half of the participants informed that thewther acted as the main math facilitator
in the early elementary and some middle schoolsyeurile their father then assumed
that responsibility in later middle school and hggthool. In the early years, the mother

provided direct teaching to the students, in teofrgading the textbook aloud to them
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and working problems with them. Past the elementaays, many of the participants
were involved with self-study.

Self-study emerged as a major theme. Most of tndesits reported that they
progressed to self-study with their mathematicdysgometime in middle school to early
high school. This involved them independently regdhe textbook lesson and working
on the exercises. Eventually, ten corrected their problems and the mothers of the rest
checked the work throughout their home-based mathses. All participants reported
that at least one of their parents was availabigd@estions.

Many curricula were discussed, the most commongo8axon. Thirteen of the
graduates used Saxon curriculum. Several greafiseafated Saxon’s repetition and
thoroughness, while others disliked those textboAlkew students used Chalkdust
curriculum, reporting that they liked the videotmgtion. In the early elementary years,
four used ABeka curriculum and three others usdd Bmes; all seven of these reported
that they liked the colorful pictures of those aulums as compared to the black and
white pages of Saxon. A pair of brothers used Thevéssity of Chicago Math Project, a
rigorous public school program, that their mothieeatly taught them. Ben and Kim used
Teaching Textbooks for a short time and both regabtihat they thought it was not the
best program for them; they liked Saxon betteralymAli learned from Math-U-See
and loved its practical applications and the eateirig video instructor. All 16
participants reported mastery learning.

All the home educators required mastery learningetier or not the graduate
corrected the work, all missed problems were teeberked until completely correct.
Rob and Tad’s mother carried this philosophy owehe tests. In the UCSMP

curriculum, alternate tests were provided. If thegt answers contained mistakes, they
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were redone. Rob commented, “No tolerance for éstd Ben and Hali’'s parents
would assign half the problems (either even or @oid) if the student missed too many
they would have to do all the problems the next daywell as completely redo the
incorrect work. Additionally, some graduates repdrthat conversations took place,
reinforcing math principles.

Math conversations took various forms. Many regbgech interactions that
displayed mathematics in use. Hali fondly rememtbéaenily conversations, mostly led
by the father, about finances. Kim described tfass@eachable moments”, when her
mother would use shopping, budgeting, and taxdiigirate mathematical application to
life. Ali enjoyed shopping trips with her mother &rle she would be challenged to keep a
running total of the items and then calculate #ilestax. Her engineering father often
discussed his work at the dinner table. Likewisen &nd Lea recalled dinner
conversations with their engineering father. Relgaslof whether or not the graduates
took part in these types of interactions, theyialshed challenging mathematics courses.

All 16 completed Algebra 1 and 2, and geometry.bAlt Mae went onto pre-
calculus or trigonometry. Several finished Calcuusvhile three accomplished Calculus
2. Mae and Wes took consumer math together, whale Rob, and Tad completed
statistics courses. Many noted homeschooling’shilexnature.

Homeschooling was adaptable to graduate needs. Boieé that they were able
to work at their own pace. As the “flexible subjetihey postponed their math work for
other classes; completing the math lessons on ¢e&ends or even in the summer.
Others liked the option to finish their work eaalyd participate in extracurricular
activities. Ola worked best at night, stating, “Anten | got into the upper grades in

high school, um, | would do math at night becauseal night person. And | would do
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the next day’s math lesson at night and it woutd go a lot better.” Homeschooling
facilitated an individualized, needs-based edupafidost graduates took math classes
from resource centers, community colleges, andraiti®ool type environments.

The participants discussed their math instructistside the home. Kim and
Ned’s parents monitored this work, even though ro#igeicators taught these classes. In
eighth through tenth grade, Ned enrolled in a Ursitg Model school, which met three
days a week. He gave high praise to this instracgaying he learned a lot from this
experience. However, his community college expeedrustrated him, because a lot of
time was wasted on answering people’s questioms. dfijoyed her resource center
classes in middle and high school, learning aneracting with peers. Ben and Hali did
not learn math from their resource center clagbe@r community college classes, but
they enjoyed the socialization. Cali felt that bemmunity college math classes were
easy, only learning a couple of concepts and skilteer graduates reported really
enjoying the learning environment of their commuiibllege or university courses and
appreciating the ability to take such classes leeimmeschool graduation.

Relationships All graduates grew up in a two-parent home. Théheoacted as
the primary instructor in the elementary years. pheary dyad (Bronfenbrenner, 1979)
would have been the mother and the child duringghears. As the graduates
progressed in their math studies, either the maih&ther acted as the math resource;
Ali reported both parents participated until trigometry when her father took over. Some
participants reported stress in these instructraeg with their mother and sometimes
with their fathers. Some females reported thatdleteractions with their fathers were
positive and uplifting and other graduates weregeduhfor their mothers’ encouragement

and care. Ben appreciated his father’s effortsa&emmath practical to him in the
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workshop. Ned appreciated the “personal attentiomfmy parents.” Several participants
worked with their siblings on mathematics.

Sibling interaction took place in the form of taggimath classes with brothers or
sisters and in math tutoring. Four completed mitbses with siblings, sharing
curriculum and the mother’s direct teaching. Fivieted their younger family members.
Older brothers and sister tutored three particgafite time spent working with parents
and siblings promoted family unity.

Many graduates commented about the closenesgiofdimilies. Ali stated, “We
were a really close family and mostly because weraeschooling.” Participants talked
about family unity as a motivation for homeschogliNed reported, “The interactions
with my parents and my siblings were just reallpd® Notably, several participants
brought up the issue of socialization.

Several participants addressed socialization. i€pbrted that she was not
“scarred socially,” while her sister, Sue believeineschooling taught her to relate to
people of all ages, adults in particular. Que agipted the opportunity to interact with
various types of people with differing belief syste In retrospect, Ben was glad not to
have been badly influenced by public school pespreciating the positive influence of
good homeschool friends. He needed time to madaimjtting, “I never wanted to go to
public school. | was like, ‘I don’t want to havedeal with all that social, like the social
craziness.’ ... Now, I'm really glad | didn’t havo deal with this [partying] when | was
younger.” Don and Lea enjoyed their many outsidsszs and activities, where they
interacted with both homeschooling and non-homeslagp peers. Ben, Hali, Kim, and
Ned enjoyed outside math classes with other honoedicly students for peer interaction,

yet only Kim and Ned believed that the learningissnnment was adequate. Rob
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discussed the social aspect of attending a untyeasiss in high school. He didn’t give it
much thought because he was used to taking outkidses with 25 to 30 other
homeschoolers. He didn't find it much differentitakclasses in the university honors
college, except that those students talked whepribfessor talked and skip class. Al
highly recommended attending community collegergpare homeschoolers for the
“culture shock” of college life. Four graduated thlat homeschooling limited some
socialization. Wes wanted to attend public highosttho be with friends and play sports,
while Tad felt that his adjustment to universif liook longer due to his homeschooling.
Hali and Que believed that some of the stressefrihath instruction would have been
mitigated with a very small co-op situation withawnowledgeable parents teaching the
math class. Mostly positive, the graduates ackndgéd socialization.

Physical surroundings Homeschool mathematics instruction took place & th
home, at resource centers or educational faciliied at community colleges or
universities. During the elementary years, all hecheol math instruction took place in
the home. Starting in the middle school years amdicuing through high school, Kim
enrolled in math classes at a resource centercgggunomeschoolers; the classes met
once or twice, weekly. Ned took math courses ahweisity Model school, three times a
week, for three years. Both Kim and Ned compléied math exercises at home; their
classes consisted of a lecture time to introdueanthterial. Ben and Hali took one high
school class at a resource center and then one goityncollege class. In her junior and
senior years, Sue one student took her math atshdommunity college. Five others
enrolled in community college during their senieay. Six completed all their math

instruction at their home. In this research, moatiminstruction took place in the home.
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Research Subquestion Two

How do mathematically proficient homeschool gradsatescribe their
mathematical self-efficacy?

The Mathematical Self Efficacy Survey [MSES] (B&tHackett, 1993) was used
to determine the mathematical self-efficacy of 1beparticipants. Betz and Hackett
(1993) conducted research at two universities terdene male and female percentiles.
Male and female respondents were ranked differ¢mtple 10).

In this research, all graduates scored above thpe&tntile ranking (Table 11).
Notably, all but two female scores clustered arotined90 and 95 percentiles; one ranked
mid-way in the 80 and 90 percentile range and aatbar the 80 percentile cutoff. Five
of the six males ranked at or above the 90 peleemtith one outlier at 60. Especially
for the female participants, this demonstratedrg kiegh math self-efficacy.

The averages of the graduates are shown in Tabl€hk average total male
score (8.07) exceeds the average total female §¢@®) by 24-hundreths (3%).
Although the average total score of the males edc#®an that of the females, the

average female percentile rank (95) surpasses dfe one (90).
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Table 10

Percentile Equivalents for Math Self-Efficacy SeofBetz & Hackett, 1993)

Percentile Female Total Score Male Total Score

95 7.9 8.5
90 7.5 8.1
80 6.9 7.5
70 6.5 7.1
60 6.1 6.7
50 5.8 6.4
40 5.5 6.1
30 5.1 5.7
20 4.7 5.3
10 4.1 4.7
05 3.7 4.3
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Table 11

MSES Scores of 16 Graduates with Percentiles Gddased (Betz & Hackett, 1993)

Family Name Gender Part| Part Il Total Perdenti
COX Ned M 89 88 838 95
FORD Cali F 7.8 7.4 7.6 90
Sue F 75 76 76 90
HALL Ela F 8.6 8.9 8.7 95
Ola F 8.4 7.6 8.1 95
JONES Tad M 8.7 8.8 8.7 95
Rob M 82 9.0 86 95
KING Wes M 7.3 6.1 6.7 60
Mae F 7.4 7.4 7.4 90
LEE Ali F 8.7 8.4 8.6 95
RICE Hali F 1.7 8.1 7.9 95
SIMS Ben M 80 65 73 70-80
Que F 72 74 73 80-90
TATE Kim F 8.6 7.9 8.3 95
WEBB Lea F 6.3 7.4 6.8 80
Don M 8.1 8.6 8.3 90-95
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Table 12

Averages of the MSES (Betz & Hackett, 1993) Grad8abres

Type Part | Part Il Total Percentile

All 796 7.87 7.92 @ e
Females 7.82 7.81 7.83 ~ 95 (little lower)
Males 8.2 7.97 8.07 ~ 90 (little lower)

Research Subquestion Three

How do home educators of mathematically proficlemheschoolers describe
their mathematical self-efficacy?

The MSES (Betz & Hackett, 1993) was used to detegrthe mathematical self-
efficacy of the 20-homeschool educators involvethia study. The mothers and the
fathers’ scores were ranked differently into petites, according to gender (Table 10).
All the mothers and fathers ranked at or aboveésthpercentile (Table 13). The females
ranged from a low of 60 percentile (one mother tagh of 95 percentile (four mothers).
The males also ranged from a low of 60 percentite father) to a high of 95 percentile
(five fathers). Seven of the ten fathers rankeat @bove the 90 percentile and seven of
the ten mothers ranked above the 80 percentilaoAlh the average total male score
(8.12) exceeded the average total female scor6)(By876 hundredths (10%), both

groups ranked closest to the 90 percentile (Tasje 1
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Table 13

MSES Scores of Home Educators with Percentiles GdBaised (Betz & Hackett, 1993)

Family Parent Part | Part Il Total Percentile
COX Father 80 82 81 90
Mother 74 45 6.1 60
FORD Father 83 84 84 95
Mother 79 64 7.2 80-90
HALL Father 90 83 86 95
Mother 84 65 7.2 80-90
JONES Father 90 65 78 80-90
Mother 84 89 8.7 95
KING Father 90 84 8.7 95
Mother 76 64 7.1 80-90
LEE Father 88 83 86 95
Mother 71 63 6.7 70-80
RICE Father 84 86 85 95
Mother 83 63 79 95
SIMS Father 74 78 7.6 80
Mother 81 7.8 79 95
TATE Father 7.4 6.1 6.8 60
Mother 82 79 81 95
WEBB Father 86 7.6 8.1 90
Mother 8.0 5.3 6.7 70-80
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Table 14

Averages of the MSES (Betz & Hackett, 1993) Honued&idr Scores

Type Part | Part Il Total Percentile

All 8.17 7.29 7.4 e

Females 7.94 6.76 7.36 ~ 90 (little lower)
Males 8.39 7.82 8.12 ~ 90 (little higher)

Research Subquestion Four

How do home educators of mathematically proficlemmneschoolers describe
their homeschool graduate’s homeschool mathemagicatonment?

Attitudes. The educators’ Christian faith influenced theicide®n to homeschool.
They cited religious reasons or faith, the freedorteach Christian values within their
children’s education. They also reported acadenatvations.

These educators took charge of their children’slacacs. Another motivation
for starting and continuing homeschooling, theydweld this form of education superior
to the public school because of the better home@mwent that met individual needs,
allowing for curriculum choice, outside the inflienof poor school districts. Mrs. Hall
wrote, “With a daughter beginning her third yeacollege, with great success, we have
gained confidence in homeschooling. We have Re5ults

All educators reported an overall positive homestkaperience. The
homeschooled graduates liked being at home. Theleats thought their experience
positive or great. A few highly praised their gratks, while two mothers acknowledged
homeschooling struggles that ultimately workedfouthe best. Also, they provided

insight into their graduates’ favorite and leasioidte subjects.
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The homeschool educators confirmed the varietheif students’ interests and
disinclinations. Several graduates favored thenseie and mathematics. Some preferred
reading. Hali developed a passion for languages, 8u horseback riding, Tad for guitar
performance, and Wes for physical education. RubTad really enjoyed debate
competitions for many years. Some students dislikathematics, or biology. Other
graduates disliked English and writing.

All but Mrs. Sims believed their graduates obtaiaechdequate education,
prepared for mathematics in college. The graduateshematical experiences were
adequate or very successful/advanced; they welgveglared for math in college or
fairly well prepared. Mrs. Sims thought Ben did ddigently prepare and that Que
struggled with math concepts.

According to the educators, hard work, naturalighihnd a good mathematical
foundation were the keys to their graduates’ goAd Slath Subtest scores. They
reported that their graduates studied SAT problanastook practice tests. Some
believed natural ability helped their students.c®d mathematical foundation in the
basics and math fundamentals was “critical.”

Educators of 15 graduates reported that their stsdmnsidered mathematics to
be useful, sensible, and worthwhile. Mrs. Ford tifduhat math did not have much
practical application to Sue. Mrs. Tate believedimta be a “gateway to better jobs,” and
Wes'’s mother believed he thought math fun. Notadhgry family had at least one
parent confident with math.

At least one parent in every family liked math &gt comfortable with its

application. Five mothers reported enjoying matth asing it in a job, while four were
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comfortable with math up to a certain level. Acaogdto the surveys, several fathers
enjoyed mathematics and used math extensively.

Instructional practices. Educators indicated the use of direct and strudture
teaching, self-study or self-directed learning, amastery education. According to the
surveys, 11 of the graduates received direct tegdinom the mother, eight only in
elementary school, and three up to high school.esdefined instruction as structured,
especially in the younger years of the graduateacRing a level of maturity, eleven of
the homeschooled students self-taught or self-widetheir math courses. Four educators
defined mastery learning as the reworking of inecrrproblems until understanding.
Mrs. Rice summed it up with, “Mastery is essentidihe student did not ‘get’ material
we honed in on this area.” Choice of curriculumlieted these practices.

Most homeschool educators favored Saxon mathoclurn. Twelve graduates
used Saxon curriculum for most or part of their lssohool careers. Five used Chalkdust
video curriculum for selected courses, with gocltes. For the younger years, K43
seven participants used either ABeka workbooksJit #xtbooks. After using some
basic math workbooks, Rob and Tad transitionedtimachallenging University of
Chicago School Mathematics Project classes. BerKanditilized Teaching Textbooks
for one course and Ali used Math-U-See exclusivetymath courses completed at
home. Graduates took challenging high school miasses.

All students finished at least Algebra | and Hdageometry. All but one
completed pre-calculus and nine took calculus. Aaldally, three had a statistics course.
Mae and Wes worked on consumer math. Although giteditook most of these courses

at home, outside resource centers and community wéized.
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Many graduates attended math classes outsidethe.lAlthough five students
stayed home for all their K-12 math classes, foypeeenced courses at resource centers
with other homeschoolers and nine enrolled atdballcommunity college or university.
Hali's mother expressed her pleasure with the conmityigollege experience stating,

“We used our local college to teach upper levelmtaturses with great success.” When
the students took math at home, at least one gfdahents helped them.

Corroborating graduate information, one or bottepts acted as a math resource
for their children. According to the educator sys,eghe mother served as the primary
math “go-to” in the elementary years, as well asrlan. At some point, with the more
advanced math, the father assumed the “go-to"wdle eight students.

Relationships.In this research, all participating families cated of two parents
with two to six biological children, an averagefotir children per family. Fourteen of
the sixteen participants were Caucasian, whilewgce Asian Indian and Caucasian mix.
All but three participants were homeschooled frori®" grades. These educators
sought to positively influence their children wiEtristian values and a good educational
environment.

As did their students, the educators describegéngonal interactions during
math instruction. One on one instruction took phaith the mother, during the earlier
years. Some of the fathers tutored their childkath-related conversations occurred
with the mother and the father. Some describedeth#eractions as enjoyable, while
others alluded to its stressful nature. As theesttglmatured, the personal interaction

declined due to self-study. In some families, sipi worked together.
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The parents confirmed that siblings interacted whhgraduates as classmates,
tutors, or the ones being tutored. According tosineveys, four participants took classes
with their siblings. Three tutored their siblinge,g., Ola received help from Ela).

Physical surroundings As mentioned previously, the home, resource centers
and community colleges or a university served agtiysical locations for the graduates’
math courses. All but five participants enrollednathematics courses away from home.
Four attended classes in nearby resource centers taal of nine students completed
community college or university courses, closeh@rthome.

Research Subquestion Five

Are there any apparent patterns or relationshipgden the descriptions of the
mathematically proficient homeschool graduatestaett home educators concerning the
homeschool environment and their math self-effi@acy

The data from the graduate interviews, educatoreys, and the MSES scores
were evaluated for reoccurring relationships. hitaw and survey information closely
aligned, providing several main topics. Althougls throup of participants ranked well
above the MSES norm, no apparent patterns duenbeg®r interest in mathematics
emerged from the comparison of parent and gradM&8teS scores.

When comparing the interview and the survey datmymon themes emerged. A
few slight inconsistencies occurred. Overall, badlta sets corroborated each other. For
the purposes of comparison, Appendix Z containsaatavith the overall themes
addressed by the graduates and the educators.

Differences involved the labeling of a course aanhe of the least favorite
subjects. A few educators and their graduates tiedhath course names trigonometry

and pre-calculus interchangeably. Trigonometrylsaach of mathematics usually
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incorporated in a pre-calculus class. This switgluhnames is understandable. Five
educators’ responses about the least favorite stsbjied not match up with their
graduates’ information; however, none of these Ive@ mathematics. Even with these
dissimilarities, no inconsistencies affected tleisaarch.

Interview and survey data supplemented each dBraduates described parts of
their instruction that they vividly remembered, lghiorgetting curriculum names. The
educator filled in the missing curriculum namekdwise, the educator provided very
brief explanations of the graduates’ view of theath experience or their preparedness
for mathematics in college, while most studentb@lated on these. Likewise the
educators’ wrote brief summaries concerning selfhgor self-directed education, while
most graduates described this in great detailth&listudents seemed very sincere and
willing to share their stories. The educator sursiata balanced the interview evidence.

Homeschool environmentSeveral themes emerged in all participating famsiilie
Participants described their family demographi@stiplayed an important in the
decision to homeschool. Parents reported collegeatbn. Direct teaching took place.
Graduates completed challenging math classestudests believed their math
education to be adequate, preparing them well fthematics in college and all but one
educator, agreed. All participants and most ofetheécators described mastery learning.
All students believed mathematics to be usefulsibd®m and worthwhile. The interview
and survey data corroborated the findings.

Family demographics. Since the majority of graduates were obtainedroyball
sampling, the family demographics were skewed tds/éine researcher’s range of
contacts. All families consisted of two parentshwivo to six biological children. Two

families had two children, one family had threddtan, four families had four children,
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one family had five children, and two families hax children. Nine of the ten
participating families were Caucasian and one fiaimdd an Asian Indian parent and a
Caucasian parent. Nine of the ten families live@auth Carolina, five in the suburbs and
four in an urban area, clustering around two cifigse Virginia family resided in the
suburbs, near a major city. These families had Isocholed twelve or more years, some
over 20 years. All but three participants were herheoled K-12.

Faith. As with the family demographics, the faith-bas¢hafse graduates was
skewed due to the range of the researcher’s centakttfamilies reported faith-based
motivations for homeschooling. They referred tart@ristian faith in the survey,
desiring to impart Christian values within theitildren’s education. Also, some of the
graduates referred to faith as a motivation for @schooling and a few shared their own
Christian faith, Kim sharing her interest in thegpjo

Parent education. All parents reported attending college. All butsMtee
completed a Bachelor’s degree and several had gtadegrees. Four earned specialty
degrees (an educational doctorate, a pharmagstysical therapist, and a radiologist).
Sixteen of the twenty parents had science or ma#ted majors and/or vocations (Table
15). Mrs. Hall parent had elementary teaching fieation and experience and Mrs.
Jones had public school teaching experience, lwhhbacompleted teacher certification.

Direct teaching. Graduates and educators described direct teadburgng the
elementary years, mothers taught their studen¢gttijrone on one, using worksheets or
basic math curricula or in small group situatiofisis individualized teaching continued
until middle school, Tad and Rob until high sch&dme fathers tutored.

Mathematics courses. Students completed challenging courses. All cotegle

Algebra | and Il, as well as geometry. All excepadtook pre-calculus and ten finished
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calculus. Ali, Don, Ned, and Tad took Calculus 2zany felt their mathematics
preparation helped them on the SAT math subtesat,atwconcurrent enrollment math
classes, and with mathematics skills needed agmllAll participants performed well.

Well prepared. All graduates and most of their educators belieheth to be
equipped for mathematics in college. Fourteenwelt prepared, while Ben and Wes
thought they were fairly well prepared. Most repdrtoing well in the their college math
courses, or classes that required an understanfimgth principles. Several reported
that they did very well in university or college tha&lasses. Ben and Sue reported that
they were rusty on skills but since they had théheraatical background, they were able
to catch up and perform well in their math classes.

Comparing the MSES (Betz & Hackett, 1993) ParMathematical Classes)
results (Tables 11 and 13), the level of mathermali@sses, the perceptions of being well
prepared for college mathematics, and the SAT malttest scores, did not produce any
clearly defined patterns. Four of the six maleseddrom 8.6 to 9. Notably, each of
these four also scored very well on the SAT (74D, 750, and 780, respectively) and
reported that they performed well in dual enrollineadculus. Ned and Tad also
completed Calculus 2. The other two scored 6.16H5dWes and Ben, respectively).
Wes'’s SAT (700) did not seem to match with thisregaeither did he take Calculus
during his homeschool years. Ben’s SAT score (&&3 lower, yet he took dual
enrollment calculus and earned an A. The mathealataurses taken, the SAT scores,
and the MSES Part Il results lined up for fourhad six male participants. For these four,
the MSES Part Il results indicated they were vamyficlent in their ability to perform

well in math-related college courses. Ben and Wesadt exhibit that confidence.
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The female MSES Part Il scores clustered closezthamy than the males, from 7.4
to 8.9. Hali, Ali and Ela scored above 8: (8.1, &dd 8.9, respectively). These were very
high MSES scores for females. Yet, their SAT scdidsot seem to match up (620, 660,
and 620, respectively), as did most of the malegkigistudy. The female with the
highest SAT (730), Kim scored a 7.9 on the MSES Parhis was still a high score for
women, but lower than the top three. Kim had fusshed her first semester at
university and perhaps was not as confident as Whljiand Ela who were further along
in their studies. Overall, the ten females scoretl an the MSES Part I, showing
confidence in their ability to perform well in matélated college courses. They had
indicated in the interviews that they had performed in college, aligning somewhat
with the MSES Part Il results.

Mastery learning. The entire student group described mastery legridaveral
educators also discussed this philosophy. Mr. Wedglal a bridge analogy to emphasize
accuracy. Graduates were expected to rework inctgpreblems until consistently
correct. Some worked extra problems and Rob andeVad retook tests.

Productive disposition. All graduates agreed that mathematics was useful,
sensible, and worthwhile. Math applied to budgetsigppping, and taxes, as well as the
sciences, nursing, and engineering. All but MrsdReported that their student believed
mathematics to have application to their lives, Rlali, and Mrs. Rice related math to
God’s creation.

Other topics emerged from the interview and surv8gson was the most
popular curriculum. Participants described selfigtar self-directed education. Several
parents and students showed interest in math a@adcgerelated fields. Similarities

existed in the amount of math classes completedarand outside the home. Several
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graduates and a few educators acknowledged thes&tr@ature of mathematical study,
while a few graduates and educators describedse sgraccomplishment. Several
participants and some educators mentioned flesgbBome graduates worked with
siblings. Many patrticipants and their educators to@eed socialization.

Curriculum. Of the six curricula mentioned, Saxon dominatedrt€éen
graduates used Saxon textbooks. Seven studenfswarnelucators commended the
Saxon curriculum for its repetition and incremer@proach. Mrs. Rice used Saxon for
her six children and appreciated its adaptabibtyimdependent learning. Some students
acknowledged ABeka and BJU curriculum for its aitanto basic foundational math
principles in the elementary years. A few educasémd graduates liked Chalkdust video
teaching segments. Ben and Kim used Teaching Tek#hdut were not satisfied. Rob
and Tad used UCSMP, appreciating its rigor andiegobn to real life. Ali loved Math-
U-See and in part, credited it for her proficiency.

Self-directed learning. Fifteen graduates and their educators discussedtaedly
or self-directed learning. As they matured in tmeathematical studies, the students read
the textbook by themselves, completed the exeraskependently, and then either
corrected their work or had their parent (usudlly tnother) check the answers. For
some, this started in middle school, while othéasted in high school. While the
graduates self-directed their math studies, ortheoparents still tutored when necessary.
Graduates and educators alike praised this typeaafing because it taught them how to
learn and prepared them for college.

I nterest in math and science related fields. At least one parent of each
participating family possessed a math or scientza@ college degree used math-related

skills at work (Table 15). Eight parents majoredarence or engineering, and two

179



majored in Math for their undergraduate degreeso €arned their Bachelors in Nursing
and worked as RN's. Three went onto earn Mastegseds in Computer Engineering,
Economics, and Mathematics. Four completed spgdelyrees (Educational Doctorate,
Pharmacist, Physical Therapist, and Radiologigtyefal used mathematics principles in
their jobs (bank teller, coordinating rental prdpes, engineering, financial controller,
financial planner, pharmacist, and sales). Theuates also tended to major in these
disciplines (Table 15). Nine majored in the sciexjt¢bree in nursing, one in marketing,
with one minoring in mathematics. Two graduateshiad college and worked, one as a

nurse and the other as a chemist.
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Table 15

The College Majors and Vocations of Graduates aneifTParents

Graduate College Major  Father Degrees/VocationSlother Degrees/Vocations

Ned Chemistry Radiologist Nursing/RN

Cali Biology Business/Controller Industrial Engering

Sue Marketing Business/Controller Industrial Eregiring

Ela Chemistry Math/Economics/Mortgages ElemenEadycation

Ola Music Math/Economics/Mortgages Elementarydadion

Tad Pre-Med Ed.D/Rental properties Math undergaselgraduate

Rob Computer Ed.D/Rental properties Math undehgmée/graduate
Science

Wes e Engineering Journalism

Mae Nursing Engineering Journalism

Ali Chemistry Chemical Engineering Bank Teller

Hali Nursing Chemistry/Computer Eng.  Pre-Med

Ben Microbiology Media Arts Physical Therapy

Que English Media Arts Physical Therapy
Spanish

Kim Civil Business/Financial Planner Pharmacist
Engineering

Lea Nursing Chemical Engineering Nursing/RN

Don Chemical Chemical Engineering Nursing/RN
Engineering/
Math minor
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Math classes completed at home. Fourteen graduates completed all or a majority
of their math classes at home. Starting in middhesl, only Kim and Ned participants
took math classes at a separate location with dthiereschoolers. Six finished all their
homeschool math classes at home. The others cadletir math classes at home until
sometime in their high school career.

Math classes completed outside of home. Ten graduates completed some math
coursework outside of their home. Four took clagses educational setting that
exclusively involved other homeschoolers. Kim aretifraised these classes. Seven
took community classes, while Rob and Tad enraheallocal university, during their
later high school years. Graduates and educatpreepted these college courses. Four
students discussed the wait time in those cladsesto individuals who slowed up the
class pace with their questions.

Stress in mathematical study. Both educators and graduates reported stressful
situations with math. They explained tension betwa®ther and the student over math
instruction and Mae reported stress during tutofiag her father. Several wanted to
take mathematics classes with other homeschoaldrslp alleviate the stress. Ela
struggled with math in her elementary years, Dah lagma struggled with Advanced
Math, and Hali, Ned, and Que were stressed by thatlughout their homeschooling.

Sense of accomplishment. Several graduates reported a sense of accompidghme
with their homeschool mathematical study. Durintiegpe they realized their
homeschool math courses had well prepared thechadlenging college situations. Al
said, “It made me feel smart.” Ali, Ola, and Wesimi&ned that math was, “fun.”

Flexibility. Graduates and educators appreciated the flexililay

homeschooling provided. It served as a reasoratb &hd continue homeschooling.
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Flexible scheduling accommodated special interékesacademic subjects,
extracurricular activities, music lessons, commusérvice, and sports. Graduates and
educators acknowledged the ability to control thegoof the math lessons to meet
individual needs. Parents had the flexibility tes@ more time with their students in
what Kim called “teachable moments.” Mothers imedmpractical math applications in
shopping, baking, and taxes, while fathers paidigg in conversations about their work,
building things, and finances.

Working with siblings. Most of the graduates worked with their siblingen
worked with them in mathematical study. Two tookiimelasses with a sister or brother.
Six tutored younger siblings. Siblings tutored eéhgeaduates.

Socialization. Participants addressed some aspect of socializatitheir
homeschooling math classes. Most math classesplack in the home apart from the
graduates’ peers. As mentioned previously, all gaées completed their elementary
school math at home one on one with their moth@neron two with a sibling. In middle
school Kim and Ned took math classes with otherésrhoolers and excelled
academically as well as enjoyed the socializatigh peers). In high school, Ben and
Hali took a pre-calculus class at a resource cealidrough they enjoyed the social aspect
of the class, they both admitted not learning angtimew. Graduates reported taking
classes with homeschoolers outside the home fgeststother than math. Cali stated she
was not “scarred socially.” Sue related that sheyama being around adults. Que
appreciated the ability to interact with peopleabbfages and backgrounds. Ben prized the
great people he met during homeschooling. Ninewgtes enjoyed their community
college/university math classes from a social peepe; Ali reported that it helped her

make the transition to university. Notably, Haly&) and Wes wished that they could
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have taken math classes with at least a few oftael noted that homeschool educators
must be intentional about providing social expereanfor their children; it was hard to
adjust to university life his freshman year. Upefiaction, none of the graduates
expressed resentment about their homeschool szatialh experience.

MSES. As a group, these graduates and their parentscseak above average
on their math self-efficacy surveys (Table 16). eeored at or above 6.1 (one mother).
Thirty out of the thirty-six participants scoredaatabove 7.3. Twenty-two scored 8.1 or
higher. When translating these numbers to the paleequivalents based on gender
(Table 10), these numbers show a high math setfaefy.

All student and parent participants ranked at G@qugile or better (Table 18).
One mother, one father, and one male graduatecladbe 60 percentile. One male
graduate and two mothers fell in the 70 to 80 pdileerange. Two graduates, two
fathers and three mothers ranked somewhere ithéo middle 80 percentile range.
Notably, the other 23 participants, including 12dpates and 11 parents, placed at or
above the 90 percentile. Most of the students (7&8d)over 50% of the parents ranked
in the top 10-percentile, indicating a very hightimself-efficacy for this population.

However, comparing the student total scores wiglr tharents’ does not reveal a
pattern, either for gender or mathematical inteféath graduate’s total score correlates
more closely with either one of the two parentsd{&d. 6). Notably, not one set of
parents has identical or very close MSES scorddulthe Rice and Sims families have
a spread of approximately one point. Nine gradu&bésl scores align more closely
with their mothers, four of which match very closel exactly. Seven student
participants’ total score line up more with theitifers and Ali's and Ela’s of these very

closely or exactly match. These did not all aligon@ading to mathematical interest. Wes
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scored well below both his parents. No predictglalieern appears with gender and
mathematical interest.

Slightly more female graduate scores align withrthmthers, while the male
graduate scores are equally split among the par&itsfemale scores are closer to their
mothers, with Hali and Lea closely or exactly matgitheir mothers’ score. The
remaining four females are closer to their fatlagrd Ali and Ela closely or exactly
match. Rob, Tad, and Wes line up with their mothRsb and Tad closely or exactly
match. Ben, Don, and Ned come closer to theiefattscores. No strong relationship
emerges from this data.

The correlations in Table 17 corroborate these @ispns. The mostly weak
correlations (-0.13, 0.07, 0.09, 0.10, and 0.1 aestrate that no predictable pattern
exists in these participants concerning graduat8&#$scores with the scores of their
mothers or fathers. The strongest correlation c@efft occurs between the six male
participants and their fathers (-.47), a strongggative relationship. However, with such

a small sample size, no pattern can be determnoea this larger negative correlation.
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Table 16

Graduates’ MSES Total Score Side by Side With Rairen

Graduate Gender Graduate MSES Father MSES MMB&S
Ned M 8.8 8.1 6.1
Cali F 7.6 8.4 7.2
Sue F 7.6 8.4 7.2
Ela F 8.7 8.6 7.2
Ola F 8.1 8.6 7.2
Tad M 8.7 7.8 8.7
Rob M 8.6 7.8 8.7
Wes M 6.7 8.7 7.1
Mae F 7.4 8.7 7.1
Ali F 8.6 8.6 6.7
Hali F 7.9 8.5 7.9
Ben M 7.3 7.6 7.9
Que F 7.3 7.6 7.9
Kim F 8.3 6.8 8.1
Lea F 6.8 8.1 6.7
Don M 8.3 8.1 6.7
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Table 17

Correlations of Total MSES Score of Graduates Wiinents

Type With Father With Mother
All Graduates -0.13 0.12
Female Graduates 0.07 0.10
Male Graduates -0.47 0.09
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Table 18

Graduates’ percentiles (Betz & Hackett, 1993) SigeSide With Parents

Graduate  Gender Graduate % Father % Mother %
Ned M 95 90 60
Cali F 90 95 80-90
Sue F 90 95 80-90
Ela F 95 95 80-90
Ola F 95 95 80-90
Tad M 95 80-90 95
Rob M 95 80-90 95
Wes M 60 95 80-90
Mae F 90 95 80-90
Ali F 95 95 70-80
Hali F 95 95 95
Ben M 70-80 80 95
Que F 80-90 80 95
Kim F 95 60 95
Lea F 80 90 70-80
Don M 90-95 90 70-80
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The Central Question

How does the homeschool environment, includinguatéis (of both graduate and
educators), instructional practices, relationshesl physical surroundings (may include
more places than the home) contribute to the madtieah proficiency of homeschool
graduates?

Attitudes. All homeschool graduates reported a positive aléittowards their
homeschooling experience. They expressed thelr &sita primary motivation for
homeschooling, as well as academics and proted@arents valued higher education and
modeled that by earning college degrees. Most p&(80%) showed interest in
mathematics with their college majors and choiceoafation. Likewise, most graduates
(75%) chose math or science-related majors. Apapgrespecially the fathers, the
parents exhibited a high math self-efficacy. Naopsigingly, the graduate MSES scores
and interview results demonstrated productive digjpm, confidence in their
mathematical ability and belief that mathematics wseful, sensible, and worthwhile.
Many participants reported stress with mathemasittadies, working with their mother
and with the subject matter. Yet, there was a sehaecomplishment when
understanding a challenging concept and graduates pvepared for college
mathematics. Most believed that they were well @reg; all but one educator agreed.
Educators and students appreciated the flexilmityomeschooling in scheduling,
selection of curriculum and courses, and pacing;ftcilitated family interaction,
extracurricular activities, the pursuit of specrdkrests, as well as successful completion
of their mathematical studies.

Instructional practices. Five major themes emerged in this category: direct

teaching, mastery learning, self-directed learn8myon curriculum, and challenging
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math courses. Direct teaching dominated the eleanggears. Mothers taught with basic
mathematics curricula, reading the text and comgehe exercises with their students.
Some families continued with this format until mieldchool, and even into high school.
Several fathers helped tutor their children, espgcwith upper level math courses.
Emphasized in all homeschools, mastery learnink the form of consistent monitoring
and reworking of incorrect problems. Under parestglervision, students progressed to
self-study or self-directed learning at some puoirtheir homeschool career. A majority
of the graduates used Saxon curriculum. Most okthdents and some educators
appreciated the rigor, repetition, and incremeapgroach. Other curricula positively
mentioned included: ABeka and BJU (for elementa@yjalkdust, UCSMP, and Math-U-
See. All the graduates completed the traditiongh lsichool math classes, Algebra | and
Algebra Il, and geometry. Except for one, theseenis finished pre-calculus and several
went onto to calculus.

Relationships.Mostly familial interactions occurred in homeschog| but other
topics emerged. Family demographics coincidedfaktilies consisted of two parents
and two to six biological children, with an averageount of four children. Nine of the
ten families were Caucasian and one family hadwc&aan mother and an Indian Asian
father. All families had homeschooled for twelvenmore years and most graduates were
homeschooled from K-12. Several graduates desctitgdloseness of their families.
Some worked with their siblings: taking mathematiosrses together, tutoring in math,
or receiving help with their math lessons. Eaclidgede discussed socialization. They
took classes with other homeschoolers, some in.ndtrer wished they had taken math

with other students for the social aspect. Only @ported a somewhat difficult
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transition to university social life. None of theaguates expressed discontent regarding
their homeschool socialization experience.

Physical surroundings.The graduates lived in three main geographic afias.
of the families resided in the suburbs, five in ®oQarolina near a major metropolitan
area and one in Virginia. The other four familiegd in a major South Carolina city, an
urban area. Most math classes took place in theehespecially in the elementary and
middle school years. Math classes outside the heemne located at community colleges

or a university or an educational facility with etthomeschoolers.
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CHAPTER FIVE: DISCUSSION

The purpose of this multiple case study was to tstded and explain how 16
mathematically proficient homeschool graduates meduheir proficiencyAll
participants scored 600 or above on the math subtéise SAT and were homeschooled
a minimum of seven years. A modified sample NAERd&r1l2 math assessment
(Appendix A), supplied further evidence. Their ealiacs filled out a survey that mirrored
the interview questions. Both parents and the greeducompleted the Math Self Efficacy
Survey [MSES] (Betz & Hackett, 1993). Bronfenbrensi€1979, 1999) bio-ecological
theory served as the theoretical basis and the BIR@®@& Strands of Mathematical
Proficiency (Kilpatrick et al., 2001) provided thenceptual framework.

Bronfenbrenner’s (1979, 1999) theory framed thdre¢ research question and
the sub research questions. How did the homesemwaionment, comprised of family
member attitudes, instructional practices, relamps, and physical surrounding
contribute to the mathematical proficiency of tleenteschool graduates? The five
supporting questions involved the graduate andadudescriptions of the homeschool
environment, the MSES scores of the graduatestaidgarents, and the surfacing
patterns between the graduate and educator infammat

The Five Strands of Mathematical Proficiency (latipck et al., 2001) verified
the graduates’ mathematical proficiency. Thesendsancluded: conceptual
understanding, procedural fluency, strategic coemmt, adaptive reasoning, and
productive disposition. The modified NAEP assesdntee MSES scores, and the
interview data supplied the data used to evaluath graduate. Additionally, their SAT

math subtest scores provided further insight iheartmathematical competence.
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Each graduate demonstrated mathematical proficisogt completely fulfilled
all five components of mathematical proficiencyo$t who lacked in one strand
exhibited proficiency in scholastic profile, SAT thaubtest scores, and college
performance, thereby, qualifying them for this stud

This group of students constituted a select segofeahe homeschool population.
Two gatekeepers reported that such a selectionrokbchoolers with higher SAT math

subtest scores was difficult to find. Their storéer much concerning math preparation.

Summary of the Findings

Gender

Notably, gender issues surfaced. Despite one Eegraduate’s comment about
debunking the gender myth of boys being more madiieally inclined than girls, those
stereotypes seemed to be fulfilled, in part, byasercomparisons. The average male
SAT math subtest scores surpassed the female ti&awise, the average male NAEP
assessment exceeded the female one. Although tleecanerage total MSES score
slightly topped the mean female score, the avei@geale percentile ranking was five
points higher than the average male one. Howelersinall sample size of six males and
ten females, does not allow any type of generatinab the homeschooling population.
Homeschool Environment

Bronfenbrenner PPCT variables (1999) served tmddate measurable categories
within the homeschool environment. Attitudes repreed the person variable. The
academic activity, or instructional practices c@kethe process variable. The context
variable, encompassed the homeschool environmeattec! by the attitudes,
instructional practices, relationships, as welblagsical surroundings. The graduates’

development from their elementary years to thegmesme addressed the time element.
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The systems: micro, meso, exo, macro, and chr&@ronfenbrenner, 1979, 1994)
enabled the identification of different elementshed homeschool and provided
organization to the PPCT variables data collection.

Comparing the within case analyses of the 16 pesftgarticipants led to the
discovery of several emergent concepts. Severaldapirfaced from all or most of the
graduates. These themes arose in the context aftiheles, instructional practices,
relationships, and physical surroundings of the észhool environment.

Graduates and their parents portrayed similaudts. All educators referenced
their Christian faith in the survey (Appendix ZpW&ral graduates confirmed those
values. The transmission of Christian values wasthin homeschooling motivation,
followed closely by academics and safety. The nigjof parents and graduates showed
interest in STEM college majors and vocation. Alt bne parent completed at least one
college degree. A majority of the parents (80%)arey in a math-related subject or
currently worked in a vocation requiring math-rethskills. Similarly, 75% of the
graduates had math or science-related majors.aMlligipants’ MSES scores ranked at
the 60 percentile or above. Most clustered arobe®0 percentile and several exceeded
the 95 percentile. This demonstrated productivpasigion, the fifth strand of the NRC’s
mathematical proficiency model. Many graduateseshatators reported stress in
studying mathematics. The graduates felt prepareddilege mathematics; only one
educator did not agree. Participants noted thebiley of homeschooling in:
scheduling, course and curriculum selection, arthga They felt it contributed to
successful academics, family unity, and extraculaicinterests.

The participants lived in two parent families watt biological children. One

family had Asian (India) and Caucasian children Hredrest consisted of all Caucasian

194



members. The amount of children per family rangethftwo to six, with a mean,
median and mode of four children per family. Theyneschooled for at least 12 years
and many families had finished homeschooling, pgraduated most of their children
from that program. Participants mentioned clos¢-kuaclear families. Some took math
classes with their siblings and some tutoring ommibetween siblings. Each of the
graduates referred to socialization issues, bué mompressed discontent regarding their
homeschool socialization experience.

The graduates and their families resided througtvea states. Most lived in
suburban areas, while the rest came from urbarni¢éosa More than half of the South
Carolina participants were located in suburbs agaajor metropolitan area. The other
South Carolina participants made their home inr@amarea. The majority of math
classes took place in the participant’'s homes,@albhefrom the early to the middle
years (K-8). Many graduates attended classes eutsedhome: in community colleges or

a university, or in a classroom setting with othemeschoolers.

Correlating Findings with Homeschool Research

The findings of this study confirmed and extendgisting homeschool research.
Certain family demographics were repeated. Mathieadahstruction was examined
further. Graduates were given a voice. The acdgoimsdf mathematical proficiency was
addressed in detail. The discussion is organizedrdng to attitudes, instructional
practices and physical locations.

Attitudes
Graduates and educators shared positive attitiadeeming the graduates’

homeschool experience. Most responses alignedolesgly. Ortiz (2000) found that the
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homeschool students and their educators sharethspoisitive viewpoints towards the
homeschool experience. However, Van Schalkwyk amaes (2011) found dissimilar
views between younger students and their pareiist adbe homeschool environment.
Positive attitude Homeschooling agreed with these graduates. Thexgtiiat a
good fit. None of the graduates reported any siganit socialization problems adapting
to university; one did allude to some difficultiésit he adapted in due time. Above
average MSES scores (the majority in the top 96gmgile) demonstrated high math self-
confidence. This corroborates homeschooling liteggtwhich reports that
homeschooling students appear to surpass the awaldaming, social group behavior,
and self-concept of their non-homeschooling peResliam et al., 2007; Bolle et al.,
2007; Byers, 2005; Goodman, 2008; Medlin, 2000;,Ra&p4; Shyers, 1992; Thomas,
1998, 2002). The majority of participants relatieeyt were well prepared for college
mathematics, correlating with research indicathmg homeschool graduates were well
prepared for college level study (Bagwell, 2010tI8et al., 2007; Byers, 2005;
Clemente, 2006; Cogan, 2010; Galloway, 1995; J&n@soeckner, 2004). Yet, their
high math self-efficacy seemed to contrast withwBalt)(2010) and Jones (2010), who
reported homeschool students insecure of their enadlical preparation.
Homeschooling motivation.In a meta-analysis of homeschooling motivation,
Spiegler (2010) found four major areas: academmsals and socialization, safety, and
family unity. This study’s findings support thosategories, substituting faith for morals.
Faith. In this population, their Christian faith providéte biggest motivation for
homeschooling. Homeschooling literature reportddngest subgroup of homeschooling

parents considers themselves fundamental, evaab€liristians; they want to impart
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their values and family unity to their children (@p, 2007; Basham, 2001; Hanna, 2011;
Lyman, 1998; Ray, 2010; Rudner, 1999).

Academics. Within this study population, academic concerns #axibility
offered secondary reasons for homeschooling. Treyted to select appropriate
curriculum reflective of their values and that best their students’ needs. These ideals
align with homeschool literature (Basham, 2001; ayy1998; Spiegler, 2010).

Protection. Graduates talked about their parents protecting them bad
influences and keeping them safe from bullyingialamggression, and gang activity.
Graduates appreciated their parents’ persistenteane for them. Specifically, one was
eternally grateful; two others were very thankhatttheir teacher was someone who
loved them. According to Ray (2000), homeschooéffgrded children the focused
attention of a parent educator, committed to thveifare.

Instructional Practices

The instructional practices revealed in this redeatign with a plethora of
homeschooling literature. Parent educators attehdateschool conferences and support
group meetings, as well as carefully selected culaibased on learning styles.
Graduates benefitted from direct teaching, cargdlected curricula, mastery learning,
outside classes, flexibility, and meaningful corsations.

Direct teaching. All graduates received direct teaching from theatiers in the
elementary years. They read the text with the stisdend helped them complete the
exercises. They utilized basic mathematics workbaotd/or worksheets. Martin-Chang
et al. (2011) found that more structured teachmgetated with higher standardized test

scores among younger children.
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Curriculum. Saxon was the most popular curriculum choice. Alsed in
conventional schooling, Saxon emerged as one otaw@rograms in a study conducted
for the U.S. Department of Research (Viadero, 2008¢ homeschool graduates and
educators liked Saxon’s more traditional approacth the no frills black and white
pages and repetition, as well as its rigor. Homeslihg parents used a more traditional
approach of drill and practice (Shepherd, 2010)\&aided rigor and repetition
(Clements, 2002). In her survey, Peterson (20lunddSaxon and Math-U-See to be the
most popular curricula. Math-U-See was highly pdiby one graduate and her
educator. Only a few graduates mentioned manipastifor basic math concepts.

The committed educators in this studied matcheld thibse identified in
homeschooling literature. Home educators researcptdns. They carefully chose
curricula based on individual needs and recommetiagathered from homeschooling
conferences and networking with other homescho@Bashman, 2011; Bannier, 2007;
Hanna, 2011; Patterson et al., 2007; Richman €1292). Patterson et al. (2007) found
committed parent educators, wanting the best far tthildren, practicing child-centered
instruction with curriculum that matched individdearning styles, with flexible
structures and schedules, many incorporating yaare schooling. In this study, some
graduates reported regularly completing math instiramer.

Mastery learning. Graduates consistently reported mastery learmihg;h they
defined as regular correcting of work (mostly bygras) and reworking of problems.
Mastery learning is found throughout homeschodlitegature (Bannier, 2007; Clements,
2002; Meighan, 1992, 1995, 2010; Peterson, 201y, 2, 2002). Results suggested

that the more parents corrected student work aeda#d math workshops, the better
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their students scored on standardized testing (Rachet al., 1992), while immediate
feedback remained critical to maintaining inte(@stnnier, 2007).

Self-directed learning The graduates participated in self-study or dedeted
learning. Ray (2000) reported that homeschooling beastudent-directed, as well as
parent directed. These homeschools fit that patteathers directed the graduates, at
least in the early years and facilitated their ml¢€lass schedules and then the students
progressed to self-study or self-directed learnirigey took ownership of their studies.
Holt (2011) promoted self-direction of learners.iyfe@n (1995, 1999) labeled “plan, do
review” type of learning managed by learner as@assful educational behavior. In
homeschooling students, Williams (1991) found rangrpatterns of flexible structures,
which promoted a moderate to high level of studenndonomy, and Goodman (2008)
found them to be autonomous in their learning, \thigir parents as guides.

Outside classesAll but five graduates participated in outside meldsses. Two
graduates attended these classes starting in nsddéml, with other homeschoolers.
Others waited until high school for community cgleor university courses. Goodman
(2008) found that 12 out of 16 college studentsyjmusly homeschooled, attended co-op
classes or tutoring in core classes.

Flexibility. These participants acclaimed the flexible aspebbafieschooling.
Their schedules were adjusted to allow for diff¢taterests, in courses and
extracurricular activities. Some reported that madis completed on weekends and
summers to accommodate other opportunities. Honoedioly educators incorporated
flexible scheduling that adapted to learner’s nesdbinterests (Meighan, 1995;

Patterson et al., 2007; Williams, 1991).
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Conversations.Graduates reported conversations that stressecmatical
application to life skills. Fathers discussed theark at the dinner table. One father
talked about finances with his children. Otheratedd how useful mathematics was as a
language, describing and quantifying scientifiaipiples. Mothers took children
shopping and practiced math skills. One graduditel¢a these conversations as
“teachable moments.” Ortiz (2000) described corateras that applied mathematics to
everyday life. Meighan (1995, 1999) identified posjve conversation and
parents/guardians as learning agents as two aérellewmeschooling behaviors, which
promoted successful education. Bachmann’s (201helsohool STEM research,
identified practical application of mathematic miples in shopping and cooking.

In this research, most parent educators were mbtiee teachers. One possessed
elementary certification, with teaching experienseother taught middle school math,
but had not completed the final phase of certiftcatHomeschool achievement was not
significantly related to parent teacher certifioat{Rudner, 1999).

Dedication of these homeschool educators in diesathing, providing them with
rigorous and meaningful curriculum and outsides®#asas needed, individualizing their
education, moving them into self-study as they meatpaligned with homeschool
research (Hanna, 2011; Meighan, 1999, 2010; R&30,2Z2002; Thomas, 1998).
Relationships

Demographics.The ten two-parent families involved in this resgamatched
other homeschooling families highlighted in homesghiterature. Two parent homes
constituted 89% of the homeschooling populatioarBl et al., 2009). In this study 90%

of the homeschooling families were Caucasian, coetpwith a national average of 75%
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(Planty et al., 2009). The average amount of féwidoen per household matched
research findings (Van Pelt et al., 2009).
Gender

Comparing the average SAT math subscores, MSEBstmiees, and NAEP
assessments according to gender, shows that thegageof the six male graduates
exceeds the ten female scores. This seems to dantitRay (2010) and Rudner (1999) in
that gender did not contribute to standardized atac achievement among
homeschoolers. However, Ray (2010) and Rudner (1968 evaluating elementary and
middle school students, not university students

Connecting Findings with Non-Homeschool Research

Mathematical proficiency maximizes college and eamgportunities and
increases income potential (MNAP, 2008). One gradsianother believed that
homeschooling facilitated acceptance into bettdeges and more scholarships. An
educator perceived mathematical proficiency asadetgay to better jobs.”

Milgram (2007) suggested that students neededrfeqienathematical skills at
arithmetic and abstraction (algebra) levels to aegmathematical proficiency. All the
graduates in this study completed algebra, asagathore advanced math courses.

NCTM (2000) recommended equity, curriculum, teaghiearning assessment
and technology, for the development of thrivingsslmom environments. All of these
homeschools exhibited multiple examples of the five principles. Technology existed
in the families with the videos and was discusseahie interview where the graduate
explained that his father was ahead of the teclgyotarve with cell phones, computers,

and even providing a domain for personal websiteld@ment.
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NCTM (2000) standards involved content and procéssitent (arithmetic,
algebra, geometry, and probability and statistici€rsects with process (problems
solving, reasoning and proof, communication, cotines, and representations). Both
content and process were exhibited in the Saxamcalum. Among the graduates, there
was mention of their attainment of problem solvamgl reasoning skills.

Schoenfeld (2007) purported four aspects of mathieaigroficiency:
mathematical knowledge, problem solving strate@édity to connect knowledge to the
problem being solved, and tenacity. The 16 gradudg@enonstrated these components in
their NAEP assessments, MSES scores, SAT mathsidateres, and interviews.

Researchers in elementary and college settings1éin2010; Savey, 2009; Suh,
2007) have used the Five Strands of Mathematiadld®ncy (Kilpatrick et al., 2001).
This study uniquely utilizes this model in homesahaquiry.

Bandura (1994) described four sources of seltatfy: mastery experiences,
vicarious social models, social persuasion, andatoh of negative stress reactions.
These homeschool environments provided all fothéograduates. Graduates practiced
mastery learning, which led to mastery experien®isst parents (80%) modeled the
importance of STEM education in their majors anglxtyment. Parent educators
demonstrated commitment and persistence in homebrgpcontributing to social
persuasion. Flexible pacing, one on one tutorisgyeall as the absence of bullying, gang
problems, reduced potential stress reactions. ThWwbsesuccessfully build self-efficacy
in others, do so by encouraging individuals inttltempetencies, carefully constructing
situations where success is attainable, and noeplkem in a position prematurely,
where they will fail (Bandura, 1994). These gradsateceived encouragement from their

mothers and fathers. They progressed to self-sadkiey matured.
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Bronfenbrenner (2000) reported that family invohesrhstimulated children’s
growth processes and cited research that showktterhin two parents families scored
better academically. These families remained iately involved throughout
homeschooling. The graduates’ mathematical profeyersalidated their efforts.

The average MSES of the male graduates slighttgeded the female ones, as in
the Pajares and Miller (1994) and Betz and Haqké&®3) studies. However when the
average scores were adjusted for gender (Betz &e#ad 993), the female graduates
ranked in the 95 percentile, exceeding the male’pércentile.

Implications of this Study

This multi case study has answered several aatissearch and addressed a
dearth in the literature concerning mathematicafipiency in high school graduates,
specifically homeschooling ones. Identified matheoadly proficient students were
interviewed as recommended by Schoenfeld (2007%. Sthdy investigated an
underrepresented population in the homeschoolingcalum as suggested by Green and
Hoover-Dempsey (2007), Shepherd (2010), and VaalBatyk and Bouwer (2011).
Reported in this study were potentially effectivarteschool instructional methods
including: mathematical learning activity, mast&grning, curriculum choice and
implementation, diagnostic and remediation procesluteaching techniques, impact of
high school curriculum on college success, and f@gtices in alternative education.
These findings addressed recommendations from #a{g007), Bachman (2011),
Bagwell (2010), Bannier (2007), Clemente (2006} ekiand Ray (1995), Ortiz (2000),
Schoenfeld (2007), Shepherd (2010), and Sutton Ko®ay (2000). As advocated by

Cizek and Ray (1995), this inquiry has linked hoohesling and general education
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research in the use of Bronfenbrenner’s (1979, 1BRBecological theory and the Five
Strands of Mathematical Proficiency (Kilpatrickast, 2001).

Uniquely, this collective study gives a voice tmteschooling graduates
proficient in mathematics. This information woule bseful to homeschooling parent
educators, non-homeschooling parents, as well@ageodional (public and private)
teachers and administrators. The findings of thégarch provide practical applications.
Homeschooling Parent Educators

Homeschooling parent educators seek to improveitistruction through
networking and what works for other homeschoolss Blocument provides information
from ten families and their homeschool environmeRtSTM (2000) notes that parents
desire to know their children’s standing with othand the areas in which they need to
improve. Homeschooling educators are in a unigs#ipa to understand and help their
children obtain the skills needed to become mathieaily proficient. General
recommendations are provided in bullet formattad®s, instructional practices,
relationships, and physical surroundings.

Attitudes.

e Model positive attitudes towards mathematics anthmelated vocations.
e Put stress of working with child in perspectivesipart of the process and
will ultimately reap rewards.

Instructional practices.

e Provide direct teaching to elementary and middieetchildren.
e Research and select rigorous curriculum with réipetilike Saxon).

e Incorporate mastery learning.
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e Promote student’s ownership of their education lnppsively training
the student to progress from direct teaching tbdie¢cted learning.

e Research and enroll the student in outside classeh,as classes with
other homeschoolers and community college courglesr( ready).

e Be flexible in scheduling to accommodate studetgrests and pacing.

e Engage in purposive conversations which demonsthnateractical
applications of mathematics, especially in the ymiryears.

e Take challenging math courses: Algebra | and Igngetry, pre-calculus
and calculus.

Relationships.

e Have siblings work together, either taking clagsgether, tutoring, or in
being tutored.

e Encourage the father’s participation in math tutgror in modeling of
math-related skills.

e Promote family unity.

Physical locations.

e Conduct the mathematics classes in the home wmieésme in middle or
high school.

e Consider outside classes in an educational faeilitly other
homeschoolers and/or community college coursesejpgpe the student

for university type classroom situations.
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Parents of Conventionally Schooled Children
Non-homeschooling parents of school age childrenlgvalso benefit from this
research. Certain behaviors may reinforce the estanal schooling. Certain attitudes
and instructional practices from the homeschootatbr list would prove helpful.
Attitudes.
e Model positive attitudes towards mathematics anthmelated vocations.
e Put stress of working with child in perspectivesipart of the process and
will ultimately reap rewards.
Instructional practices.
e Become involved early with the student’s math wdndp them with
homework and consistently check their answers.
e Promote student’s ownership of their education tmppsively training
the student to progress from direct teaching tbdiedcted learning.
e Engage in purposive conversations which demonsthnateractical
applications of mathematics, especially in the ymiryears.
e Have both parents involved with their mathematstatly.
Conventional School Educators
Public and private school teachers and adminissatould utilize these findings
to relate to homeschooling families. Some privateosls partner with homeschool
educators to offer classes and extracurricularnarong. Some states allow homeschool
students to participate in public school prograkiowledge of homeschooling practices
would be beneficial to those conventional educaseeking to attract homeschooling

students through online education, part-time onpaacademic programs, and
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extracurricular activities. A resource center dinoe would appeal to many
homeschooling families including:
e Flexible type scheduling with classes one to tli@gs per week.
e Rigorous curriculum that incorporates repetitiokgISaxon).
e Mastery learning.
e Allowing students to work at their own pace.
Trustworthiness

Trustworthiness, or rigor (Lincoln & Guba, 198@ntprises confirmability,
credibility, dependability, transferability, andthanticity. Confirmability establishes the
impartiality of the researcher. Credibility estabks the truthfulness of the findings.
Member checks and participant feedback enhancévdigd Dependability adds to the
consistency of the results. The expert review kyediucational researchers increased the
dependability of interview and survey questionserReview done by the dissertation
committee verified the dependability of the findsngransferability involves the
generalization of the results to other contexts Uibe of thick, rich descriptions in
meaningful quotes contribute to transferability tRenticity includes: transparency of the
interview process, raising consciousness abowseteknown phenomenon, giving voice
to the participants, and evaluating the impachefitoice. This research employed
authenticity with homeschool graduates as co-rebess.

Demonstrating confirmability, all data was orgadzand processed in the same
manner. Every piece of data was carefully cooreihaiccording to the graduates and the
families. Each interview was conducted in the samener. They were transcribed
verbatim and checked over twice. Direct quotes ftheninterviews and surveys were

inputed into identical charts for each participdAEP explanations and justifications
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were also recorded in chart format for each graust the within case studies took
place in the same manner, all completed beforéd¢hseen case analysis.

Providing credibility, copies of their participgmbrtraits and within case analyses
were emailed to all graduates, encouraging theutiand asking for corrections.
Thirteen of the sixteen participants provided mendhecks, correcting minor errors, as
needed. One clarified a statement she made, anldeangpdated her employment status.

Ensuring dependability of the researcher-madevr@e and survey questions,
each of the items was reviewed by educational reBees. This expert review was
conducted by six professionals with terminal degred with first hand knowledge of
homeschool and/or qualitative research. Severalucied research cited in this study.

Also guaranteeing dependability of the findingseipreview was conducted on
the within case and between case analyses by membtre dissertation committee.
They are familiar with homeschooling research, ofavhich are cited in this study.

Confirming transferability of the results, pangant portraits consisted of
interview summaries with thick, rich descriptione&hingful quotes illustrated various
themes. These quotes served as the basis for thia wase and between case analyses.

Guaranteeing authenticity, the homeschool graduseame co-researchers for
this research. Transparency existed in the interpicess. This research gave voice to
the participants, as they shared their perceptbtiseir mathematical proficiency. This
brings to light a topic that is underrepresentetheliterature. Several pragmatic
recommendations emerged from this cross case analys

Limitations

The small skewed sample size, the geographic mtgtand the self-report nature

of interviews and surveys are limitations to thigltincase study. Due to the nature of
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gualitative research, a small sample size is nacgsk this study, 16 homeschool
graduates and 10 families were studied. QualitaBgearch requires intensive study of a
small sample to provide rich text for evaluatioret,Yfindings from a small sample do not
allow for generalization to a larger populationeTesults of this inquiry may not
represent the homeschooling population at largeo Ahe location and settings of these
homeschool programs is a limiting factor.

These 16 graduates, from 10 families, residedbamiiand suburban areas. Seven
of the students, from four families, lived in a wragity in South Carolina. In a suburb of
South Carolina, five families made their home reearajor metropolitan area. The two
participants from the Virginia family also lived asuburb.

Also, the participants belonged to a select grdupmeschooling students. Not
all homeschool graduates score at or above 608e08AT math section. Considering
the snowball sampling and my range of contactsalidtomeschool families are two-
parent homes, with mostly Caucasian members, g Adaith-based motivation. Most of
the participants (10 out of 16) were female, nqil@pg to the approximately even
amount of male and female homeschool studentst{Péaral., 2009; Ray, 2010).
Thereby, these findings may not generalize to@héschooling families.

Additionally, the self-report nature of the inteswi and the survey are additional
limitations to the findings of this study. Percepis may be biased and not accurate.
Memories of past events may be incorrect.

Recommendations for Future Research

To generalize results, further research with nrattecally proficient homeschool
graduates needs to be conducted with a larger sastggd and a broader geographic area.

This inquiry was limited to families in South Cara locations and one Virginia site.
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Locating more participants throughout the Uniteat&t and other countries (in rural,
suburban and urban areas) would provide more weatsfity.

Additionally, further longitudinal research withi$ group of graduates would
provide additional information. Will they continmgth STEM majors and vocations?
Will they continue to hold positive views about hesohooling? Will they homeschool
their children?

Qualitative work may uncover areas for future quative inquiry. Without any
constraints on the SAT math subtest, a larger samply be surveyed to compare MSES
scores, SAT math scores, parental education, acatieos to see if there exists any
strong correlation among these factors.

More research needs to give voice to homeschaolugites and their
mathematical experience. Their reflection provimesght to learning. Many commented
that they learned how to learn and that provedlualde to their collegiate studies.
Further insight is needed into how proficient studdake ownership of their learning.

One of the female participants brought up a sigaitt gender issue, stating,

| wish that girls would go farther with math thathink that they do. . . . | just

think we have some sort of weird gender misconoegtiat boys are good at

math and | don’t see any real reason for that.
Further research into homeschooling and gendeesssuneeded. Does homeschooling
promote this idea that males perform better at p@atimitigate it, allowing women to
excel in math-related subjects?
Conclusion
These mathematically proficient homeschoolersrhadh to offer. Giving voice

to their perceptions provided insight into effeeteducational environments. In unique
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and creative ways, their parent educators creatatliptive atmospheres, modeled
positive attitudes towards math, and motivated tsteidents to mastery. Many themes
emerged from this research: strong nuclear famitiezsct teaching, self-study or self-
directed education, mastery learning, purposiveremations, and challenging
curriculum. As they matured, these graduates hpiiin the foundation set by their parent

educators and took ownership of their studies.
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Appendix A: Modified NAEP Grade 12 Mathematics Profciency Evaluation

Record time started: Record time finished:

DIRECTIONS:
Circle the correct answer for each problem.
Near to the problem statement and answers, show your work for solving
the problem. You may write anywhere on the problem.
Also, explain why you chose this method.

TEMPERATURES ON OCTOBER IST
FOR FIVE CITIES {in °F)

High | Low
City A 72 all
City B 20 -
CityC || 83 on
City D 7 50 37
City E 92 72

—

. The table above shows the high and low temperatures on October 1st for five cities. Which city
had the greatest temperature range?

City A

City B

City C

City D

City E

moawEe

SHOW YOUR WORK AND EXPLAIN YOUR METHOD:

2. John is going to cover an attic floor with insulation. The floor measures 25 feet by 35 feet. If one
roll of insulation will cover 64 square feet, how many rolis of insulation does John need?
A1
B. 2
C. 8
D. 14
E. 110

SHOW YOUR WORK AND EXPLAIN YOUR METHOD:
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3. The first four terms in a sequence are shown below.

40, 8, 24, 16, ...

Each term after the first two terms is found by taking one-haif the sum of the two preceding terms.
Which term is the first odd number in this sequence?

The 5th term
The 6th term
The 7th term
The 8th term
The 9th term

MUOw >

SHOW YOUR WORK AND EXPLAIN YOUR METHOD:

4. Quadrilateral ABCD is inscribed in circle C |, and £C is a right angle, as shown above. Segment
AB is not paraltel to segment DC . Which of the following statements must be true?

LAZELB
LB 22D

A.
B.
LB
C. is a right angle.

D. AC is a diameter of circle O .
BD

E. is a diameter of circle O .

SHOW YOUR WORK AND EXPLAIN YOUR METHOD:
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5. The manager of a company has to order new engines for its delivery trucks after the trucks have
been driven 150,000 miles. One of the delivery trucks currently has 119,866 miles on it. This truck
has the same delivery route each week and is driven an average of 40,000 miles each year. At
this rate, the manager should expect this truck to reach 150,000 miles in approximately how
many months?

A, Less than 4 months

B. Between 4 and 6 months
C. Between 6 and 8 months
D. Between 8 and 10 months
E. More than 10 months

SHOW YOUR WORK AND EXPLAIN YOUR METHOD:

_ _ o , fa+bix+ )
6. Which of the following expressions is NOT equivalentto - e ahalle’;
(a+bx+{a+b)y

a{x+v)+bix+ ¥)

1EJ : 3 a} ‘_‘L + .k':!

ax + by

ax +bx+ ay+ by

m e &P

SHOW YOUR WORK AND EXPLAIN YOUR METHOD:

7. The principal of a high school would like to determine why there has been a large decline during
the year in the number of students who buy food in the school’s cafeteria. To do this, 25 students
from the school will be surveyed. Which method would be the most appropriate for selecting the
25 students to participate in the survey?

Randomly select 25 students from the senior class.

Randomly select 25 students from those taking physics.

Randomly select 25 students from a list of all students at the school.

Randomly select 25 students from a list of students who eat in the cafeteria.

Give the survey to the first 25 students to arrive at school in the morning.

moow»>

SHOW YOUR WORK AND EXPLAIN YOUR METHOD:
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Question 8 refers to the following scatterplot:

$70.000 -

T

$60.000 +
$50.000 | asan
£ $40.000 1 Vae
= $30.000 {

4

$20.000 -

510.000 +

0 10 20 30 40 50 60 70
Age (years)

A random sample of graduates from a particular college program reported their ages and
incomes in response to a survey. Each point on the scatterplot above represents the age and
income of a different graduate.

§. Of the following equations, which best fits the data above?

} =—1,000x + 15,000

-

:‘ v = 1,000x

. ¥ =1000x + 15,000
L 10,000x

_ ¥ =10,000x + 15,000

SHOW YOUR WORK AND EXPLAIN YOUR METHOD:
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9. Angie has a bag containing n apples. She gives 4 to her brother and keeps 5 for herself. She then
divides the remaining apples equally among 3 friends. Which of the following expressions
represents the number of apples each friend receives?

——4-5
A. ?—._*_:
B. 3
C. <
D. 3 _

a—a

— — 4

E. z

SHOW YOUR WORK AND EXPLAIN YOUR METHOD:

10. Carlene told Kyle that a rectangular room measured 16 feet by 12 feet, to the nearest foot. This
means that the length could measure between 15.5 feet and 16.5 feet and the width could
measure between 11.5 feet and 12.5 feet.

Kyle performed the following calculations.

Dimensions (feet) | Area (square feet)
15by 11 165
155by 11.5 178.25
16 by 12 192
16.5by 12.5 206.25
17 by 13 221

Of the following intervals, which is the smallest interval that contains all possible values of the
area of the room?

Between 191.5 and 192.5 square feet
Between 191 and 193 square feet
Between 179 and 206 square feet
Between 178 and 207 square feet
Between 165 and 221 square feet

Moo

SHOW YOUR WORK AND EXPLAIN YOUR METHOD:
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1)

2)
3)

4)

5)
6)
7)

8)

9)

Appendix B: Semi-structured Homeschool Graduate Inérview

What is your: Age ___ Birthplace Birtherd  ?

Describe your siblings:

Child 1 Age____, Male/Female, Race (Afridamerican, Asian, Latino,
White, Other), Type of schooling (home, publicvate)

Child 2 Age____, Male/Female, Race (Afrisamerican, Asian, Latino,
White, Other), Type of schooling (home, publicvate)

Child 3 Age____, Male/Female, Race (Afriéamerican, Asian, Latino,
White, Other), Type of schooling (home, publicvate)

Child 4 Age_____, Male/Female, Race (Afrisamerican, Asian, Latino,
White, Other), Type of schooling (home, publicvate)

Child 5 Age____, Male/Female, Race (Afrisamerican, Asian, Latino,

White, Other), Type of schooling (home, publicvate)
What was/were the initial reason(s) your familyrt&td to homeschool?
What is/are the reason(s) your family continuelsameschool?

How long has your family been homeschooling? 1-&ye4-6 years, 7-10 years,
11-14 years, 15 or more years

Tell me more about your experience with homeschgoli
Describe your favorite subjects during your homestlyears.
Describe your least favorite subjects during youmbschool years.

Describe what math classes you took during yourdsmimool years (e.g.,
Algebra, Geometry, Pre-Calculus, Calculus, Proligitahd Statistics).

Describe your experience with math in your homesthg years
(adequate/inadequate?).

10)How well were you prepared for college mathematmsrses (if you have taken

any)?

11)Why you think you did so well on the SAT math s@btScoring in the top

25%)?

12)Describe the mathematics curricula you used in Isohm@oling (e.g., Saxon,

teacher-made).
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13)Describe what your mathematics instruction and B&pees were like (e.g. style
of instruction — structured or non-structured, citeaching, reworked incorrect
problems until mastery; group work, self-study,ie@lcourse, combination of
activities, co-op classes, other).

14)Describe the personal interactions in your homesictharing the time that
mathematical instruction took place (e.g., somknoited— self study;
parent/student interaction — conversations, lessstressful or enjoyable;
working with siblings — stressful or enjoyable).

15)Describe changes (if any) that took place in yoathrematical instruction over
the years of homeschooling (e.g., curriculum, D\I&sses, online classes, classes
outside of home).

16)How was your homeschool experience in math the sardéferent from your
homeschool experience in other subjects?

17)How do you view your overall homeschool math exgrece
(advantages/disadvantages)?

18)What would you have changed about your homeschath experience?
19)Do you view mathematics as useful, sensible, othvdrile?

20)What were your parents’ attitudes about and expeeg with math?
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1)

2)
3)

4)

5)
6)

7)

8)

9)

Appendix C: Homeschool Educator Survey

Tell me about your children: (Please fill in/cird¢lee response)
The homeschool graduate being interviewed: Agerthiplace __ Birth order
Describe your other children:

Child 1 Age , Male/Female, Race (Afriéamerican, Asian, Latino,
White, Other), Schooling (home, public, private)
Child 2 Age__, Male/Female, Race (Afridamerican, Asian, Latino,
White, Other), Schooling (home, public, private)
Child 3 Age__, Male/Female, Race (Afridamerican, Asian, Latino,
White, Other), Schooling (home, public, private)
Child 4 Age , Male/Female, Race (Afridamerican, Asian, Latino,
White, Other), Schooling (home, public, private)
Child 5 Age__, Male/Female, Race (Afridamerican, Asian, Latino,

White, Other), Schooling (home, public, private)
What was/were the initial reason(s) your familyrtetd to homeschool?
What is/are the reason(s) your family continuelsameschool?

How long has your family been homeschooling? (Rleasle the response)
1-3 years, 4-6 years, 7-10 years, 11-14 yearsy bhooe years

Tell me more about your homeschool graduate’s éspes with homeschooling.
Describe your homeschool graduate’s favorite subjéaring homeschooling.

Describe your homeschool graduate’s least favetitgects during
homeschooling.

Describe what math classes your homeschool grativakeduring
homeschooling (e.g., Algebra, Geometry, Pre-Cak;ullalculus, Probability and
Statistics).

Describe your homeschool graduate’s experience mith during
homeschooling (adequate/inadequate?).

10)How well was your homeschool graduate prepareddtbege mathematics

courses (if any were taken)?

11)Why you think your homeschool graduate did so welthe SAT math subtest

(top 25%)?

12)Describe the mathematics curricula you used witlr yammeschool graduate

during homeschooling.
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13)Describe what your homeschool graduate’s mathematstruction and
experiences were like (e.g., style of instructicstractured or non-structured,
direct teaching, reworked incorrect problems ungistery; group work, self-
study, online course, combination of activities;opoclasses, other).

14)Describe the personal interactions in your homesictharing the time that
mathematical instruction took place for the homestigraduate (e.g., some or
limited — self study; parent/student interactiooonversations, lessons - stressful
or enjoyable; working with siblings — stressfulestjoyable).

15)Describe changes (if any) that took place in yaamaschool graduate’s
mathematical instruction, over the years of homeslthg (e.g., curriculum,
DVD classes, online classes, classes outside oEhom

16)How was your homeschool graduate’s experience nvith during
homeschooling the same or different from their hecheol experience in other
subjects?

17)How does your homeschool graduate view his/heradMeomeschool math
experience (advantages/disadvantages)?

18)What would you have changed about your homeschadlugte’s homeschool
math experience?

19)Does your homeschool graduate view mathematicsefsilyusensible, or
worthwhile?

20)What are your attitudes about and experienceswittin?

21)Describe any homeschooling support that you haseived (e.g., homeschool
conferences, math workshops, support groups, coops)

22)If you know of other homeschooling families thaiimi participate in this study,
please ask them to contact mdéatty.Cardinale.Research@gmail.com

23)Other comments
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Appendix D: IRB Approval Letter

LIBERTY

UNIVERSIT Y.

The Graduate School at Liberty University

June 4, 2012

Betty CardinaleJIRB Approval 1353.060412: Secrets of Their Success:
Multiple Case Studies of Mathematically Proficient Home School
Graduates

Dear Betty,

We are pleased to inform you that your above study has been
approved by the Liberty IRB. This approval is extended to you for one
year. If data collection proceeds past one year, or if you make changes
in the methodology as it pertains to human subjects, you must submit
an appropriate update form to the IRB. The forms for these cases were
attached to your approval email.

Thank you for your cooperation with the IRB and we wish you well with
your research project.

Sincerely,

Fernando Garzon, Psy.D.
Professor, IRB Chair
Counseling (434) 592-4054

Liberty University | Training Champions for Christ since 1971
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Appendix E: Email of Intent to Potential Participants

My name is Betty Cardinal@étty.Cardinale.Research@gmail.coamd | am
conducting research for my dissertation at Lib&htyversity, Lynchburg. | have
homeschooled for 18 years. My oldest has graduaikelge, my second is a college
junior, and my youngest is a high school senior.

The importance of homeschooling research cannot handerstated
Homeschooling research played a vital part in géoemt California court casRéchel
L.). An appeals court denied the legal status of rtftae 150,000 homeschoolers based
on one case of alleged neglect involving a homesldiamily. Several months later, this
same appeals cowterturned its own decision based on expert testimony that
utilized homeschooling research.

My case study research involves the mathematicdigeency of homeschool
graduates and how homeschooling has contributdtatgroficiency.

(name of gatekeepérads kindly agreed to send this email to you. | dokmow the email
addresses of the families this form has been ethtolen order to protect your
privacy.fhame of gatekeepeavill not be involved in the data collection or ayss, nor
will they have access to any data collected from study.
You have been sent this email in hopes yloat and your homeschool graduate will
choose to volunteer in this study and help furthehomeschool research.
| am looking for homeschool graduates (ag@s23 who were homeschooled for
seven or more yeargthese do not have to be continuous, but theyade o end in
graduation [e.g. 4™, 10-12") and who score600 or above on the mathematics
section of the college SATIn this study | am asking for th®meschool graduatdo
participate in the following manner:
1) By completing a mathematical proficiency 10 questwealuation. This will be
emailed or mailed.
2) By completing a mathematics self-efficacy questare This will be mailed.
3) By participating in an at-home interview concernthgir mathematical
proficiency.
In this study | am asking for theome educator(s}to participate in the following
manner:

1) By completing a survey about your homeschool. Wisbe emailed.

2) By completing a mathematical self-efficacy questiaine. This will be
mailed.

3) By allowing me to view a copy of the homeschooldyrate’s mathematics
score on the SAT college entrance exam and a leigbos transcript with the
final grades of the homeschool graduate’s matheadatourses.

Note: Any data collected will be kept confidentald only pseudo-names will be used.

If you are willing to participate in this reseanglease email:
Betty.Cardinale.Research@gmail.com

Thank you,

Betty Cardinale
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Appendix F: Consent Form for Homeschool Educators

Secrets of Their Success: Case Studies of MatheafigtProficient Homeschool Graduates

Betty R. Cardinale
Liberty University
Graduate School of Education

You are invited to be in a research study thatséekxplain how some homeschool graduates
(18-23) became mathematically proficient. You andrygraduate were selected as possible
participants because your student graduated framlyomeschool, scored 600 or better on the
mathematics section of the college SAT entrandedes was homeschooled for seven or more
years. | ask that you read this form and ask amgtipns you may have before agreeing to be in
the study.

This study is being conducted by:
Betty R. Cardinale, Liberty University Graduate 8chof Education
Background Information

The purpose of this study is to explain how the éschool experience contributed to the
mathematical proficiency of some homeschool gragtuaflathematics curriculum and
instruction is based on research that demonsthatest works” to benefit students. This study
will investigate and explain the methods, expersnperceptions, and curriculum that
mathematically proficient homeschool graduates ntegntributed to their ability and
achievement.

Procedures:
If you agree to be in this study, | would ask youwl® the following things:

Complete a mathematical self-efficacy survey, &twvey will take approximately 10 minutes to
complete), complete a survey about your gradusi@iseschool and mathematical experiences
(this survey will take approximately 20-30 minutesomplete), and provide documentation
showing your graduate’s college SAT mathematicetiee score and final high school transcript.

Risks and Benefits of being in the Study

No study is without risk. However, the risks armimal and no more than the participant would
encounter in everyday life. As a result of thisdst awareness of uncomfortable and unpleasant
thoughts associated with the experience may inerddge study may involve additional risks to
the participants, which are currently unforeseeable

The benefits to participation are not material fhitanthropic, knowing that you added to the
growing amount of homeschool research that seesspiain the inner workings of successful
homeschooling (in this study - mathematically prigint graduates) to the general public and
other homeschoolers.
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Compensation:

A $50 gift card will be given to a randomly selettgraduate participant who returns the
mathematical assessment and the mathematicalfSeffey survey within two weeks after they
receive those items. Additionally, all homeschaaldyate participants will receive a $25 gift
card after they complete the interview and theiepacompetes the surveys.

Confidentiality:

The records of this study will be kept privatealy sort of report | might publish, | will not
include any information that will make it possiliteidentify you or your family. Research
records will be stored securely and only | will Baaccess to the records. All data will be stored
in my home computer (password protected) and sepleked containers in my home.

Voluntary Nature of the Study:

Participation in this study is voluntary. Your dgon whether or not to participate will not affect
your current or future relations with Liberty Unregéy. If you decide to participate, you are free
to not answer any question or withdraw at any tvita out affecting those relationships.

Contacts and Questions:

The researcher conducting this study is: Betty Rlibale. You may ask any questions you have
by contacting me at (803) 517-0182Bwmtty. Cardinale.Research@gmail.cofshso, you may
contact my research chairman, Dr. Kathi Morgakcatorgan@Iiberty.edor (434) 58202469. If
you have questions latgmu are encouragedo contact Dr. Morgan or myself by phone or email
address given above.

If you have any questions or concerns regardirgygtudy and would like to talk to someone
other than me or my chairmaygu are encouragedo contact the Institutional Review Board,
Dr. Fernando Garzon, Chair, 1971 University Blvdit& 1582, Lynchburg, VA 24502 or email
atfgarzon@liberty.edu

You will be given a copy of thisinformation to keep for your records.
Statement of Consent:

I have read and understood the above informatibavé asked questions and have received
answers. | consent to participate in the study.

Signature of homeschool educator: Date:

Signature of Investigator: Date:

240



Appendix G: Consent Form for Homeschool Graduates

Secrets of Their Success: Case Studies of MathealigtProficient Homeschool Graduates

Betty R. Cardinale
Liberty University
Graduate School of Education

You are invited to be in a research study thatséekxplain how some homeschool graduates
became mathematically proficient. You were seleated possible participant because you
graduated from a homeschool, scored 600 or bettér@mathematics section of the college
SAT entrance test, and were homeschooled for sevemore years. | ask that you read this form
and ask any questions you may have before agrezing in the study.

This study is being conducted by:
Betty R. Cardinale, Liberty University Graduate 8chof Education
Background Information

The purpose of this study is to explain how the éschool experience contributes to the
mathematical proficiency of some homeschool graguadflathematics curriculum and
instruction are based on research that demonstraleg works” to benefit students. This study
will investigate and explain the methods, expemsnperceptions, and curriculum that some
mathematically proficient homeschool graduates ntegantributed to their ability and
achievement.

Procedures:
If you agree to be in this study, | would ask youwl® the following things:

Complete a 10-question assessment of"lgrade basic mathematics topicéhese questions
will take approximately 20-30 minutes to complet®nplete a mathematical self-efficacy
survey (the survey will take approximately 10-15 minutesbomplete), angarticipate in a %2
hour interview regarding your homeschool mathematis experience.

Risks and Benefits of being in the Study

No study is without risk. However, the risks armimal and no more than the participant would
encounter in everyday life. As a result of thisdst awareness of uncomfortable and unpleasant
thoughts associated with the experience may inerddge study may involve additional risks to
the participants, which are currently unforeseeable

The benefits to participation in this study are matterial, but philanthropic, knowing that you
added to the growing amount of homeschool resahatlseeks to explain the inner workings of
successful homeschooling (in this study - matheraliyi proficient graduates) to the general
public and other homeschoolers.
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Compensation:

A $50 gift card will be given to a randomly seletteomeschool graduate participant who returns
the mathematical assessment and the mathematicaffszcy survey within two weeks after
receipt of those items. Additionally, all homeschgi@mduate participants will receive a $25 gift
card after they complete the interview and theiepaicompletes the survey.

Confidentiality:

The records of this study will be kept privatealmy sort of report I might publish, 1 will not
include any information that will make it possiliteidentify you or your family. Research
records will be stored securely and only | will Baaccess to the records. All data will be stored
in home computer (password protected) and sep@acked containers in my home.

Voluntary Nature of the Study:

Participation in this study is voluntary. Your d&gon whether or not to participate will not affect
your current or future relations with Liberty Unregéy. If you decide to participate, you are free
to not answer any question or withdraw at any tvita out affecting those relationships.

Contacts and Questions:

The researcher conducting this study is: Betty RliDale. You may ask me any questions you
have now by contacting me Bétty.Cardinale.Research@gmail.com(803) 517-0182. Also,
you may contact my research chairman, Dr Kathi Morgtkcmorgan@Liberty.edor (434)
582-2469. If you have questions latgou are encouragedo contact Dr. Morgan or myself with
the contact information, listed above.

If you have any questions or concerns regardirgygtudy and would like to talk to someone
other than meyou are encouragedo contact the Institutional Review Board, Dr. fgardo
Garzon, Chair, 1971 University Blvd, Suite 1582ntkburg, VA 24502 or email at
fgarzon@liberty.edu

You will be given a copy of thisinformation to keep for your records.

Statement of Consent:

| give my permission to be video recorded and pipatphed for the purposes of this study.

I have read and understood the above informatibavé asked questions and have received

answers. | consent to participate in the study.

Signature: Date:

Signature of Investigator: Date:
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Appendix H: Mathematics Self-Efficacy Survey

(Betz & Hackett, 1989) (see Clutts, 2010, Apperalix

No Confidence at all Very little Confidence Somen@dence 012345
Much Confidence Complete Confidence 6 7 8 9

Part I: Everyday Math Tasks

How much confidence do you have that you could asssitilly:
. Add two large numbers (e.g., 5379 + 62543 inrymad.
. Determine the amount of sales tax on a clothimghase.
. Figure out how much material to buy in order makrtains.
. Determine how much interest you will end up paybon a $675 loan over 2 years atl4 3/4% interest.
. Multiply and divide using a calculator.
. Compute your car’s gas mileage.
. Calculate recipe quantities for a dinner fortf&wthe original recipe is for 12people.
. Balance your checkbook without a mistake.
. Understand how much interest you will earn oarygavings account in 6 months,and how that interes
is computed.
10. Figure out how long it will take to travel froBolumbus to Chicago driving at 55mph.
11. Set up a monthly budget for yourself taking iatcount how much money you earn,bills to pay,
personal expenses, etc.
12. Compute your income taxes for the year.
13. Understand a graph accompanying an articleusimbss profits.
14. Figure out how much you would save if thera &% mar-down on an item youwish to buy.
15. Estimate your grocery bill in your head as patk up items.
16. Figure out which of 2 summer jobs is the baiféar: one with a higher salary butno benefitg tther
with a lower salary but with room, board, and tiasgensesincluded.
17. Figure out the tip on your part of a dinnet taital split 8 ways.
18. Figure out how much lumber you need to buyrdeoto build a set of bookshelves.

OCoO~NOOUIA,WNE

Part Il: Math Courses
Please rate the following college courses accorttifgpw much confidence you have that you could
complete the course with a final grade-eA || or —B||. Circle your answer according to the 10-pointecal
below:[note: same scale as Part I]
19. Basic College Math
20. Economics
21. Statistics
22. Physiology
23. Calculus
24. Business Administration
25. Algebra Il
26. Philosophy
27. Geometry
28. Computer Science
29. Accounting
30. Zoology
31. Algebra |
32. Trigonometry
33. Advanced Calculus
34. Biochemistry

243



Appendix I: Memo Samples

8/7/12: The Lord led me to pray with each partioiplaefore the interview. As the Lord
leads, | would like to do that before every intewl 11/7/12 note — prayed with E, O, T,
R, L&D, H, Ain Charleston, B & Q; Not with W & M in Dunkin Don)

E was very open and helpful. It surprised me thatdassified herself as not having a
good attitude towards math until she saw its usefs in -8" grades. Then she
described herself as very focused. That is my isgio@ of her academic endeavors,
now.

O surprised me with her very positive attitude d@buoath. It was not what | expected,
with her music major (vocal) aspirations. Refregramd wonderful.

It seems that Saxon is regimented and repetitidendrat has helped these girls (as well
as all my other participants). These girls took tturriculum to the full extent, where as
the other students so far used it with other clsoicespecially later.

Beautiful home. They seemed to stay at home angsfon their schoolwork. | didn’t get
any other picture but studies and music. Were nasierextracurricular not that
important? Their home was so far away from thingsvender was that why they stayed
home so much. (11/7/12 addition — | saw the maotm#rWWed — a week ago — and she
mentioned that traveling to York Tech was a logatissue: 40 min drive each way only
1 car available and they did well on their own, Wwasally necessary?)

They were both strong about their Christian faith.

Their dad seemed very involved with the math fahtbe girls, especially in high school
classes, although LB talked about time with Da@"irand &' grades.

9/18/12: Concerning A, Math was “in-house” (at lgsbugh early high school, Algebra
2 or Trig/Pre-Calc) unlike other subjects such &tdfy/Humanities; English; science
labs; foreign languages

All participants, so far, participated in churctrGtian faith is a core element, either
student gave testimony a/o a reason for homescigpwivolved the excising of their
Christian faith in some manner, for protectionjigbto include God in their studies
Self-study for all participants for at least partieeir math experience

Dual/concurrent enrollment, most took tech/univgrsiasses in math(not M, W, Q)
10/17/12: As | attend the AX induction ceremongm amazed that 2 of my participants
were inducted. That means they have a 4.0 GPAuldway they are successful! There

are other homeschool students in this group. Thelsvihat come to me are: Hard
working; consistent, conscientious; all are femé#lhesm)
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Appendix J: Ned

Ned interview. Interviewed in the den of his parents’ upper middéss home 19-year old Ned willingly
participated. He seemed very comfortable, beingn@mal honest without any sign of nervousness ataties. The
interview took place after Saturday lunch. Amidsbteof family activity, the mother had all the douoents ready for
me as | entered the kitchen. While his mother aothier noiselessly moved throughout the house, ahstivered all
questions and offered extra explanation when prechphe interview lasted 28 minutes.

According to Ned, his family started to homeschmetause his mother wanted family unity. Ned beligv
“I think my mom wanted to be sure to spend morestimith us.” Positive outcomes stimulated furthemleschooling.
Ned perceived, “But we’'d actually come to likeatmuch from the flexibility and for like family timand, self-
motivation in learning that was so appealing. Sis¢hthings kind of got us into and kept us goingameschooling.”
His mother acted as the primary teacher with soehe fnom the father, especially in the high scHewkl mathematics
courses.

Overall, Ned believed that his overall homeschoath experience, positive and well prepared him for
college academics. He indicated,

| thought it was perfect for me . . . it fit my genality with how | get frustrated sometimes ameblild still

be able to come back and not be penalized . ventlally | was able to learn what | needed torleginat |

needed to learn and that has proven valuablekoew the math | needed to know for my classes.
Ned appreciated the mathematics help from his p&werd siblings, sharing,

| had so many different resources between my paard my siblings that it was always explained €& m

sooner or later. Sometimes, | would storm off maybe later that night but eventually | wouldtsitk down

and get the problem done . . . They were like atengady to learn this now?

Ned learned at his own pace, completing all higesub quickly. He appreciated that flexibility when
compared to his community college experience, tectihg,

That really frustrated me because . . . | wouldlble to get through school or a school day reatkgbecause

| understood things . . . . There weren't othergbedo ask questions and wait for that . . . . €heere times

at [community college] where | know we wasted massimounts of the day because one person out of the

40 had a question because they didn't understgustiyet.

He affirmed, “I think | got the best plan for mykdive been able to do all the math | needed tdatany first year of
college; so | think | was prepared.” Given the optio attend public school, he chose to stick Witlmeschooling. His
excellent SAT math score aligned with his affirmatbeliefs.

Ned believed his preparation enabled him to scaléan the SAT math subtest (top 7 % — 740 MathedN
transcript and SAT score record verified his sairé40. He completed a SAT prep class the sumnferdais first
SAT test, in 18 grade. After that he used a SAT prep book. Heorees,

I think a large part of it is preparation. My fagiht least knew that it was important and theyllofn

stressed to me that you do actually need thesé¢igedest . . . it became more and more of my day got

closer to the time to actually take the testthen | started doing multiple sections in a dajusf practicing.

Sometimes it was all math in a day, sometimes rgikinp with all different sections. But um, jusinping

it up closer to the time. And in the end | probathily eight practice tests before the actual fimaétl took

the SAT.
Interestingly, mathematics was not N’s favoritejeabduring his school years.

Ned enjoyed biology and chemistry, not mathematiosriting. Writing was his least favorite, then tima
declaring, “Math has never been one of my favaitkjects.”

At times, Ned felt frustrated with his math workyealing, “Stressful/enjoyable reminds of thosesdagat |
wouldn’t catch onto something immediately . . . stimes | would storm off with dividing or fractiorisviath
problems exasperated him, revealing, “I didn’t stend a lot of the things initially because yowénto work at it and
when | was younger, | didn’t entirely grasp thahcept just yet. | thought that it was supposedrtd kf come to
you.” He also expressed irritation with his matktbeok, stating, “Sometimes | wanted to burn my@akook. But |
think that might have happened with any math bodkthe time, the repetition of Saxon irritated hirecalling, “That
[repetition] frustrated me. But | understand thegiatition, you need to understand it [math] t's.\ery tedious but |
definitely need some sort of review here and there.

Although Ned currently appreciated math, it hadrdssed him. He learned what he needed to knowigor
chemistry major, but math frustrated Ned throughusischool career. Ned now appreciates mathd$agplication to
chemistry, saying “l found out that there’s a lotwath in chemistry, anyway, so that's another@adshad to start
liking math.” Yet, he fell short of saying he noikdd math, commenting, “We all knew that we hadladt [math] and
appreciated it for what it was. But at the sameetiid not get too fond of it or friendly with itNotably, his family
helped him be successful.

Ned appreciated his parents and siblings’ role wishhomeschool math. He described his parents’
persistence, stating, “My parents were on me ewryo make sure | was doing it [math]. . . .Thespeal attention
from my parents . . . really helped me understaimys.” He considered his parents and siblingsetoesources,
recalling, “I had so many different resources bevey parents and my siblings that it was alwaydaixed to me
sooner or later.” He attributed his good foundatmthem, maintaining, “I wouldn’t be able to unskand any of that
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[algebra at the University Model School] if | hatltléarned from my parents the more basic thingseeam with
Saxon.” His mother taught him directly in the eargars.

Ned’s mother worked with him in his younger ye&is.remembered,

My mom would have assignments laid out for eachafdiie week . . . and then we would read thesepag

in a book and do these problems and when | wasgenshe would do it with usually making sure I'm

actually keeping up with it.

As he grew older, Ned became more independentettdled,

But as | got older, it became more and more thaidl to go to it and make sure the check marks aléne

the assignment book and actually taking the testilpms and everything and do them seriously.

Ned started at home with Saxon in the third gradétched to a University Model School in the eighth
grade, and then attended a local community colieghkis last two years of high school. He remembgre

I had Saxon Math for a long time. . . . Early ojudt had a textbook and my parents and my siblased

questions. Um, | definitely needed their structomeme to make sure | was getting through enoughinfa

timely manner.
Later, his mother enrolled him in University Mo@ghool classes. At this alternative school, Néeshaled these
classes, three times weekly, with other homeschgdaliudents. He completed assignments at homeclage size
varied from six to sixteen, with the same teacbesfl three years. Ned really enjoyed the classssiniscing,

After we heard so many different things so manyesirfrom her it really did start to stick. And aigmu

could tell she really did care about it. And shd hgassion for math . . . and it made it that niustter for

us.
Ned felt the University Model School provided hintlwan excellent foundation in algebra and enjoyedgroup
work, explaining, “The algebra | learned at [Unsigy Model School] from [teacher] is what has stwgth me.”
Ned’s transcript verified that he completed thehtéghool math courses of Algebra 1 and 2, Geomé&tigpnometry,
Calculus 1 and Calculus 2. Ned took TrigonometmicGlus 1 and Calculus 2 at community college. Begressed
irritation at the wait time, explaining,

There were times at [community college] where I\kribat we wasted massive amounts of the day because

one person out of 40 had a questions because itie'y dnderstand it just yet. . . . We didn’t gbtdugh as

much in Calculus because there was a bigger ctasthare were more people holding it up.
Ned affirmed small class sizes, stating, “So | atrfeel that it is more effective to have a smallass size where you
do have some group work.” Ned went from one-to-stnely at home, to the University Model School, treh finally
to the community college.

Ned detailed the changes in is mathematical expegie He recounted,

| started out with the direct teaching from my paiseuntil um about seventh grade. And then | dé th

University Model in eighth grade. In eleventh anelfth grades | took Calculus 1 and Calculus 2 at

[community college], oh and Trigonometry. . . Argllgyot older it was more doing things with a groigo.

Um, it was more of a self-motivated study. But tla¢so | had ah to study in my own time and abogeam

week, Mom, a little accountability to keep me oskta

When asked about his preference, Ned was equailyedi among his home instruction and the University
Model, explaining, “I like both of them pretty edlyd’ He felt he had an excellent home foundatistating, “It fit my
personality with how | get frustrated sometimes bnauld still be able to come back and not be fieed . . .
eventually | was able to learn what | needed torkkhdled believed the alternative University Modeh8ol
experience provided a community for math, relatifitne community for math was helpful for me becanseonly
would | sometimes get things explained to me diffitiways by other students, but also explain dther students . . .
it was actually real good.”

During the interview, he established that mathetsatias useful, sensible, and worthwhile. Emphdyided
asserted, “Absolutely; mathematics is everywhdtéha time, when you are in a store, buying thingfhenever | get
my tank filled up, | calculate my mileage to seevHam doing with my driving. Um, and literally diescribes pretty
much everything in the world. It's the backboneihdht.”

Ned described his parents’ attitudes and expergewith math. His dad enjoyed math. His mother ivug
him math in the earlier years, but as it becameerimorolved, she handed it over to the father. Nesktoved,

My dad really enjoyed math and we all knew we teadd it and appreciate for what it was. . . . Sai'th

why whenever | was really, really having problemgit my mom would just kind of pass me onto higine

was also great though especially earlier she wisavot too when | needed that more kind of teridech
from my mom, opposed to when | needed that tougé fom my dad — that’s fine but you still have to
know this [math].

Currently, Ned majors in biology at a large unsigrover 300 miles from his home. He receivedrgda
scholarship to attend that university and perfovery well.

Ned home educator surveyThe data from the survey established the interiigarmation as well as
described three additional reasons for homeschmolihe mother filled in the survey prior to thedstnt interview.
The timing of the survey and the student’s recemta home did not allow for much, if any, discimsof the survey
questions. There was no direct contradiction batvike interview and the survey data. Some survewers clarified
and supplemented interview information.
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The survey data confirmed much of the graduatg&view. Identical items included the age of thelent
and the sibling information. All mathematics clasgeere mentioned (Pre-calculus was used for Trigairy). The
mother described the homeschooler’s experiencehwitheschooling as “great”, his experience with niath
homeschooling as “adequate”, and his preparationdtbege mathematics as “fine”.

Ned’s mother described reasons for starting todszimool. These included individual learning styles,
flexibility, and faith. These reasons stayed camsfiar the 23 years that the family continued tonleschool, until Ned,
the youngest, graduated.

The mother described the math curricula, instangtand experiences. She used self-produced weeksh
and Saxon curriculum. Her homeschooling progractuited all the methods listed on the survey: stmed, non-
structured, direct teaching, reworked incorrecbpgms until mastery, group work, self-study, onlaoairse,
combination of activities, and co-op classes. Nedpmleted daily math lessons. As Ned matured, theemore self-
study. He liked mastering concepts on his own.s Berved him well at university. Later, Ned attehteehnical
college classes.

Although Ned’'s mother viewed mathematics as usstnsible, and worthwhile, mathematics was difficul
for her. For support, she attended homeschookcen€es, math workshops, support groups, and cofdpsn Ned
had difficult math problems, he would have to Waithis dad or older siblings.

Both Ned’s mother and father retired from the roatprofession. Ned’s mother was a RN in labor and
delivery. N’s father had worked as a radiologist.

NAEP assessment. Nednswered nine of the NAEP assessment questiorectgriHe described his work
in solving the problems for nine of the questiond pustified his methods for three of the itemdtyHive percent of
the 12" grade students taking the NAEP test also ansvircedrectly the same problem that Ned missed.

MSES scores. Nedcored 8.8 overall, an 8.9 on Part | and an 8.Bam I, ranking above the male 95
percentile (Table 10). His mother total score wds .4 on Part | and 4.5 on Part 1), matching féimale 60
percentile. The father scored 8.1 overall, (8.0Part 1 and an 8.2 on Part Il), ranking near the=r@@lpercentile.
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Appendix K: Cali

Cali interview. Interviewed in the kitchen of my home, locatedtie same town, 19-year old Cali willingly
participated. Cali had been in my home many tinisisivg my daughter. In this relaxed setting, seersed very
comfortable. In the 38-minute interview, Cali ansegtall questions and offered extra explanations.

Cali’'s family started to homeschool because heemtarbelieved that homeschooling would providettebe
education. She explained, “I think my parents velitthat the education was not as good in the pglgtem as could
be given at home.” Success inspired them to coatinthomeschool. She considered, “I was gettingoal g¢ducation,
that they could probably keep track of my progress.

Cali’'s overall homeschool math experience was wetpful. It well prepared her for her college expeces,
both at the community college and university levBlse explained, “It was um, very good. I'm realgd | was
homeschooled. I'm really glad | was homeschooleah@th.” Cali described her university experienedating,

I've taken Chemistry at [university] and have bé&€dK with all the math in there . . . .It reallyasgood

thing to know that you are prepared for what is ic@nibecause college is the next step. And going int

college | was still so prepared for at least thei@hyou know like Chemistry basic math principles.”
Her consistent and commendable SAT scores lineglithpthese beliefs.

Although Cali scored well on the SAT math secti6@q), she expressed disappointment. Her high school
transcript and SAT score report verified her SAdres (660, 650, 660). She wished to score higkeing,

| am dissatisfied with my SAT scores in math. llfées | should have done better, because I'm not

necessarily a great test taker. | took several B#p classes and | took the PSAT multiple times, &inal |

guess that helped a lot.
Her scores stayed consistent. Her favorite subjectlsded Math and Science.

Cali liked Math and Science, but disliked Engléstd History. She explained, “I have always besitla |
Math and Science buff. Ah, Math was always hard | bunderstood it. But, Science was the one | yeatjoyed.”
About the other subjects, Cali described her fgsliiAnd English was ah | was ok at it; | was gabdt; but | didn’t
like it and | still don't like it and | hate writinpapers. . . . History, just hated it.” Despitdi'€propensity towards
Math, she experienced frustration and stress with i

Cali revealed that Math frustrated her out at tingee did not always grasp the concepts quickayirs,

I would have a list of things in the curriculum amalve a piece of notebook paper, then | would rkwor

through them. Sometimes that was frustrating. lenemer being frustrated going through them overaareat

again and not getting it. . . . | would stressibabmething took me too long.
However, she believed that the frustration andsstreas for the best, admitting,

Probably a good thing. So, we would work on theril you got it right until you understood. . . Mas

quite stressful for me going through the answetainderstanding and having to go over them andvgo o

them until | got it. That was probably more strigsme but it was good because that's the way gaml.
Despite the stress of math studies, Cali appretizde mother’s helpful role. Cali’'s mother devotede to math. She
taught Cali, one on one. Cali described,

| did have one on one instruction with my mom. . L would miss half the problems and go backulgio

and she’d be there one on one to instruct me atttwhere it counted. . . . Once we worked thtotrds

problem together and she watched me [to see] wheoelld make my mistakes.
Mostly, this instruction involved Geometry and dlas prior to Algebra. Cali clarified, “| guess faigebra. . . . |
didn’t really need my mother’s help. . . . With Geetry she helped me a lot. . . . She really heipedvith the proofs.”
Although Cali's mother did not teach her Pre-Calsykhe researched the problems. Cali stated,

My mother actually researched other people whothadame problems and found like here are some

problems that you probably should do. And then goo’t have to do the rest of them. . . . She disl &

research. So she would be like we're not goingotthis chapter, cause it's not relevant to what yeed.
Her mom checked her work daily, requiring Caliéavork problems. Cali remembered,

Everything was checked that day and redonelt.was very fresh. . . .After | had done everythgagback

and check everything and then after everything deaee, | was allowed to go. Must work before yowpla
At times, homeschooling strained the mother-daugietationship; Cali remembered,

“Maybe | didn't always enjoy being at home all titae cause sometimes it's a little trying on relaship, especially
with my mother. . . . | will be eternally grateful.
Cali most vividly remembered her pre-calculus ceurs

Cali’s recollection of pre-calculus clarified heathematical learning environment. She described,,

Pre-calculus | took using a Chalkdust video. Serdtwas another teacher . . . my mother, | didrthetelf,

almost, if she checked my work. But even when s$teeked my work, if something was like in a fraction

and it should have been in a decimal or it doesatter she would circle it; that's not really wromifferent
format. So, | pretty much taught myself using thatriculum. | taught myself pre-calc. . . . Theedd could
be 45 minutes long, which is substantial. So,nkHibegan figuring out that I could skip the videand
taught myself from the book. If | recall correctlythink | remember doing that secretively, jusipging the
videos and trying to do the problems myself.
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She attributed her success, in part, to this cogtaéing, “I'm really glad | took Chalkdust Pred@alus. | really, that,
that is what helped me. . . . | learned more abBoigbnometry than | did from . . . a tech levebtdlass.” Although
challenged, Cali learned a lot through all the effShe reflected,

It was a very hard course, and it took a lot.l.remember one day | worked from 8 am, took arr liou

lunch ‘til 3:30 or 4, consistent, not all Math afuorse, but like Math was what caused it to be sg la . but

definitely, [I] learned a lot.
Pre-calculus prepared Cali for her technical (comitg)i college math classes.

Cali took College Algebra and College Trigonome8iie claimed,

It says something that | could go to a tech galland not learn anything. . . . | may have hadveeek at the

end of each semester where | may have learnetiieabiit. But everything else was review.

However, Cali appreciated her community collegemuddsses, explaining, “I went to [community codgfpr my two
classes, which was very beneficial. I'm really glatid that and then | went off to college.” Sharieed better in a
classroom setting, explaining, “But | do learn beth a classroom listening and taking notes, tieading from a
book. . . . Basically, that is the way I learn Ildarn in the classroom.” However, homeschoolirgppred for her
college experiences, stating, “But the good newvilsas| can learn from a book if | want to and tisssomething that |
definitely got from being at home.” Her transcryetified that Cali completed Algebra 1 and 2, GetsméePre-
Calculus, College Algebra, and College Trigonomeggrning grades of 90-96.

Cali expressed that mathematics was useful, sensibtl worthwhile. She explained, “I'll be goindgdn
Biology. | was considering majoring in Chemistryddtis all over the place.” Math made sense to kke claimed, “I
have a math head; so it all makes sense to mei.b€i@ved math to be worthwhile, commenting, “Venych, it's
everywhere. . . . There’s lots of good jobs outéhbat have math involved in them. So, definitgbrthwhile.” Her
parents shared her attitudes.

Both her parents held positive views towards maikr dad used math-related principles, keepindtodic
company expenditures. She elaborated, “My dad tikefinancial stuff for a company. . . . He hagdal with very
large numbers and balance out on all the litthg titings.” Her mother possessed basic mathematidltd and
Geometry knowledge. Cali speculated, “She stilldamer basic math. . . . Geometry, she was veog @b it and you
know Algebra she’s good at.”

Currently, Cali majors in Biology (and possiblyrmaring in Chemistry) at a prominent state univgrsiter
100 miles from her home. Receiving a substantiakseship, she continues to earn very good graifes:. this
interview, Cali emailed her mother, thanking hertfaining Cali to finish schoolwork, “before shiayed.”

Cali home educator surveyThe survey confirmed the interview information veal as provided additional
details concerning the curriculum utilized and tbasons for homeschooling. The primary teachennbther filled in
the survey prior to the graduate interview, notdssing the questions with Cali. No direct contidn existed
between the interview and the survey data. Someemsssupplemented interview information.

Survey responses corroborated interview datatilciritems included the student’s age and sibling
information. The educator listed all home mathecsatiasses. She described Cali's experience ashtimeschooler
liked to be home”, the experience with math in hecheoling as “adequate”, and Cali's preparatiorcfilege
mathematics courses as “still has not taken Cacatfuniversity].”

Cali's mother described two main reasons for stgrto homeschool. Christian education was impordant
she added, “public school was inadequate for ethgcaur children.” She continued to homeschool beea
homeschooling was the best education and thatalid onpart “effective Christian values. Impressrthon your
children.” Cali's mother clarified some instructairaspects.

The educator detailed their progression of mathiemastruction, curriculum, and experiences. She
described it as: “structured when young [with] direeaching” and “older, self-directed DVDs”. Owbe years, she
required daily math time and stressed the baskgpdaiming, “We spent much time on basics, much tigpa of math
facts—made sure she got foundation—worked hard ath whaily. We repeated if she didn’t understan@léased with
all their curricula, she detailed, “Saxon, Singapbtath, Jacobs Geometry, Chalkdust—PreCalc, akw&cellent in
explaining and developing foundation.” She discdss®anges in curriculum, writing, “We changed aurtim when
something better was available.” Important to heastery and consistency were stressed. She repthtecys
reworked problems that got wrong — everyday. Whamger, if we finished a book, we continued orti®ext. We
did not stop because we were at the end of the.bBeksonal interactions decreased as the homelerhmerame
more advanced; Cali's mother remembered, “Perdateiaction became less as she advanced. In elargem@ars we
worked closely one on one. As she matured, shenaaore independent — less interaction. No intenaetith
sibling.”

Cali's parents exhibited positive mathematicakadies. Her mother viewed mathematics useful fanse.
She liked math, working as an industrial engin€aii’'s father worked as the controller in a defecsmpany.

NAEP assessmentCali answered eight of the NAEP assessment questiorsctyr She described her work
for all ten questions and justified her methodsalbten items. Comparing her answers with th8 gade sample
taking the assessment, forty percent of them migeefirst one and 74% missed the second.

MSES scoresCali scored 7.6 overall, a 7.8 on Part | and a 7.4 ohlRaanking above the female 90
percentile (Table 10). Her mother’s total score Wa&s a 7.9 on Part | and a 6.4 on Part Il, rankingve the female 80
percentile. The father scored 8.4 overall, an & ®art 1 and an 8.4 on Part Il, near the male &&epéle.
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Appendix L: Sue

Sue interview. Sue, 22 years old, was interviewed for 26 minuteté kitchen of her rented house, located
in a middle class subdivision. She seemed very adatile, being open and honest without any sigmeofousness or
hesitation. The interview took place after dinrf&uwe answered all questions and offered extra eaptanwhen
prompted. Academics provided the main reason todschool. According to Sue,

| felt like 1 did not receive the attention thatdéeded to um, | guess get the best out of my siigpol. . That

was the main one that the quality of the educadimh my mom wanted to be able to tailor my education

my needs and my level.
Her family continued to homeschool because ofétsilfility. She perceived,

It was a really good fit for my family. . . . Indh school | could have gone to public or privateost if | had

had the choice; but | rode horses professionalhilean high school that afforded me a flexible edhle so

that | could complete my schooling and pursue ngrésts and my hobbies.

Sue described her math instruction. In the youggars, her mother provided direct teaching. Suallest;
“She, when | was younger, would sit down with merfty lessons and help teach them to me. | alwagisaHist and a
schedule of things | needed to complete througtimitlay.” Sue became more autonomous; she reldted got
older and more independent, | taught most of mgdes. . . . At that point [seventh or eighth grddeas probably
more independent and taught the Math on my own fidextbook.” Mastery learning was the norm. Sueleasized,
“Incorrect problems were reworked. Potentiallyl, Was only working even numbers and | had a trogpla where |
consistently missed a problem of the same typeuldcalso back and work the odd numbers.” Her garkelped her
when needed. She explained, “If | had any questiory struggles, uh, my mom was certainly theredlp. . . . If
there were some trouble spots, my mom or my daddnstep in for some direct teaching.” Sue used Bastating,
“We used Saxon Math.” Sue’s homeschool math preplaee for college.

Sue’s homeschool math experience benefitted hexgmtareer. She expounded,

It was a positive experience. | think it prepareglwell for college. Ah, | felt capable and profitién all of

my college math cases. That | had the tools | bémleucceed . . . the basics of Algebra and Gegmet
These basics carried her through her high schabtatlege math experiences. During high schoolestielled in
community college math courses and was success$ylite a gap in her math classes. She recounted,

I had possibly a year, year and a half gap frontithe | finished my last Algebra class to whendko

Trigonometry at [community college] and that wadifficult class for me because | had forgottentsolomy

math and my Algebra basics. Um, however, | did waakd and ended up . . . with an A and doing well.
This situation was repeated at the university levet again Sue prevailed. She disclosed,

The same with the first one. | had been out of Mattabout a year and a half and it was just ansinjent

period to get used to it. | did make an A in tharse. | took a Calculus 1 and 2 as well as a Bgsine

Statistics class at [university].

Her high school transcript verified her high schowith classes of Algebra 1 and 2, Geometry, Collegmnometry,
and College Calculus, as well as her SAT scores.

Practice and well-rounded education contributeldetogood SAT math score. Her score (620) rankéddn
top 25% (College Board Website). Sue thought th& 8rath simple; she felt well prepared, indicating,

| thought that the SAT math was pretty simple. Wiasthing was too complicated and | do think thaad la

well-rounded math education. . . . My mom did henework through the Princeton Review practice.
She took the SAT in the seventh grade and thendateexplaining, “I took the SAT three times. Ongeseventh
grade with the Duke Tips program and once sophoodepossibly junior year, scoring highest my sopbie year,
probably when Math was the most fresh.” Her vedgalre (660) confirmed that she performed well lreotsubjects.

Sue equally enjoyed Math, Science and Englishoetdimg, “I am pretty well rounded. | probably etiya
enjoyed, um, English as well as Math and Scienegs kind of equally interested in everything.” Wesked about
her least favorite subject, Sue commented, “Pas#itdtory.” Although she enjoyed working on her gdts, the
amount of time that math work required frustratee.S

More structured that other subjects, mathematigsired a consistent time commitment. It was dififiai
times, but ultimately good for her. She remembered,

Math is probably more structured . . . an hourtdaur and a half daily. . . . | would think thaasv

consistent. . . . Sometimes | didn't like it. .I.remember not enjoying my math. | remember samesi the

lessons taking a long time. | didn’t enjoy thatt bon sure that it was good for me. So, | don’t bany
regrets. . . . I don’t know that | would change thiryg.
Sue expressed a positive attitude towards mathesnati

Sue agreed that Math was useful, sensible, amthwhbile. She explained,

It's just good to know the basics. | do Math ig head. . . . | still have the math basics tha@rhed in high

school and were reiterated um, in my college culuim. Yes, and that's what | use. . . . It's always

worthwhile to be more educated and to have moreviedge.”
Similarly, her parents valued mathematics.

Sue’s parents exhibited positive attitudes towadsh. Her dad worked in accounting. The drivingciin

their homeschool, the mother promoted learning.r8aeembered that, “My mom was always very adambaotia
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everything in my homeschooling. That everything wasd and necessary.” She perceived that her daedg
recalling, “and my dad supported her.”

Sue works as a Director of Marketing. She gradlatly and obtained a Bachelor’s degree in Mamketi
from a prominent public university, 125 miles frdver home. Sue received substantial scholarship yrame earned
very good grades.

Sue home educator surveyGenerally, the survey confirmed the interview imfation, and provided
additional details concerning the reasons for haimasling and the curriculum choices. The mothéediin the
survey prior to the graduate interview. She indidahat there was not any discussion between tloacecning the
survey or the interview questions. Minor differesexisted concerning favorite and least favoriterses and
curriculum names. They supplemented interview imfation.

The survey data coincided with much of the graglgahterview. Identical items included the agehsf
student and the sibling information. All the matlaics classes taken at home were listed. Her mattierowledged
Sue’s love for horses and described Sue’s homekelperience as “[she] wanted to finish her schiayl early to
take part in an activity that she loved, horsebétikg.” As did Sue, her mother acknowledged thaggle that Sue
had with Math at the community college, writinghésfeared the first math at [university], Calcu(2¥ semester)
because the®lsemester at [community college]. She did fine +tink.” Her mother confirmed the reasons for the
good SAT math score, specifying, “We spent mucletan basics, Much repetition of math facts. Made she got
foundation. Worked hard on math daily. We repeéitstie didn’t understand”. Instruction was tailotedSue’s needs.

Sue’s family started to homeschool for two maisans. A Christian education was important and the
“public school was inadequate for educating ouldcan.” She continued to homeschool because horneol was
the best education and she could impart “effedfiiéstian values. Impress them on your children.”

The educator detailed Sue’s math experience.d8beribed it as, “structured when young [with] dire
teaching . . . older, self-directed.” Satisfiedtwiihe curriculum they used, she listed, “Saxong&ore Math, Jacobs
Geometry. All were excellent in explaining and deping foundation.” She discussed changes, writiii¢e changed
curriculum when something better was available DN(Ds but went from homeschool to [community collEgeShe
stressed mastery and consistency, reporting, “Adwaworked problems that she got wrong—everydayeiwh
younger, if we finished a book, we continued oth® next. We did not stop because we were at th@tthe book.”
She remembered, “Personal interaction became $esiseaadvanced. In elementary years we workedlglose on
one. As she matured, she became more independe#tinteraction. No interaction with sibling.”

Sue’s parents held positive attitudes towards mélter. mother explained that she liked math andiptesly
worked as an industrial engineer. Sue’s father eaik finance, the controller in a defense conitngotompany.

NAEP assessmentSueanswered eight of the NAEP assessment questiorectgr She briefly described
her work for all ten questions and justified hettmoels for all ten items. Comparing her answers #ith13" grade
sample taking the assessment, forty percent mibgefirst one and 38% missed the second.

MSES scores.Suescored 7.6 overall, a 7.5 on Part | and a 7.7 ehlRaanking above the female 90
percentile (Table 10). Her mother’s total score W&s a 7.9 on Part | and a 6.4 on Part Il, excegthie female 80
percentile. Her father scored 8.4 overall, an ®9%art 1 and an 8.4 on Part Il, placing near take @5 percentile.
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Appendix M: Ela

Ela interview. Interviewed in the kitchen of her parents’ homeated in an upper middle class subdivision,
19-year old Ela willingly participated. The 41miaubterview took place before lunch. While her ngstand siblings
quietly moved throughout the house, Ela providewittal and complete answers to all questions.

Ela’s parents started to homeschool for religi@asons, to impart Christian values. She explait@atause
primarily for religious reasons . . . they didn’amt to send me away all day and they just felt ttey could instill not
only education information but also moral valuest tihey wanted me to have.” They persisted with ésmhooling
because they felt it to be successful, at leagbad as conventional schooling. Ela related, “Simggparents have
obviously had success in going from homeschooling tollege outside of homeschooling, we've fourat t
educationally it prepares us just as well as aapeiwor a public school would have.” About the $pai aspect, Ela
added, “While there were some things | had beeheskd from and hadn’t been exposed to in a pudaiool, um, |
was prepared and mature enough spiritually to thaicgs that | came into contact with.” She desdtitieeir Christian
values as,

We are Christians. . . . The foundation of ourhféétthat Jesus Christ is our Savior. We believiaén

inerrancy of the Bible and um, we base everythireg tve do and everything that we learn in all acfas

academia, on the Bible.
Faith fueled her academic motivation; Ela declatadthis point, school is a part of my faith. & my joy. | love to
learn. I love to study. | love to help others leand study.”
Her attitude towards education transformed in n@dthool. She related,

Most of through elementary school, | was just yaugrage student. . . . It wasn’t until eighth grada,
when | became very serious about my faith, and tbok as my own. Not just as something my parbetd
to. . .. It was kind of a turning point and | dibil | really needed to take my studies seriously.

Homeschooling nurtured learning, with Chemistry agatding. She recalled,
My experience has been that it fostered um, a ¢dVearning because | was able to focus on thimgslly
loved. . . . | always loved reading. . . . In sigttade there was a unit in my science book an@ét w
Chemistry and | was just absolutely fascinatedheyfour models of the atoms. . . . When | got initch
grade there was a module in my Apologia Biologylboalled the Chemistry of Life. And from that poom
I knew | am going to major in Chemistry. . . . Wdoreading my science textbooks, so the two kinfit @ito
one.

Her love of Chemistry became the catalyst to atgréerest in mathematics.
In her early years, Ela initially struggled withalih and disliked it, changing her mind only whee sh

understood its importance in Chemistry. She revkale
[1] really struggled with Math when | was younger..Then, kind of around seventh or eighth gréaue t
when | decided | loved Chemistry and then in ttremgrade when | confirmed that, | stared to see th
usefulness of Math. | guess what had bogged me diothre earlier years was | didn’t see how it aggblio

real life. . . . 1 didn’t see the application t@ger picture life problems. Um, and when | stateddng
Chemistry and Physics in high school | realized fusv useful and how essential it is and how ceéittia to
everything.

She completed all of her math classes at home.

Ela’s math instruction started with direct teachiram her mother and progressed to self-study witbring
from her father. Ela recalled, “Elementary, direzching by my mom. She would read through thetedgke | said.
Very structured, daily lessons, tests after sevessions.” Her mother ensured mastery learningn@yeworking of
problems until they were correct. Ela remembered,

When | got things wrong we wrote the problems thatgot wrong at the top of the page and we’d gdkbac

and rework the ones we got wrong until they wegbtrand sometimes that would take two or threegime

That was useful.

As she matured, her parents trained her to becoone independent.

Her transformation to independence started iersttvgrade, with participation from both parenter H
mother still remained involved. Ela detailed,

That transition occurred somewhere in the late eteary and middle school years where I'd go froimdpe

taught by my mom to being self-taught. . . . | khihe biggest part of that was my parents’ desirarfe to

become self-motivated and self-taught. . . . Tisedh through twelfth grade she just would haverga the
lesson by myself, do all the practice problemsahthe exercises by myself, and then she wouldlckieem
for me.

Her father’s tutoring helped change her attitudeaials math. Ela related,

My dad starting helping with Math in the eveningsitamore, he would tutor me through some thingad

trouble with, had trouble with finding the slopeaofine for the longest time when it was introduaed

seventh and eighth grade. . . . So that changeattiyde towards it. Obviously, this was very imjamt and
not just something | need to do. . . . That's hbevtutoring kind of changed me.

Ela described her mathematics experience and sigygoeffect of the Saxon curriculum. Her textkso
stressed basic skills with repetition. During higihool she mastered algebra through geometrywetdy pre-
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calculus and calculus. ABeka was used for Kindeegathrough third grade, followed by Saxon for tast of her
homeschool career. She remembered,

Kindergarten through third grade my mom used theleBtextbooks . . . In fourth grade, we get switctre

Saxon because my mom feels like the repetitiontaa@adonstant review of older problems is reallyphdl

Um, and definitely for me, | learn by rereadingithé and the constant repetition.

Ela’s dad became more involved during her Algebctags. She recalled, “Beginning in Algebra 2, rag évould start
checking the lessons.” Ela devoted much time tantegh study. She recollected, “Ninth, tenth gradeuld say the
Saxon math lessons that | did every day would ma&gwo to three hours. . . . Pre-Calculus and éalhe€alculus
those lessons would take me anywhere from thré&utchours.” Her high school transcript verifieditiEla completed
Algebra 1 and 2, Advanced Math (with Geometry arigdhometry/Pre-Calculus), and Calculus, as wetiadirm
her SAT scores. Ela credited Saxon and her prepgrabork for her SAT math score (620). She asserted

My parents did provide me with the Princeton Revi&T study book. | didn’t take any courses. .t's.just

from drilling foundational principles all througtn,amy education. And | feel like Saxon math diakally

good job of doing that constant repetition. Ahtthas been really helpful for me.
This mathematical background served her well indodlege career.

Overall, homeschooling was very beneficial to Etzdege academic preparation. She noted two big
advantages and one disadvantage, declaring,

The big advantage would be just that independehea&s sooo necessary in college. Um, and the diiger

advantage . . . was having a parent who was hadtheght upper level math and was able to workutino

things with me and explain them in different walyart the textbooks. | feel like if | had been in b

school, I may not have been able to get throughuQa, just because | needed so much help addgessin

things one-on-one. And once | understood thosedational principles, | was able to soar in college.

Um, disadvantages, | guess, would be the lackafgwork. . . . I think it would have been a gobihg to

be able to build those group study skills.

Despite the group work limitation, Ela felt very lyerepared to learn at college, stating,

For the most part not only have | been equal tdahel academically with other people | come inbotact

to/with in college. In some ways | was even mompgared academically just as far as learning onwwy. o

I'm very much an independent learner. When profiessask you to read the textbook they are not gtung

lecture on everything, | am completely capableand that, where a lot of people have been spodrafle

the information.
Algebra principles provided a good foundation foemistry and physics courses. She affirmed, “I likelthat was
excellent preparation for college, because in chggnor physics you are not just referring backatculus problems,
you are referring back to algebra principles tlat yeed to remember.”

Emphatically, Ela answered that mathematics wailjsensible, and worthwhile. Critical to biology,
chemistry, and physics, she maintained,

It is so fundamental to everything, and | loveisteln to my dad talk about it. How math pretty mugh

replace biology, chemistry, and physics becauseawgging to be able to explain everything with nensb |

already have a calculus professor at {college} whes biological research using math and can explain
things quantitatively. Um, | did research with afessor two summers in a row at [college] andalfon the
computer. . . . So, math’s behind it all.

Both her parents demonstrated positive attitudestaiath. Ela recognized,

He and my mom have instilled a love of mathematicsl of us . . .

The one-on-one attention, | mean, obviously jusistd me, it was obviously important not only to my

parents but obviously something important overadt &as a life skill that Math was very importantl ahat

my parents saw something fundamental to my edutadiod to my development as a person, as a whole.
Her mother’s experience, somewhat mirrored her dsim related,

She is very much like me, probably in her youngmarg. Um, had a little bit trouble with math. If she had

had personal one-on-one attention and a betten¢eaarlier she would have started enjoying matell

like | can really relate to her in that. So, onbe started getting it in high school, she loveshiti wished she
could have gone farther. She got her Bachelor'segein Education.
Her father excelled with math; Ela expounded,

My dad always loved math. He did extremely welltatbugh school: went to Naval Academy, worked on

nuclear submarines. So, he’'s used Math extensivelyHis undergraduate degree is in Mathematias,

and then he went on and actually saw applicatiétisab in Economics. . . .He loves Business. Heentty
works at [large bank] and crunches numbers ondhgpater all day.
Ela admired her father’s achievements and appegtiaér mother’s teaching ability.

Currently, Ela attends a private South Carolinéege, about 130 miles from her home. She maintains
prominent academic scholarship. She has takenctdoulus courses, earning all As. Ela has workee$earch with a
chemistry professor for the last two summers, waglan computer models of molecules. She has sutestifor one
of her chemistry professors, while the professar maternity leave. Recently she has been induotedan academic
society for her excellent grades.

253



Ela home educator survey.Ela’s mother, the primary educator, filled out gugvey prior to the interview.
Similar in detail, the two forms of data differedusturally. Ela provided rich commentary, whiletburvey consisted
of succinct phrases. No direct contradiction edisg&urvey answers clarified and supplemented ii@erinformation.

The survey confirmed much of the interview. Ideatiitems included the ages, the sibling informmatibhie
mathematical classes and curriculum, and the stisdeast favorite subject, French. Similar to Eleésponses, her
mother explained the homeschooler’s experienc@asitive, experience; nurturing environment; gladhé
homeschooled; was ready for college,” her math iegpee as “self-motivated and taught. Very sucegstftored by
Dad weekly; good grasp of concepts. Good probldresd and her preparation for college mathematimgrses as,
“In her own words, ‘Nothing | hadn’t seen befor@x8n was an excellent preparative curriculum’.

This family started homeschooling for spirituaiting and continued because of their successs Blather
wrote, “We wanted to include spiritual training/dance along w/ academics. We also were concerrad ie
possibility of values contrary to our faith/valuesing taught.” The parents gained confidence iir ttmmeschooling
and continued. The mother expounded, “With a darditginning her8year of college, with great success, we have
gained confidence in homeschooling. We have Ré5ults

The educator reported the math experiences. Thiewla included, “K—3 ABeka, 4—12, Saxon”. Insttion
and experiences involved, “structured curriculueif-study; tutoring”. Personal interactions occdir§K—5) one on
one, teacher taught (6—12) self-study/tutor intéwas/conversations — mostly enjoyable, not strdssbhe did not
mention Ela’s dislike of math during the elementsefiool years. Ela’s mother wrote that there warechanges” in
Ela’s instruction during the homeschooling years.

Ela’s mother described her attitudes about mathiealanstruction. She advised, “Make sure you baild
firm foundation early on. Drill math facts. Repigtit is essential—Saxon does this well. Be consisiest to stick
with one curriculum to avoid gaps.” This good foatidn helped Ela score 620 the SAT math sectioe.\@&bte,

“good foundation, consistent study in courses takamlying the practice problems in the SAT bodkiis
information aligned with her daughter’s replies.

Her mother credited the father. She explained, vilde a math major, served on a submarine wheradhéoh
qualify as an engineer. | really credit him.”

NAEP assessmentElaanswered all of the NAEP assessment questionsotigtr8he described her work
and justified her methods for all items.

MSES scores.Elascored 8.7 overall, an 8.6 on Part | and an 8.Bam I, ranking above the female and
male 95 percentile (Table 10). Her mother’s totalre was 7.2, an 8.4 on Part | and a 6.5 on Pdretiveen the
female 80-90 percentiles. The father scored 8.8atlya 9.0 on Part 1 and an 8.3 on Part Il, sigipgsthe male 95

percentile
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Appendix N: Ola

Ola interview. Interviewed in the kitchen of her parents’ homeated in an upper middle class
subdivision, 18-year old Ola willingly participatethe 32-minute interview took place before lunéhile her mother
and siblings quietly moved throughout the house, @iswered all questions and offered extra exptanat

Ola’s parents started homeschooling to respondttisxalling. She supposed,

| believe that the original reason really that te&rted to homeschool was they felt that God wis1g

them to do that to raise their children in the hpb@ng home educators. And | think that they lveliethat

that was the best way for us to receive a goodatdur . .academically as well as grounded spititua
Her faith grew out of this environment. She elabeda

Your religion, whether you want it to or not, rgadiffects the way that you think about everythigg.um,

having that grounding in the Bible with my pareimtggrating that as well. | think that that wasllsegood

for me and um, it just helped me to grow in grasevall as in knowledge. . . . | am a Christian.
They continued to homeschool to stay groundedeir fhith. Ola perceived,
I think that one of the main reasons that we Kempeschooling is that it's just it helps us to rema

grounded in our faith. . . . | think it has reatilyned out well for us having [Ela] go off to cajkeand come
back and tell us how you know, well she’s doing hod she thinks homeschooling helped her with that
[faith].

Ola treasured her homeschool experience. She vakieiibility, exclaiming,

I love it! | would not have survived without homésoling. Um, from a personal aspect, I'm not a nmayn

person. So the flexibility there is great. Flextigiblso with scheduling, really, really great, wéegou can

have that flexibility to go on a field trip or visamily, but take school with you; it's not likey stop.
She appreciated working on her own schedule, ringgdWhen | got into the upper grades in high saham, |
would do math at night because I'm a night personthat’'s when my brain sort of starts functianfn Her mother
inspired Ola. She reminisced,

I have loved it, and having a parent who can enipaiind just really cares about making sure yowelb

And I'm sure there are teachers in the public amhfe institutions that do care; but knowing that

teacher loves me and cares about me and wants snedeed has been really great for me.
An especially enjoyable part of her homeschoolsglved around math.

Excitedly, Ola related how math was fun, like azl@zo her. Her mother kept them doing math dutiveg
summer months; she affirmed,

I love math. | really do. I, over the years, my mawuld keep us doing math during the summer anckthe

would be supplemental questions in the back oboaks. And | would just, | loved doing it becauseame

easily and so it was kind of like solving puzzlesvould do it for fun if | could.

All Ola’s homeschool math classes took place aténdter instruction started with direct teachingrirber
mother and progressed to self-study with tutoriti, Ola’s mother provided structured instructiensuring mastery.
Ola remembered,

In the younger years, she would read the lessametdJm, probably did that up to fourth or fifth dea

maybe sixth grade, would read the lesson and Idvdalit. But after that, definitely after sixth ge |

started doing it by myself.
Describing her self-study and parents’ assistastoe recalled,
| am self-taught, basically. Um, | would read thedons and | would do the problems. My mom would
correct the lesson and if | had problems | wouttexigo back to them myself. If | couldn’t solveth
myself again, | would either go to my mom and stela figure it out. Or if she didn’t know how to dp|
would go to my dad, which had to be scheduled 2¢$im advance.
Her dad would help at night, after work. She remerrab), “Occasionally, at dinner we would bring upekd you to go
over Math with me tonight and he’d do it.” Early,ddla sat at a table with her mom and later inowgiplaces. She
reported, “starting out we would do it at our schtable . . . middle school, high school, | startleing my school in
my room or just anywhere throughout the house wheoeild find a comfortable place to sit.” Additialty, Ola spent
some time with her siblings doing math.

Occasionally, there was sibling interaction witte@hd math. Ela, her older sister helped her vétbudus.
She remembered, “[Ela] occasionally would help nitt walculus problems if she was home from collagd my
dad’s at work.” At times, Ola would help her youngeother and sister. She remembered, “Um, andltieuld help
my siblings if my mom was out doing something ahd st needed me to read the lesson or help tosovey a
problem”. Ola spent different amounts of time withth.

Ola spent from 30 minutes to 2 hours on her mattkwshe recounted,

It may be used to take me an hour to do a matbressps, maybe 30 minutes. And then, as | got into

advanced math and calculus, it would take me anggvfitem an hour and a half to two hours to do ahmat

lesson.

Ola positively portrayed her mathematics coursescamriculum. She reported the classes, itemiZinmpok
basic math until middle school, high school, | oo algebra. Um, | did like a pre-algebra, algebi2y algebra,
algebra 2. And then | got into advanced mathemasaitd then pre-calc and calc”. Her high schooldtapt verified
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that she completed Algebra 1 and 2, Advanced Maith (Geometry and Trigonometry/Pre-Calculus), amdcGlus.
Her Saxon curriculum integrated geometry and trigoetry within the algebra and advanced math clasies
clarified, “The geometry was, as well as trigonametas sort of um, combined with the advanced nmatties and
algebra. So, it sort of brought along in those setisj So, | did not take a specific geometry ocjgetrigonometry
course. It was integrated.” Ola enjoyed the rejoetiin her math textbooks, explaining,
I've always loved math. When we started out, walithe ABeka curriculum. . . . It was really good frs.
Ah, to give you a foundation in math. There was loftrepetition, which as a musician for me, itsw
important. That's how | learn . . . fourth andHifjrade we moved into Saxon math, which uh, | atielyl
love, lots of repetition, there as well. No friljast basic math due to the concepts laid outénésson and
you can do the problems. Um, so we did Saxon awmd tlane that through my senior year of high school.
So, that’s been great. . . . | really have lovedinhe’'ve done with Saxon and it's worked well foe.m
Ola credited her strong math background, along satine preparation, for her good SAT math score)(660
Her high school transcript verified that score. Smorted,
My approach to math is. . .if | can reason it djust feel confident with that. . . .l think it Eecause | had
such a strong background with all that repetittmotighout the years; [it] really grinds the consdptyour
mind of how to solve those problems. Um, | did ddSAT study book. . . . | could see how the SAime
of a *how you do it’ instead of ‘what you know'.
Overall, homeschooling was beneficial to Ola’s egHl academic preparation. She felt well prepareddp
music major, asserting,
I think I'm going to be very well prepared, espdgias a music major . . . math is really sorthod t
foundation of music in of itself. Um, you can’t v@imusic without mathematical structure althougdyttny.
Um, so, | mean, | think that that’s just going éalty help me in theory classes.
Ola was open to taking more math classes in cqlidgggaring, “I can definitely see myself taking r@anath classes
and possibly minoring in math or double majoringtie offered only one disadvantage, that of dasjrirction. Ola
contemplated,
I think that if, if at all the only con would be Viag that um, the instruction, having it explairted/ou being
able to ask questions. You can't ask a book questi . . the only con, instruction, daily instiaot
Still, Ola commended her homeschooling activitgesting, “I've had a really good math experienchitk that the
curriculum leaves um, really does prepare you Wek. heard [Ela] say, for the umpteenth time, howch Saxon
prepared her for calculus.” Pleased with Ola henéschool experience, Ola would change, “Absolutelhing”.
Ola explained how mathematics was useful, sensilole worthwhile, with budgeting, shopping, and rousi
She detailed,
Definitely. | mean in a store, that was one ofdestions on the survey, being in a store. Beithg tab
calculate in my head how much basically the distatguld be, how much sales tax will be . . . doyogr

budgeting. . . . | remember watching, | think itsasn adaptation of a Charles Dickens movie bookl. this
man says something about if your income is 20 ana gxpenditure is 20, that is not good. . . ut jhelps
you to make wise choices in your life. . . . Deféhy worthwhile; knowledge is never wasted . adeto a

just ah, better life.

Math correlated with music; she affirmed, “I thiitls so useful as a musician. . . . A definite etation and the more
and more that | teach music, the more and more itsnd | get really excited.” Her parents affidreer view of
math.

Math was important to her parents. A certified lescher mother worked in an elementary school. Ola
shared, “My mom majored as a teacher; so, shechhdve math for that | believe. And um, | mean sheally been
able to help a lot.” Her dad extensively used Mathis training and occupation. Ola reported,

My dad [is] definitely, [a] math, science geniusnldefinitely has been able to help me with thatduse of

that. And um, | think it really enabled him to deMin his schooling. Um, both at the Naval Acadeamyl at

Oxford and Duke. . . . He works with mortgages. He's done risk management.

O highly recommended homeschooling. She advised,

| think everybody should homeschool. . . . Wheavékids, I'm going to homeschool them. . . . #igh a

wonderful way to learn. . . . Even if your kids r@litchomeschooled technically they should be schiboighe

home on other things and homeschooling reallygusts all of that up.

Currently, Ola is a freshman at a private Souttolla university, 140 miles from her home. She &as
academic scholarship and is doing very well.

Ola home educator survey.Ola’s mother, the primary educator, filled out gugvey prior to the interview.
Ola provided detailed information, while the surgata consisted of succinct phrases. No directradiation existed.
Survey answers clarified and supplemented interiié@rmation.

The survey confirmed the interview. Identical igeincluded the ages, the sibling information, the
mathematical classes and curriculum, and Ola’srfeeszeubject, math. The graduate’s experience hdtimeschooling
was “positive, experience; nurturing environmehtilled to be homeschooled; was ready for collegg;hesitant
socially,” her experience with math in homeschapkiis “self-motivated and taught. Very successfutpied by Dad
weekly; good grasp of concepts. Good problem sdlver

They started homeschooling for spiritual trainargl continued because of success. The mother, Wvigee
wanted to include spiritual training/guidance alevigacademics. We also were concerned about thelity of
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values contrary to our faith/values being taugBhe stated, “With a daughter beginning H&y8ar of college, with
great success, we have gained confidence in howmeled. We have Results!”

The educator reported the math experiences. Tinewa included, “K-3 ABeka, 4-12, Saxon.” Insttiom
and experiences involved, “structured curriculueif-study; tutoring.” Personal interactions occdir§K-5) one on
one, teacher taught (6-12) self-study/tutor intéoas/conversations—mostly enjoyable, not stressful

Ola’s mother described her attitudes about matheatanstruction. She advised, “Make sure you baild
firm foundation early on. Drill math facts. Repigtit is essential — Saxon does this well. Be coamsisBest to stick w/
one curriculum to avoid gaps”. This good foundatiefped Ola score 660 on the SAT math sectionv8bte, “good
foundation, Consistent study in courses takenyitgdhe practice problems in the SAT book”. Thiformation lined
up with Ola’s responses.

Her mother credited the father. She explained, vilde a math major, served on a submarine wheradhéoh
qualify as an engineer. | really credit him.”

NAEP assessmentOlaanswered all of the NAEP assessment questionsatigtr8he described her work
and justified her methods for all items.

MSES scores. Olacored 8.1 overall, an 8.4 on Part | and a 7.6ahIR ranking above the female 95
percentile (Table 10). Her mother’s total score Was an 8.4 on Part | and a 6.5 on Part Il, betvihe female 80-90
percentiles. The father scored 8.6 overall, a .@art 1 and an 8.3 on Part Il, exceeding the Blgercentile.

257



Appendix O: Tad

Tad interview. Interviewed in the kitchen of his home, 21-year D&l willingly participated. He appeared
very open and honest, without any sign of nervossioe hesitation. The 48-minute interview took plagd-
afternoon. While his mother worked in the kitch&agd answered all questions, offering extra explanat

Religious and academic reasons motivated Tad'dyakie explained,

Mostly, | think probably religious reasons. Thegnted us to be taught through like a religiousesysof

education, a Christian one as opposed to goinglitiqggschool. . . . Part of that had to do with faet around

this area there are not great public schoolsBut I think mainly it was the religious convictien
Academic success encouraged them to continue. étefisol,

I think the reason why they keep homeschoolingyarez is because they've seen like there is a lot of

success | think academically with it. Um, | thinki& who are homeschooled tend to do better. | tthink

shows on the SAT scores and stuff.

T believed that his homeschool experience worlag well. In addition to good preparation for cgie
academics, he enjoyed extracurricular activitiesekplained,

| was very well prepared. . . . It was broad. It was really good, . . . | could do what | wanted a wide

range of things. | had a music teacher; | swamafewim team. . . . | ran for a like cross-counégrh; played

soccer for a recreational team. So, kind of likeodgepodge of things. . . . | did the homeschobhtie So, |

did that for four years, | think; and that was stinirgg that | really, really enjoyed. . . . | wasnaisician. |

competed in guitar.

He appreciated the flexibility of the homeschodiestule. Tad elaborated,

If I was in school, | would have all sorts of pretsis with attendance policy and stuff like that. Beiing

homeschooled, I could you know, do what | wantedl an. | was self-motivated because of it. | khiin

worked out well.

Tad talked about his favorite and least favoriésses. Specifically he enjoyed physiology and petting,

“Physiology was like the only one [of the scienddsit | kind of liked. . . . | really like math,ad’ He also enjoyed
writing and debate,
Writing became one of my favorite things. . . . [#ique area of learning that | got to participatedoing

like debates and going around to lots of diffetemtrnaments and competing. And so that was anbilngps

part of my life, in my last four years of high schoAnd so that was one of my favorite things.

Tad did not like French or a lot of the scienceasrdvealed, “I never really liked French. Frencls wimd of boring to
me. . .. I didn't really like a lot of my sciencéghought Physiology would probably be the solesption under like
the natural sciences.”

Tad positively portrayed his homeschool math erpee. He explained, “It was more than adequate. My
mom was a math teacher . . . .Your parents’ faga@itbjects are taught the most.” He participatedany math
competitions, describing, “So | was taught a lomMafth and | competed in several different math cetitipns in the
south”. He described it as a push from his motherapull from himself, relating,

It was kind of like a push and a pull. Like | pullenyself into because | liked it and | was kindbashed into

it by my parents because, | mean, my mom realgdlitath, too. But | was very eager to learn and

something about the numbers and the math wasilesall fits nicely and it's very understandable.
He related homeschooling to the economic prinajplieee markets, stating,

But | think homeschooling like is really, to a @nt degree, is an ideal way kind of education. lifleea free

market solution to do whatever you want. So likepersonally tailored to every single one of ykigs. . . .

...l wouldn't say that it's necessarily right feverybody; but, it can work really well in thepmppriate

environment . . . the mom’s able to teach welnd.can work well with the kids.
In the early years, Tad worked with basic math epte He remembered,

I mean as far back as my memory could go, | remefieesitting at that table and like adding penguilt's

like one of the first things | can remember. | thought that was hilarious. . . . | was like 3or. . . [Later] |

think we did workbooks, like very simple workbook until | was probably like, maybe 9 or 10 . . .

subtraction, division, and | even think we starégkbra in some of those.
His mother chose to use a mainstream, public sahwolculum. Tad explained,

We used like something that the University of Ch@#&®ress put out. Um, so we used a different typeath

curriculum, which is something more akin to whatigee in the public schoals . she didn’t really like the

homeschool curriculum, like Saxon or some of thos¢h curriculums.
Designed by faculty and students, Tad detaileddiisculum as,

Each textbook is probably like about 15 differenits and. . . . It breaks down the different cqise

dedicated to each unit. . . .You go through théohys you learn all the theorems that have to dibn i Um,

and then there is problem solving at the end ofi saction . . .and so we would take the test agtiteof
each one. . . . Some of them were more challertyizug others . . . like random stuff that is kindragégral to
like mathematics. . . . It covered all the basics.It's a large, large textbook. Um, tons anaktof like detail
put into everything.

T described his “very homeschool” math instructide.recounted,
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It wasn’t a homeschool only curriculum. But the wyas delivered was very homeschool . . . my mom
teaching us and giving us a lot of personal atanti. . a lot of time to work through the problems one
teacher to two student . . . lot of getting pushed,and a lot of one-on-one instruction. . . .ihikhalmost
every day. . . . | got paired up with my olderaist. . | had to like match what she was doinga little over
2 years older than me. . . . Just my mom sittingrdwith us, we'd read the chapter together. Anchthee
tackled some of the problems. . . .After we finstigat my mom would be like ok do this, like matdhe
lesson mastery sheet at the end of each sectioiVe spent at least an hour every day.
His mother stressed mastery learning. Tad reported,
If we did not get good scores on what they woultitba A sheet . . . then she would make us ddBtlsbeet
or the B um, test. Which is very similar in sty we would retake it if we didn’t get everythiright. So,
we would go through the old problems, learn howebthem right, learn how to solve it, and therwesild
get another chance on the B test. And | think sbelavtake the average.
The math classes continued year-round. Tad exglaine
My math education between maybe like 9 or 10 drgilvhen | went to college it was like continuo&o
we really didn’t get that many breaks over the s@mm.to finish one textbook per year. But it rereally
like exactly worked out to just fit into the scho@ar. It was just kind of like continuously goitigough
books.
His mother also taught other homeschoolers. Taallesl;
| would say that there was probably like maybe ywars where it wasn’t just me and my sister. Thers
like once we had some friends come over and so eve through might have been trigonometry together
with them. . . .It was the same style, just exzagde. And there was another time where anothkjogied
me and my sister for like one of the more advanowbe Statistics.
This group activity would spark conversations, emeging teamwork. Tad described,
We would always like talk about the questions akel We would usually try and follow the problems
together. And there were times, where we wouldetistuck on a problem. And so, we would be talking
about how to figure it out. And sometimes, the agrskeys don’t show how they arrived at the problems
And so there’s a lot of like discussion; um, adbtike, | think it was a lot probably like team-vkoin like
trying how to figure out how we could solve thispuhow we could solve the different problems.
T completed rigorous mathematical courses. Afterttasic arithmetic principles, he took the standiégt
school math courses, as well as advanced ondsedlainiversity while still in high school. He spfed, “I did
algebra. | did geometry. | did statistics. | digra-calc. . . . | did a trigonometry course. Andrttwhen | went to
university, | took calculus 1 and 2.” He descrilbésl calculus experience, relating,
I would say | had a lot of experience with it. Awlien | went to university down the street, | totdsses in
the Honors College, there. . . . | performed betian pretty much all the other kids in my classes. | think
| was well prepared.
T attributed his stellar SAT math score (780) tahm@mpetitions. He stated,
I think part of it was that | had done a lot of tnabmpetitions. . . .The AMC 8 is for like eighttage and
below. AMC 10 and the AMC 12 and | took all of tedssts, as | did Math Counts. So, | was very well
prepared for being like a good test taker wheaihe to Math and under time pressure and all thét st
His high school transcript verified that Tad coneteAlgebra 1 and 2, Geometry, Functions/Stati§tragonometry,
Pre-Calculus, and Calculus, as well as his SATescor
Tad honestly admitted that homeschooling had piatlesitawbacks. He was not able to find many other
participants for a competitive math team. Tad reivenmred,
We would have like team competitions sometimes. Brelthe homeschool community here it was really
hard to put together a good team. And uh, we s@abral years to put together a competitive teantit]
was like almost impossible to get together a feffedint kids who were like all really good at matiho
could compete with some of the really good puldicomls.
Another concern involved socialization. Thoughtfullad recognized,
I think maybe the biggest downfall is or falls isecof the more concerns for homeschooling is thatdon't
always get the same amount of social interactidimnk you can if you work at it; you can if youear
intentional about getting kids out and getting thermteract with other kids; it's not that hardthifiyou're
not careful, that can be something that doesniinaly happen. . . . Like that's one of the dowlsfalith
social, with homeschooling. In like, even when Intvio the university down the street for calcultigook
me a while to be able to like talk to the otherskilind of like making friends and stuff like that..
Transitioning to university was also kind of complgiven my homeschool background. But, like | \abte
to adjust. . . .But, it wasn't like the easiesnthat first.
Mathematics was useful, sensible, and worthwhil€ad. He detailed,
As a science student, like when | took physics $ sa@pposed to have taken Vector Calculus already! .
had some experience with it in the past. And sp #add, ‘Alright, fine; we'll let you like get a @mce to get
into this physics class.’ It was like an honors giby class with one of the best professors at myetsity.
And uh, actually | did really well in the course...| had the basic mathematical tools. . . uini like math
very useful in my physics and my overall sciencecadion . . . having a good mathematical underatgnd
helps you so much in problem solving in any of thesbjects.
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Math made sense to him. Tad recounted, “It makesese . . That's one of the things | love the nad®iut
mathematics. It's able to be grasped. . . . It& jtery nice and it all fits together.” Tad thougtdth worthwhile,
stating,

They do studies on CEOs . . .one or two things Haég that were the most important things for CEOs.

.One was the basic mathematical proficiency. Likdarstanding um, mathematics is like sooo imporftant

a broad range of things. Like just from living ydifie from managing your budget, you know. Figurimgw

far you can drive what gas . . . .Mathematicskis iomething that uh, is really, really importartd very,

very worthwhile for anybody who is going into higheglucation. . . . Pretty much every disciplingdn
know, in our world, can benefit from mathematics. Having to read complicated music sometimes, yo
need to know Math in order to figure out complichtbythms. And for artists, like knowing Geometikel is
not going to hurt you.

Both parents contributed to the homeschool. Hiswaidked to provide for the family so they could gee
homeschooling. Tad acknowledged his father’s indirele as,

My dad like was always working to support the fantiecause homeschooling is not necessarily cheap. .

Like the amount of curriculum and books you neeldug. Um, and even just like anything, transpootati

having to get to like all these different place's, mot like everything in one building, like youwwld go to in

public school. . . .It's pretty expensive.
His mother acted as the primary teacher, espediatlysing on math,

She’s taught us math and she did her Bachelor'dviagter’s in mathematics, Applied Mathematics. Ahe

was a teacher, teaching assistant at [universityg fwhile. She was a teacher for middle schod.kid. As

soon as we started getting homeschooled, thenwhargl just focused on teaching us. Um, but ste'di
teach us just math; she taught us French and howe &mglish grammar and writing and stuff like that.

T double majored in Biological Sciences and CladgGuitar from a major university in Californiahdn,
Tad earned acceptance in a well-known medical dd¢hddaryland, over 500 miles from his home. Acdogito his
mother in a follow-up email, he was doing very wimlmedical school.

Tad home educator survey.Survey data mostly confirmed the interview inforimaf and provided
additional detail about the math instruction. Thiengry teacher, the mother filled in the surveyptb the student
interview. Identical items included the age of sfedent, the sibling information, the length of lemthooling time and
the student’s favorite subject, math. All mathe®tilasses were mentioned, clarifying that thetrignetry course
included functions and statistics. The mother gdifad, “He was a breeze. He was so advancedandd relax at
his testing.” She described his college preparamriHe was excellently prepared.” She attributisdstellar SAT
math score to his rigorous math courses and matanying, claiming, “He did so well because of tiallenging
math curriculum we used. | also made him do eveoplem and 100% of the textbooks. If he got sonmgthirong we
went over it.”

Similar to Tad, the mother reported that theiri§fanity and curriculum choice provided the magasons
for homeschooling. She wrote, “To be able to tehelm from the Bible and to protect them from urlgaafluences.”
Likewise, they continued homeschooling, “also tiesiewhat curriculum we want to use.”

Tad’s mother described his mathematical expererglee described the curriculum, “We used the
University of Chicago Math all the way which isat bf applied math—real situations in the worldused to be in the
public schools.” Writing about his math experiensiee recounted, “He did his math at home. It wasctliieaching
until the last book, pre-calculus—he did self-studg took two calculus courses as dual enrolimetitealocal
university.” He enjoyed his homeschool math experéeand was grateful. She shared, “For the mositdr this
student it was enjoyable and interesting. At the @it all he said, ‘Thanks for teaching me Motwas fun.”
Instruction continued through the summer months;reported, “It went into the summer to finish."eS¢xplained that
she did not prepare for each math lesson, butoset avith them and went through the reading and lprab with them
as a tutor.

Tad'’s parents used math. His father provided maufar college students and ran a ministry forrmaional
students, both involving financial matters. Tad'sther was not certified as a math teacher, buekpdrience and a
positive attitude towards Math. She wrote, “I IdMath. | still teach my kids left at home. | was absh certified but
didn’t finish the summer requirement. | did teatiméddle school for one year.”

NAEP assessmentTadanswered all of the NAEP assessment questionsctigtrele described his work
and justified his methods for all ten questions.

MSES scores.Tadscored 8.7 overall, an 8.7 on Part | and an 8.Bam I, ranking above the male 95
percentile (Table 10). His mother’s total score &a% an 8.4 on Part | and a 8.9 on Part Il, altbgemale and female
95 percentiles. The father scored 7.8 overallQa08.Part 1 and a 6.5 on Part I, between the B@&I®0 percentiles.
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Appendix P: Rob

Rob interview. Interviewed in the lobby of his dormitory, 20-yezld Rob appeared relaxed and
comfortable. He answered all questions and provideig explanations. The interview took place a&aturday lunch.
Quiet with good acoustics, this location provideddaeal setting for the interview. The interviewgtied 41 minutes.

His family home-schooled for religious reasons. Rbared,

I think that mostly probably religious reasons. #&hkeep us insulated from other kids who mightilea

astray morally. . . . They [his parents] are of @teistian faith. Um, | believe that they just waahtus to be in

an environment where we weren'’t, | guess, congtahthllenged while we were young.
The academic success encouraged them to contireuexplained,

I think that as time went on, their reasons fambechooling probably um, morphed a little bit iattthey,

especially my mom, saw the benefits of homeschgamfar as academic excellence. Uh, but | thiak dis

time went on, homeschoolers really could not oyh par with private and public schoolers, buhdve
more advanced than them.
Rob took many classes outside the home. He dedgribe

| think our experience was pretty unique. . . .fReavho are outside of the homeschool world think

homeschooling, a lot of time they just think thabple, who um, are at home all day long, just & ¥neir

mom teaching them. But, for us, it was like thatf@ybe the first uh, half of our homeschooling$vBut
once it started getting into middle school and teghool, um, we really started taking classes wiftter
teachers, other groups, um, co-ops or resourcerserts they like to call them . . . like a minvpte school
environment.

Notably Rob completed most of his math classe®ate) as well as some social studies.

His homeschool math instruction started with bagickbooks, progressed to UCSMP, and then finished
with calculus at a local university. He recounted,

Starting out in our mathematical careers . . . thege just basic problem books, | guess that got

progressively harder and harder. You learned neweaqmts. But you just basically did problems and

problems. So it was kind of a lot of repetition.
Later, he used UCSMP textbooks, explaining,

The math was University of Chicago . . . very miiké a college level type textbook. . . . It wasstiper

interesting or anything or care to entertain yothwie textbook. But it just cared to inform you. It did a

good job of that.

The mother acted as the primary teacher in Robth matruction. Ensuring mastery, she checked vaaiky
and required the reworking of incorrect problemesdescribed, “And when we were finished with thenbaork, we
would show it to our mom. She would check it. Ahd was wrong, questions, and she would correeirtiior us and
make us do more, of course.” When he switchededJ8SMP texts, his mother used direct teachingiddellected,

Most of the time spent on math work, was uh, wighmom, one on one, um, | guess at our school fable

our schoolroom. . . . She would basically just rémdtextbook; | would listen. Um, and once thaswlane,

there was always exercises in the book. . . . @aehting was pretty structured. Um, we would alwgyshe
same format: she would go straight from the book As far as the homework, the quizzes and thig lte
guess it was a little bit less structured causeag more on my time, whenever | was at that ptinake the
test, or take the quiz or do the lesson masters With incorrect problems, um, | mean my mom wauld
make us like do homework and homework until we didrake mistakes. So if, | made a couple of missake
on the test for the chapter, they actually had tiek up tests, | guess for this curriculum. Sowbeld

make me take the next test and if | didn't get thra perfect, she’d make me take the next testlendext

test. So, that was kind of the rework until mast&wy, no tolerance for mistakes.

Although Rob finished all his textbooks, the tinpest on mathematics instruction varied; sometirhesstwould be
lapses; but they always finished the book. He tect#d,

There'd be like weeks where it was somewhat cossismaybe uh, an hour a day or so. There were also

times . . . we would not do math for several days taime, maybe even a week. Then we would have to

overload the next week and do 2 hours at a tin®or . . But it got done. And then there were Srlilee
maybe a month would go by and we would kind of paars math because we were busy with other things,
like debate tournaments. And then we’'d have ta daring the summer . . . always had to finishkbek.

We weren't done until we were done.

Although Rob now appreciated his mathematical sidie experienced stress during them. He revealed,

I think for the most part, probably stressful. Uraah, | think, like | enjoyed the material. But ithgrthe

lessons, it was usually stressful. And the intéoacivas limited to . . . my mom and I. . . . It wateessful.
He attributed that tension to his teenage rebelliistlosing,

As growing up teenagers, there were definitely §invaen having to be taught math by your mothermweds

always the most enjoyable thing, just cause itbased on her schedule. And she’d be like, alrighitav

doing math now. Um, so there | mean definitely was some tension, there. . . . | went through reaiger
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phase; | think we all do. And so, it was just adbtmy youthful rebellion against my mother’s dedior me
to learn.
Yet, he affirmed his instruction, maintaining,
Definitely times that it wasn't as enjoyable but,urdon’t know; somehow it ends up ok. . . . Anathime |
definitely would have said that | would have likedchave a class, um, just that it wasn’t one-on-&ug in
retrospect that was probably more beneficial for bm, so | don’t know. | think what happened, hapgg
and it was probably for the best. . . . | might have liked it but | don't think | would, like noif| could
change it, | don’t think | would.”
Rob completed pre-algebra through calculus. Heilddta
| started taking pre-algebra . . . then | tookabebra, geometry, uh trigonometry, functions aatisics,
um, and then | think after that | can’t remembdrtdiok a pre-calc course, but | took Calc 1.
His math classes contributed to his high SAT mathres (750), verified by his high school transcrif¢ asserted,
I think that all of the math that | did take ifgh school and before then, um, just the whole @fayinking
helped me be prepared for that [SAT]. Um, problaiviag techniques and seeing a problem and knowing
what they're asking and thinking of how to solvé it
He admitted that he took practice tests, but maiaththey only helped him get acclimated to the $&st format. R
acknowledged, “I did take some uh, of the pradiists. But that was just more to get, | guess,agtijmated to the
test itself.” His outstanding SAT performance ctated with his good calculus 1 experience.
Rob really enjoyed the calculus class he tooklatal university. He described the class, the anjest, and
his gratification in mastering the course. He rasted,
Senior year is when | took the class at [local arsity], at the Honors College, Calc 1. And umt thas just
a normal college class. . . . | think there wag fimays a week of class: three days of lecturesgagewith a
math software lab where we learned how to use Majohe which is a math software. . . . But, that westty
standard, we did lectures; had suggested homevggigranents, tests.
Although nervous academically, he was not nervoeialy; he revealed,
For me it wasn't that much different because | badn in classes with 25, 30 people, um, all thrchigh
school. And so it was really, the only differenoe ine was that it was college-level; it wasn't higihool
level. | really loved it. Um, | was actually surgped that even in the honors college, there wereasty
students that would like never show up to classvemald just talk to each other during class. Anat thas, |
mean, that was | guess, new; | hadn't really exgmexéd that in the homeschool world.
Rob believed he was well prepared for his collegéhncourses. He affirmed,
I would say | was very well prepared for collegetimelasses. . . . | took Calc 2 my first semesezehit was
easy. And then | took Number Theory last year. Awdas really hard but | really enjoyed it as well.
His high school transcript verified his math classeith grades ranging from 95-99. To R, mathersatias useful,
sensible, and worthwhile. It was valuable knowlettgg he found challenging and rewarding, asserting
Just like in day to day, uh, figuring out how tadiget stuff. . . . The algorithms [in Computer Scighwe
have to design are all based on Logic. It's albpem solving, which is what we do all day long. I think
it's a necessary part of everyday like, even urst, fxeing able to sustain yourself, economicalthink a lot
of people do not have a solid understanding ofmath. And it just makes them confused when theghav
huge credit debts, overspend their budget and lgétafthat. . . . And that rewarding experiencéeing able
to transition from not understanding-to-understagds a lot of the reason why I really love it
His parents also thought math very importfis mother earned two mathematics degrees and ttauagth
before homeschooling. He explained,
Math was what my mom did. . . . She used to teaath pum, for like school students | believe. But, sime
definitely had a pretty strong basis in math, urajared in math; got a Masters in Math. Um, so she w
definitely qualified.
The father's work demonstrated the importance ahrob described,
He runs the ministry. . . . He also in order togeincome, buys apartment buildings downtown Jatyd
rents them out to university students. That's alethat of finance and business and | think he Hesd
really good understanding of the basic uh, mathBut as far as like problem solving skills, hediditely
has a great understanding of that. Um, yeah, hritdy does well with that. . . embody it a lotliis work.
R recognized and appreciated the importance ahbiter’s dedication: repetition, problem solvingda
advanced classes. He detailed,
I think it was great. | don't really know how peepiot homeschool their child math, but, at leastrfe, my
mom since she really truly loved math and carediath® subject. She wanted us to love it | guesiscane
about it too, um, which we did in time. And uhilé time she put into it, which resulted in timatttve had
to put into it, um meant that we were doing it 8o | think that a lot of repetition um, in prebt solving
really helped us develop mathematical ways of thipkUm, and so because of that focus | think wet
might have had that advantage over students inoseliere math is just another subject, becausemym,
mom really took care to make sure that we knewjusgitthe basic high school math, but also functiamd
statistics and pre-calculus and a bunch of otlessels that people might not necessarily takeBut she
made definitely sure that we all were always laggmew things in math. Um, and we had that abitigt
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flexibility um that we could take math earlier thamguess, kids in school could. We could take tighool

math in like 7', 8" grade and then we had more time to take hardssesdater on.

Currently, Rob attends an academically acclaimeae South Carolina university with 2600 students
about 100 miles from his home. He double majoiGamputer Science and Political Science, using tmepater that
he built this summer from scratch.

Rob home educator survey.Overall, the data from the survey confirmed thernview information. The
primary teacher, the mother completed the surviey #ie interview took place. | do not believe thelas any
discussion between the mother and the student dfbesg questions because the student was at caleg#irect
contradictions existed; some answers differed, bat in point of view and minor curricula descigpts.

Identical items that included the age of the sttidie sibling information, the length of homesalimy
time, and the student’s favorite subject, math.mdithematics classes were mentioned. She described,

He was very creative when he was young. Homesatgaelas the best thing for him. . . . If he waschio®l

he would have been constrained to a desk for remdsvould not have had the opportunity to do thegth

he liked. He invented a lot of other things as W&tientific) and soon became a genius at compateds

filming. He was very advanced as well in his wonkl&o made my life easy.
She labeled his experience with math in homeschgpdis “It was totally adequate. It was advancadd his
preparation for college mathematics courses aswWateexcellently prepared, he either got one or istakes on the
[local university] Math Placement Test.” ConfirmiRpb’s information about his preparation for theTSAath test,
his mother credited the challenging curriculumtite excellent score, stating, “He did so well besgaaf the
challenging math curriculum we used. | also made dd every odd problem (even problems too if heaggtodds
wrong) and 100% of the textbook.” She providedaktformation about competitive testing, informifie actually
got 1 mistake only on the math part of the SAT .até® participated in the AMC8, Mathcounts and AMGi#&h
competitions when younger.” This educator provideste information about the reasons for homeschgolin

Like Rob, his mother revealed that the initials@afor homeschooling involved their faith and the
continuing reason depended on academic concerasxlounded, “To be able to teach about God (Jésus)the
Bible and to protect them from ungodly influences other kids at school and false teachers.” Shamed that the
freedom to choose rigorous curriculum inspireddotimue, stating,

same as above [initial reasons] and also to selexttly curriculum we want to use and the greakbawe

want to read. To study in detail what we want ke ligeography or French. To use the most challgnyiath

book we can find where it will be explained anditdaght. To have the freedom to travel.

Rob’s mother explained the math curricula, indtoang and experiences. She detailed the applicsitid the
University of Chicago Math Project as, “It is re#tuations in the world — applied math/scientifiwery picture is a
math problem. It was used in the public schooBithilar to Rob, the mother specified,

He did his math, at home at his desk. He spenban rer section. It was direct teaching until thst kwo

books, func/stats/trig and precal . . . . We didinfsh in the year but did all summer (it seemi&d Hrudgery

in the summer but ok.) He took calculus as duablenent at [local university] and probably enjoytbat the
most with the challenge and the use of the computer
Her answers on the survey added information abobtsself-study, expounding, “which he did [thetlago books]
on his own and came to me if he didn’t get somethimhis would indicate that Rob became more seffisient as he
matured in his studies, eventually enrolling imavarsity class during high school. She portrayéeka stressful
situation than Rob, but she did confirm much of Raiterview information, disclosing,

It was enjoyable and interesting. | taught himirat then he couldn’t wait for me and went aheadisnown

but he came to me if he didn’t understand somethigogaded his work and we talked about what he got

wrong (not much). He was a great student. It wastressful. It may not have been super-enjoyakée |

playing xbox soccer but he did seem to like it hod/ it made sense. He was very grateful that wieen h

finished his pre-calculus text (end of the sumnaad right after that took the [university] Math &aent

Test, he was ready and aced it.

The mother explained their mathematical attitudeke loved math and had teaching experience.esed,
“l love math and still teach my kids left at horhevas almost certified in SC but didn’t finish teemmer requirement.
| did teach middle school for one year and Algedirthe {local university} one semester.” She repdrt‘My spouse
does not like math courses but is a business/bgrgénius which deals with money and interest.” &mrouragement,
she attended homeschool conferences and suppag greetings, clarifying, “I went to homeschool ceneihce once a
year but missed the last 3 years. | belong to @l lpport group and go to their mom'’s meetingsnihean.”

Rob’s mother reflected on the past years of themeschooling. She reported, “Thank you for askiege
questions It made me reflect back on the memofigsaghing [T] and [R] and evaluate what | am ddifReaffirming
her commitment, she mused, “It is not any easi@rotmeschool but | am still convinced that it is Godill for our
family and the best for our children in terms afrieing and being protected.”

NAEP assessmentRob answered all of the NAEP assessment questansotly. He described his work
for all ten questions and justified her methodsalibten items.

MSES scores.Rob scored 8.6 overall, an 8.2 on Part | and @8.Part Il. His total score ranked above the
male 95 percentile (Table 10). His mother’s totalrs was 8.7, a 8.4 on Part | and a 8.9 on Pakdeeding both the
male and female 95 percentiles. The father scoi&dverall, a 9.0 on Part 1 and a 6.5 on Parteltiwben the male 80-
90 percentiles.
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Appendix Q: Wes

W interview. Despite a busy dinner crowd, 20-year old Wes asdriuther seemed comfortable. The
mother filled in the educator survey during the-ndisiute interview. She sat quietly nearby and effeone comment
when Wes had trouble remembering a name. Wes aedwélrquestions and offered extra explanation

Wes’s family home-schooled for academics and charaevelopment. His neighborhood fed into
substandard schools that experienced racial tendies explained,

| think the main reasons were that we kind of wara bad school district, the schooling wasn’t gread

also, we would have been, at the high school tweselike five white people. We would have reallgbén

the minority, there. And just the schooling wagrgat. And my parents didn’t want me to be badly
influenced, either, by public schooling.
They realized the benefit of homeschooling andinoetd. Wes recounted,

Homeschooling was working for us. We were learrarigt, and making good grades and still being

relatively good kids. So, they thought it was warki. . .They thought it was better schooling to be like one

on one with teachers
He asked to enroll in public school in tenth grades remembered,

| asked my parents if | could go to public schaol8" grade to play soccer for high school. But, they

wouldn’t let me cause they thought | might be badfiuenced. And so, | didn’t like that but it wiseir

choice | guess.
Despite his denied request, Wes positively viewatidéschooling. He was well prepared for college midthrelated,

I've taken trigonometry and statistics. . . . | vpaistty well prepared because they weren't thdicdit.

There was kind of like the stuff I'd already tak&ut it had been like maybe a few years since trgoetry.

So | had to relearn it. But it came back prettyilgas. . | did well. I've done well in my collegmath courses

and on the SAT. | think it was overall very positiv
He described his math experience as,

I think it was pretty adequate. . . . My experieméth homeschool. Um, | guess it's a lot of teachin

yourself. . . . I'm either doing the book on my owaml watched videos a lot. . . . It was more inetegient

than other schools. And | can do it on my own tiir@an get it done quicker than other schools.

W enjoyed physical education and math, while distikmost of the sciences. Speaking fondly of his
favorites, he reported,

My favorite subjects were easily, PE and math, pbbf . . . | like to exercise and math | just fimdn.

Like that survey, | thought it was fun. . . . Ajarts | find fun. | like to get outside. And thenath, | like

figuring out stuff in my head. Like, I'm a lifegudright now and it can be really boring. Sometirhde

math problems in my head, just for fun, to pasttiime.
He disliked biology and chemistry vocabulary, batliked physics more, revealing,

Stuff where | have to memorize a lot of terms. h'tlsee any use for it again, except just to phegdsts. So,

like biology, maybe chemistry. Physics was betemduse it had math in it that | liked.

His natural math affinity and good testing takikgls helped him score 700 on SAT math. His highad transcript
verified his score.

Wes attributed the good score to time managemehfimading most math problems to be easy. He distlps
“l didn’t waste too much time on the problems, whevas going through them. | think there was lilleg2oblems.
Like the first 22 are easy and like the last 3sanger hard.” Wes acknowledged he completed praietgte but he
didn’t need to take a prep class, stating, “I didtaf practice tests. . . . | went to a prep sl English section for
the English bit. But not the math, cause | wasggfing more with English than the math.”

Wes completed his homeschool math at home. He nhmamburses (verified by his high school trandgrip
“l took Pre-Algebra, Algebra, Algebra 2, | guesgdietry, Pre- Calc. . . . | took Consumer Math.l.did it all at
home”. His His earliest memories involved math wugys, stating,

One of the earlier things | remembered was likgrik multiplication problems; | wasn't getting thednd

then, we had something like string {Mother: matlapaups} math wrap-ups. And it was fun. You like

connecting the strings to each one and I'm a hamdgarner so it helped me get my multiplicatiomnvdo
Later he worked with Saxon, describing, “then likkink, Saxon, it was just the book and | kindagfnt through the
book. And it would explain it and the lesson, lika, and that would work for me.” Wes checked hiskyexplaining,

To check my answers, | usually do it on my owrhéak the back of the book and see if | could figuue

why | got one wrong. And if | couldn’t figure outwould go back to the beginning the lesson and ibo

over or get my dad to help.
He used Chalkdust video curriculum for the highosditourses, explaining, “PreCal, Geometry, artdrik Algebra
and Algebra 2 | all took on video from ChalkdushdAso it was a really good course, taught it walés liked the
Chalkdust curriculum. He appreciated the teachdrtha rewind option of the video, explaining,

The teacher | took like from a video course. He readly good. It was Chalkdust Math. . . . | dikligetting

taught by a teacher. And | could rewind if | didgét it. That was another thing that helped caossetimes

like in a classroom | won't understand somethikg in college and | can’t rewind it. . . . Um jilsé way he
taught was simple. And seeing it on a board, seleing he did it, it all made sense, step by step,.
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Despite his good experience with Chalkdust, Wegeft$o take math classes with peers.

Wes described the advantages and a disadvantdghissthomeschooling. He believed that self-paeing
his father’s availability to help were beneficielaiming, “I guess the advantages would be | caladt at my own
pace. Um, not have to rush through things and gjeinid and um, | could ask, | could get my Dad'tieThe one
disadvantage involved not taking an outside cla#is nvath. He declared,

One disadvantage would be able to um, do it witterst, do math with other kids, to study with themm, to

motivate me a bit more. . . . So, | could get tawhth with other kids. It would have been more fun.
Notably, Wes took one math course with his sister lze enjoyed the competition.

Wes and Mae worked together. Their natures fodtenecess despite logistical issues. He explained,

One year my sister and | took the same, took threegaath class and she was helping me if | didrt’itge.

. It was good because we're both really competitive The bad part was that we would try and tvéite

videos together sometimes and we were not alwagyrat the same time and we would get mad.

Wes believed mathematics to be useful, sensihtbyarthwhile. He understand its practical nature,
contributing, “I do view it as useful. . . . Itiseful in calculating everyday stuff . . . like legje tuition, going to a
grocery store, and how much it is going to costhetckout.” Math made sense to him; he declaredntatt all math
makes sense to me, except logarithms never made seme.” Wes noted that math knowledge makedessu
dependent on calculators, claiming,

It's worthwhile; there’s some stuff you probablyiwiever use. But, the stuff you will use will hefpu in

your life and you won’t be helpless and have toaisalculator and there’s none around or something.
Both his parents believed good mathematical stallse important. He explained,

| guess both my parents think it's important togoed at math. . . . They both have their Bacheldegrees;

neither one was in Math. . . . My dad’s is in emgiring and my mom’s in English, journalism. Um thei
one is a certified teacher. | guess my dad doeb mb#it with his job. He's an engineer for DHEC. |50 he
uses it a lotin his job. . . . My dad loves matfe’ve had competitions against each other in oadkéo see

who could figure out problems the fastest.

Wes recommended that all students take consumér. Fatasserted,

Definitely take consumer math in high school. Ettesugh its easy, it will help you the most with giieal

life situations like buying a car, figuring how nfua mortgage on a house is going to be . . .ewauihave

to cut out advanced calculus or something. Becankss you're going to major in that or take tmat i

college, | think it would help you to take a busis®r consumer math.
Currently, Wes works for a Christian landscapinmpany.

Wes educator survey.The survey data confirmed the interview informatias well as provided more
specifics about the math curriculum. The mothem wias the primary teacher, filled in the surveylette interview
was taking place. No direct contradiction existad aome survey answers clarified and supplementedview
information. Identical items included the age af #tudent, the sibling information, and the onthefstudent’s
favorite subjects, physical education. All mathdosatlasses were mentioned. The mother descriteed th
homeschooler’s experience with homeschooling dsieeded more structure and accountability”, higezlence with
math in homeschooling as, “Adequate—pretty goodd his preparation for college mathematics as,riyaiell.”

His mother described the two main reasons fotistato homeschool. These included the poor schamds
Christian character development. She wrote theesaas “poor schools in area; wanted God + chafacter

The mother provided more detail about the mathi@ula, instruction, and experiences. She used a
combination of manipulatives because Wes was stieéc learner, “He was a kinesthetic learner sased a lot of
manipulatives. . . . and a lot of manipulativeg likath wrap ups, Flash cars, JumpStart®k 2¥ computer programs;
GAME; Blocks unifix cubes.” Curriculums utilizedagtuded ABeka, Saxon, and Chalkdust. She detailkBeka for
younger years. . . . [used] Saxon for some midcieles. Chalkdust videos for high school [and] ABftaConsumer
Math.” The Chalkdust videos provided structure\iées and allowed his learning to be home based amd self-
directed. She explained, “DVD for high school, afitected; very little help from parents, except fjoe-calculus . . .
math was always at home, DVDs were awesome; graahér on DVD. . . . The DVDs provided structurbjolhr was
good for Wes.” His mother believed Wes thoughtihgsruction was good, but recognized his socialiregt
acknowledging, “I think he viewed it as a good aigrece but he is social so probably missed interactShe
confirmed that Wes thought math to be useful, $é@sind worthwhile, as well as fun, writing, “Yedun, too!”

Both parents played a significant role in W’s matlucation. The mother selected W’s curriculum and
helped him when needed. For support, she atterai®ésthool conferences, math workshops, supporpgrand co-
ops, writing, “All of the above were helpful to rae a homeschool mom.” When Wes had difficult pnaisién more
advanced math classes, he went to his dad, whmatteer described as, “Husband uses math at waike’s’s mother
used basic math in coaching; she described, “bas& math as a swim coach.” Neither one had tegatertification.

NAEP assessmentWes answered all of the NAEP assessment questisrectly. He described his work
and justified his methods for all questions. Altgbthe marked one answer incorrectly, his work destrated his
understanding and the item was marked correct.

MSES scores.Wes scored 6.7 overall, a 7.3 on Part | and a® Rast Il. His total score fell at the male 60
percentile (Table 10). His mother total score wds & 7.6 on Part | and a 6.4 on Part Il, rankiegveen the female
80-90 percentiles. The father scored 8.7 overdliPaon Part 1 and an 8.4 on Part I, exceedingrihle 95 percentile.
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Appendix R: Mae

Mae interview. Interviewed after her brother Wes, 21-year old ideemed comfortable with the process.
Arriving during her brother’s time, she listened iae answered all questions and offered extraaegpion. The
interview lasted 34 minutes.

Mae’s family home-schooled for academics and charatevelopment. The poor public school environment
provided the motivation to start homeschooling. Mkseified,

I think it had to do with that fact that my famiiyed in a, um, school district that wasn't the afesst and

they knew that um, the schools that we would begtd was not um, not probably be a good envirotmen
Her parents wanted to instill Christian principlebe described, “They also wanted to be able tokind, of guide our
schooling and be able to teach us from a Chrigt&spective and not have us learn about evolufibay wanted to be
able to teach us CreatiorHer family experienced success and continued. Mperted,

The reasons | stated for um, why we started ihjtigirobably were some of the reasons we continBetl.

also, it seemed to be working for us. And | think were um, doing well, learning and . . . they tijiduit

was just a good fit for us.

Mae described her homeschool experience in a pesitanner. She asserted,

Homeschooling was good for me. | never knew angthiifferent. So, um, for me it worked well. | fdide |

learned what | needed to . . . . | think it workesaly well for me and my siblings. . . . For me asva very

good option.
She appreciated the flexibility, expressing,

I enjoyed the flexibility of being able to start atiever time | wanted to in the morning and um, &@kkay off

here if | needed to go do some kind of servicegmiopr go on a trip with the family. So, | alsodikthe fact

that | could pick and choose my classes.

Mae enjoyed human anatomy, while disliking histang math. She explained, “Human Anatomy was
probably my favorite or one of my favorites. | iganjoyed learning about the human body.” Althostle performed
well in history and math, she disliked them, reirgal“l did well in both of them. So, it was nokéi | was failing. But
I just — history, | felt like it was boring. And rig | didn't like all the work and having to do thelculations.'Despite
her distain, she performed well on the SAT Math.

Mae scored well on the Math SAT subtest (640) arder good math grades, verified by her high school
transcript. She credited the score to her highaamath classes and practice. She stated,

The math classes that | took in high school prepare well. And then the SAT prep that | did, yowwn |

don’t know that | did a lot; but | did some praetitests, a lot of practice questions. So | thiséhhelped

me be prepared.

Her high school math classes provided adequateamtpn for her nursing major in college. They pded
a good foundation. She described,

| took um, algebra 1 and geometry and algebra 2 andonsumer math. . . . It was adequate foantkfor

the major | was going into in college; I'm a nuigimajor. The math | had in high school was verygadée

and | think that the curriculum that we used taugbtwell. | got a good foundation. . . . | was vesfl
prepared. Like it was kind of easy at times. | madé in it.

All Mae’s math courses took place in the home. &dared, “Math was always at home. . . . | negekt
any outside math classes.” In the elementary ybarsnother provided help with ABeka and other veses. Mae
explained,

| started in elementary school with . . . ABeka arithmetic . . . | liked ABeka when | did it @lementary

school. They had nice colorful pictures. And it viaisly easy and understandable. . . .We may hade h

flash cards for multiplication or something. | jliard my mom mention the math wrap-ups, which |

probably would not have thought of. But | do rerbemdoing those. Um, like for multiplication it kirof
helps you get those tables in your head.
She used Saxon in the middle school, rememberinghe middle school | think we moved into Saxon. Saxon, |
wasn'’t so crazy about, the textbook was kind ofrimprblack and white.” In high school, Mae used Réast and
ABeka. She reported,

| did Chalkdust for Algebra, Geometry, Algebra 2iddthen, my Consumer Math was ABeka again. So, |

really liked Chalkdust and we did the videos whhtt Um, and the teacher who did the lectures and

explained everything was very good at explaininggh clearly and it was good to have a like a teach
actually planning and going through um, you knolewiations and equations.

Mae remembered mostly working independently inh@atatics. Her mother helped her more in elementary
school and some in middle school. She recounted,

In elementary school with ABeka, um, my mom prolgatbrked with me more, then. Kind of going through

workbooks or stuff if | could kind of understandlitm, but I think | did a lot of it on my own. Urand also

in middle school, she probably would go throughasgts if | didn’t understand them.
She became more self-directed in middle schoobrtim,
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Mostly it was just working on my own, self-study...For middle school it was Saxon math. . . ould read
the textbook and then do the problems. | probabiyected them by myself. Um, and took it to my mmm
dad if I had problems.”
In high school she relied on the Chalkdust videlescribing,
[In] high school | guess that was with Chalkdud aideos. So, | watched the videos in the livingmoand
then | would do the work probably on my bed. Umm hot quite sure how much time | spent. Probabiy, a
hour to 2 hours a day - roughly, maybe sometimes le. . A lot of it was just working on my own.
Mae corrected her exercises, informing,
I would correct them, look in the back of the b@wid get the answers. And then, yeah, if | had tiveomg |
would just try to figure out why and | think thedkaof the book showed kind of how to work the peshs.
Um, and if | absolutely couldn’t figure it | woutdke it to my dad to figure it out and help me tigb.
M described the advantages of her homeschool pratiram. Like her brother, she affirmed the valfie o
setting her own pace and rewinding the videos, raaiimg,
Overall | think it was good. | think an advantagas that | was able to work at my own pace. Ujoif
know, | didn’t understand something; | had the dicaa to spend more time on it. It's not like it waset
class structure. | think another advantage is thighvideos, if | didn’t understand it | could justvind it.
You can't do that in a regular class. You can’tireithe teacher
She viewed self-correcting as an advantage, clgimin
Having to correct my own work probably is an adeget Um, because it made me really have to think
through ‘ok how do | get this right?’ . . . | hamdctually like, deal with my own mistakes. Um,
disadvantages, | can't really think of any.
Mae also saw the value of not waiting on others atass setting, revealing,
| think another advantage is that | didn’t haveitan a classroom, where other people are tryingrasp it
and | have to then spend time on them. If | undeisit and can just go ahead and | don’t have b ave
other people.
Mae and Wes worked together on at least one Chsikdath class. Overall, this experience worked out
well. Mae reported,
My younger brother and I, we, um, took some ofghme; it may have been Algebra 1, Geometry, and
Algebra 2 that we took it at the same time, bechgseas just a year behind me. . . . I think it fims. . . . It
was good that we could watch the video at the gamee Um, and also when we had problems my dacdcoul
sit down with both of us and go over it.
However, there existed some logistical stress.didosed, “Sometimes it was a stress because lyéhad one
textbook; so, only one of us could do it at a tilni&e do the problems or we've have to sit therside each other and
share the textbook.” She remembered some upstittieg with math, recalling, “Sometimes math wasikir
stressful. | remember crying, sitting there with yoyinger brother and my dad when he was tryingpdedn things.”
Mae agreed that mathematics was useful, sensiidewarthwhile. She acknowledged its practicality,

recognizing,
There’s a lot of basic concepts in math, that aeful for everyday things, like the things that ever
mentioned on the everyday math test like, calauigtihe tip, estimating your grocery bill. . . . Sotike for

calculating drug doses, very useful. Um, when yawvetto, you have to be able to know how to do tat,

kind of like algebra, you are putting in numbersddferent . . . a formula.
Math made sense and was worthwhile to Mae. Shettdini

There’s one right answer, which | like. So, yeamékes sense . . . worthwhile to know how to ds¢ho

things to get a firm foundation for the basics iatm

Both parents believed good mathematical skillseantportant. She explained, “I think my parentshbot
think that it's useful. Um and sensible. . . . Thegh are very supportive of being proficient iatth Being an
engineer, her father seemed to place a higher walues usefulness; she revealed,

I think my dad probably would say that math is maathwhile and useful than my mom. . . . He's an

engineer and so he had to use all of that and lailoed that. Where my mom was a journalism major, s

math, so she didn't need math as much. So, shetmpty wouldn’t view it as, as useful as my dad.
Both her parents participated with Mae’s math elgpee. She recounted, “In high school it was mastyydad who
would help me out when we had problems. Um, and thigeldle and elementary, my mom helped more. Shddvo
help me go over things.”

Currently, Mae pursues a Bachelor degree in NurairegChristian South Carolina university, 100 mile
from her home. She is doing very well.

Mae home educator survey.The survey data confirmed the interview informati®he primary teacher,
Mae’s mother filled in the survey before the intew. This limited the possibility of discussion aibdhe questions
prior to the interview. No direct contradiction stdd and some survey answers clarified and suppleahénterview
information. Identical items included the age af #tudent, the sibling information, and the studdegst favorite
subject, math. All mathematics classes were meatiolhe mother described the homeschooler’s experiwith
homeschooling as “Good experience; self-pacinghvedisful; great grades,” her experience with math in
homeschooling as, “It was adequate; she took the td do well; was thorough with her homework,” ded
preparation for college mathematics courses asy'Well.”

267



Mae’s mother confirmed the reasons for startingdmeschool. These included the poor schools and
Christian character development. She wrote theesaas “poor schools in area; wanted God + charastpart of their
schooling.”

The survey information verified the curriculum ds&he mother detailed, “ABeka for younger grades;
Saxon for some middle grades; Chalkdust videogifgir school [and] ABeka for Consumer Math.” The BHast
videos provided independence and allowed M’s |earid be home based and more self-directed. SHeaiead,

“DVD for high school — self directed; very littleelp from me or her dad.” The mother thought thaeMeewed the
math experience as positive, informing, “I thinleskould say it was positive.” She expressed tha Maught basic
math skills to be useful, sensible and worthwhiégorting, “Yes — basic math skills yes.”

Both parents played a significant role in M’s mattucation. The mother selected M’s curriculum agigéd
her when needed. For support, she attended honwsmirderences, math workshops, support groupscarnaps,
writing, “All of the above apply to me.” As needédae would seek help from her father, describedMsg,husband is
gifted in math + helped her as needed.” Neithertmatkteaching certification.

NAEP assessmentMaeanswered nine of the NAEP questions correctly. @&seribed her work and
justified her methods for all ten items. Compatiey answers with the 2jrade sample taking the assessment, 38%
of them missed the same item.

MSES scores.Maescored 7.4 overall, a 7.4 on Part | and a 7.4 anlP&ler total score ranked near the
female 90 percentile (Table 10). Her mother totaks was 7.1, a 7.6 on Part | and a 6.4 on Paretiyeen the female
80-90 percentiles. The father scored 8.7 overdlPaon Part 1 and an 8.4 on Part I, exceedingrihle 95 percentile.
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Appendix S: Ali

Ali interview. Interviewed in the kitchen of her residence, 23rysd Ali willingly participated. She
seemed very comfortable, being open and honesbuiiiiny sign of nervousness or hesitation. Theviee took
place after lunch. With no one else present, Aliveared all questions and offered extra explanatioen prompted.
The interview lasted 88 minutes.

Her parents started homeschooling as a resporGeds calling. She explained,

They just really felt God leading them to homesdhoo. It was back when homeschooling was stiltdkof

really fuzzy and the legality of all of it was y&now, still trying to be sorted out. For the longsie, my

sister and | didn’t have social security numbersabse they wanted to homeschool us. But they didn't
necessarily want to know the government to knowweawere around, so that no one would come to the
house. Um, so it was straight up God’s leading.

Ali shared their faith, especially when it concatmaathematics, articulating,

Math is the same, everywhere and it’s really juseautiful picture of God at work and nature. Artdihk

it's fantastic. There is a Bible verseRsalmsthat talks about thinking God’s thoughts after HAnd that

what math and science is to me, because you'rérigwut how the world works and how He know thigs
system of letters and numbers and how it can alwagle sense and, and it’s, it's just something God
created and | love learning about it becausels as much part of His creation as you know, yome or
an artist painting. Like | mean it's all equallyshgiful. And | just absolutely love it.”

Ali’'s family established themselves within a sugmpoup and was able to continue their individzedi
instruction. Ali remembered, “we found a supportsyn that we needed with other third option graogsnd of help
cover areas of schooling that mom wasn’t necegsanimpletely comfortable teaching, like high sdhéoglish. So
we ended up finding other teachers.” The flexipitif homeschooling allowed them to be creative &otk at their
own pace; she clarified,

The longer we homeschooled and the longer Mom sawrking . . . she just knew that that's what we

needed to keep doing. And the public school wouldl @p squashing a lot of what of what was goingvith

our creativity. . . . So it let us all work at thpeed that we could remain interested in and wédldmai
challenged in, without being overwhelmed and beitugk to a set system.
Ali appreciated the family closeness and the tr@jnEhe recalled,

We were a really close family and mostly becausevers homeschooling. . . . | was never bored vyithy,
know, I've done my homework now, and now there’'thing to do, because there was always someone to
play with.

She also enjoyed reading, relaying, “I've alwayallyeloved reading. And so | would often grab a band you know,

sit in my room or kind of hide off somewhere”

Her parents instilled good habits and routines;ddseribed,
No schoolwork in your pajamas. You had to be di@$sethe day. We every morning we got up and had
Bible time with Dad before he went to work. Andithave would have story time with Mom. . . . We waul
do our chores and then by 9 o’clock in the mornimgwould have to start with our homework. But we ha
to be dressed and up, and have been ready foathe d

Her love of mathematics and science sprung fromekperience. She believed,
I think that if | had not been homeschooled, | @tolly would have hated Math. | really honestly bedi¢hat,
because | would have been absolutely been boreéits. Because | was always ahead; | ended upisgipp
whole grade because, and a lot of it was becawss ko ahead in math that you know | could workaeah
the other subjects to kind of pull me along faster.| honestly don’t think | would have liked thaand
science if | wasn’'t homeschooled because | wasvalioto run with it. . . . | wasn’t lectured constgrand
then give homework and then be held back and tterse you get so bored in those situations andyten
end up hating those classes.

She also worked with her siblings, acting as arti8be described, “When | was a little older, | Vaokind of take over

going over math problems with my younger, if Momsvirusy. . . . | was the math, mini math tutor &f flouse.”

Math excited A. She described her mother’s insioactexplaining,
She was sort of the resident expert. So, she tangland my sister who were taking the same mathausec
could and it made life so much easier for mom.Then, three other girls from the homeschool grdgir
parents had Mom teach them math, too, becauseaheaally good at it. . . . Most of the lecturirapbened
in the living room, as we were on the couch and M a white board that she would stand on a chair.
We'd be in the living room because a lot of thehrlassons would start with a video. You have tavjere

the TV is.
Incorrect problems were done over until masterdiore&alled,
You would check each problem. . . . We would readamswer. Um, if it matched, then you know, that i

worked out. . . . After we went through all 20 pierhs, we'd go back and say ok, which one did ydu ge
wrong? . . . And sometimes it would have been Etatompletely and we would go back and do the
problem again until we got it right. . . . Or if weuldn't figure it out what was going on, | wowdd through
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it with Mom and we would look at it together. Inteeme cases we would call in Dad. . .the ultimaieis
all things math.”
Her mother stressed practical math skills. Ali Hech
She would take one or two of us with her to theestmd we would practice estimating. And we wowti)
know, practice adding, you know, keeping trackhef total cost of, of buying the groceries. . . eifhve hit
the clothing department; we started getting sales. Its let's go to the store and do math.l.want to bake
cookies; let's do chemistry. . . .It was all thedi
A reported another benefit concerning neatnesdainpg, “One of the other things that was greaiwgbmath, it
taught me the importance of being neat; becaugsuifgarble your numbers too much you're going totlye complete
wrong answer”.
A used Math-U-See curriculum. She recounted, “Bfgel and 2. Trig, GeometfyShe enthusiastically
remembered,
We used Math-U-See, which was a fantastic currioulu . came with these brilliant blocks . . .\With
fractions . . . always really good with making éry visual, tactile. . . . The guy who did the \adbe was
brilliant, cause he was able to make it intereséind fun. . . . There was always a story that wétft it. . . .
He just does a really good job of tying to actifal s possible.
During tenth grade, she taught herself trigonometng explained,
| basically taught myself trig. | would read thrduthe teacher book and then | would work the proile
And then, Mom would check it with me. And anythingot wrong, instead of her explaining to me wigot
it wrong, | would just go look at it again. Andli€ouldn’t figure it out, my dad could, cause hafs
engineer. . . . | think when | was teaching my#iedt was probably my favorite. I'm very much a, still
don't play well with others. Not that | can’t gdbag with people, but when it comes to school, dWrreally
well what | can do and how | work. And so, | am tosmfortable doing it by myself.
A completed Calculus | and Il at community colle§ée relayed,
Calculus was interesting because it was one ofirstydxperiences in a typical classroom setting.Ali
month into the class, | finally understood what \gasg on, and how it all worked together. . .still went
really well. | made A’s. . . . | highly recommencthuhomeschooling families who, if their childrer ar
planning on going to a university, to get them itatcal tech school classes before they graduatsuse
college is a culture shock. But then to add tHauoeishock of the academic system on top of thatst a
lot. . .. That was really, really good especiédiyme to kind of be familiar with how that all waad.
Her high school transcript verified her SAT matbrecand her excellent grades in Algebra 1 through
Calculus 2. Ali attributed her good SAT math sc@@0) to her math classes. She acknowledged,
“Math has just always made sense to me. . . . @tpbint | had gone through calculus . . . . I'heays loved it I've
always been good at it for some reason. . . . \esheouple of DVD programs that we used.”
Ali double majored in chemistry and English. Shevery prepared, explaining,
I took calculus and Diffy-Q in college. And themmuknow | was a chemistry major and so there was,
physical chemistry is lot of math. Physics itsslfust applied math, so there was a ton of mathyircollege
career. | always felt really confident and ablettecause it was a classroom setting. . . . | waka'bne
controlling the speed of the information going ibriwas you know usually the group of slow, the sstv
people you ever, you know what that means. Thelpabpt had a hard time getting it, you know yowntve
by their pace. So that gave me more than enoughttirbe able to figure out . . . what's going on.
Emphatically, Ali affirmed the value of mathemati&he elaborated,
Even if science is not your thing . . . you stéMe to have it to you know, when you’re shopping. If
you're painting your house, you got to figure oatvhmuch paint you need to buy to paint this rooat’th
this big. Um, you know, gas mileage, how much are going to be paying for gas? | mean it’s litgrall
everywhere and it's everything that we do and youtg know it. You don’t have to like it but youveto at
least know how to use some of it.
She remembered enlightening conversations witldady she related,
My dad always told me that math is the langudgeience and he was absolutely right and it alwagde
sense to me. That it, in this crazy insane woiifergnt things and different people would and erés and
languages like all this madness, math is the sam/where. . . . It's just that order, its simpiyciand its
following the rules you get the right answer, aneré’s only the one answer. . . . If you follow tiées, you
can find the right answer. And that order, that th@scomplexity and brilliance behind it has alwagsken
to me.
Worthwhile, math provided a language for sciena# apicture of God. Ali described,
It's worthwhile because it is the basic langufmescience which gives us one picture of how tloglgv
works . . . a picture of God in a sense because ibe system and there is logic there and itis t
everywhere.
Both parents valued math. Her parents providednvitera balance she shared, “Dad philosophized about
Math until the cows came home. But Mom was like,whkat is this good for? Tell me on a basic, fundatal level
why do | need to know this?” Her father first wotkas a carpenter, then as an engineer. Ali cldrifie
Dad worked as a carpenter and that clearly hasat Math just right there. Um, so, so he’s alwised
math and science. . . . Dad became a Chemical Eagin. . He was always very, very clear with neatt
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science and that was always very easy for him il with. So, whenever we would have a problem, you

know, in our curriculum or whatever, we would askd. . . Engineeresse was often the languageoideh

at dinner, because Dad would talk about his day.
Ali's mother inspired a love of learning. Ali exjied,

She’s not certified as a teacher; she never graddedm college. She has no degrees. But she’s been

brilliant with all of us. We were all different arsthe was able to meet us where we were and teableses

things and get us excited about this stuff. . agsvhad that passion that she was able to give.to u

Majoring in Chemistry and English, Ali graduatedhaHonors from a prominent South Carolina univgtsi
She now works as a chemist in quality control arsarch.

Ali home educator survey. Ali's mother filled out the home educator surveheTsurvey responses
confirmed the graduate interview data. As the print@acher, she filled in the survey prior to thedent interview. |
do not believe that there was any collaboratiomben the mother and the daughter. The survey asshaified and
supplemented interview information.

Identical items included the ages, sibling infotiora mathematical classes and curriculum, and the
graduate’s favorite subject, math. Similar to Alésponses, her mother explained: the homeschs@rperience with
homeschooling as “She loved it,” her experiencéwiath in homeschooling as, “Adequate, she lovagipd with
numbers;” and her preparation for college as, ‘Emxely well.” She believed that Ali's good SAT matbrformance
resulted from, “She understood numbers well anddgaying with them.” The mother reported thatthe
homeschooled for “religious reasons.”

Her mother identified the math curricula and iastion. Substantiating Ali's responses, she nathed
curricula as, “Math-U-See.” She described the uedion,

For the most part in high school we would watchwiteo together . . . occasionally we would haveeot

students—then | would explain the newest concemtyTwould do the pages and we would check them

together going over anything that was missed. Wdtds for algebra, algebra | & 1l and geometry.”
Her mother explained the transition to self-stugyporting, “| was very rusty on trig so we used $hene format, but
we figured it out together. . . . Half-way throutiie book, she just took it over and it was seléclied w/ questions
addressed to [father].”

The mother enjoyed math, for the most part. Stwgey

| was always ‘go-to’ mom in the support group:iasmany were good at math. | loved it up to &lg |

could getinto trig if | had to. . . . If | ever tha problem figuring anything out, [Father] waseatd do it,

engineer.

NAEP assessmentAli answered 10 of the NAEP assessment questiomectty. Efficiently, she described
her work and justified her methods for all ten isem

MSES scores.Ali scored 8.6 overall, an 8.7 on Part | and an 8.Ram |l. Her total score ranked above the
female and male 95 percentiles (Table 10). Her ertthotal score was 6.7, a 7.1 on Part | and @6.Bart I,
between the female 70-80 percentiles. Her fattemise was an 8.6 overall, an 8.8 on Part | andZoBPart I,
above the male 95 percentile.
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Appendix T: Hali

Hali interview. Interviewed in her dorm room, 19-year old Hali sedmelaxed. The interview took place
after Sunday lunch. Hali answered all questionsaffeded extra explanation when prompted. The ingev lasted 50
minutes.

Her family home-schooled for faith and academisoea. The public school environment prompted the
parents to consider homeschooling. Hali clarifiégthmeschooling for them [aligned with] their faitlased ideology
for how they wanted to raise their children, esalécin the environment that we lived in New Hamipshat that
time.” They wanted to direct their children’s edtica; Hali related, “My parents both are very passite about
education. . . . And so for them it worked in immorating that secular desire for just good edunatiith their desire to
raise their children in their faith.” Hali definddbr family’s faith as, “My family, my parents and/rarothers and
sisters and | are Christians. And we all are withifresbyterian denomination, all of us. Um, weehawore of a
Reformed doctrine in our church practices.” Homesting aligned with their Christian principles apotential
scholarships. Hali explained,

They still find that homeschooling aligns well witbw they want to raise their children in termghair

children learning about their faith . . . beingefte fully live out their faith, their Christianifh. . . .

Homeschooling provides my sister with the need-tb&sed of education that she needs to um, get d hea

start on getting scholarships and acceptancesad gchools.

H represented both advantages and disadvantage&etiified, “Generally, my experience with
homeschooling was positive. Um, but | consider rifytsebe more of a neutral positive.” She appresgiahe
flexibility and individualization, detailing,

There are many things that | really enjoyed abeindphomeschooled. | enjoyed the need-based edneti

approach because | was very proficient in someestbpand in other subjects | needed a lot morevatain.

... I really appreciated the opportunities tanpdait my own high school uh, schedule of courses lho

wanted to do things, especially in terms of, bargncurrent student at a community college and a

university. And um, being able to plan out my ARises . . . and really pursue the things | wagested in

academically.
She exposed some disadvantages describing,

There was definitely deficiencies or disadvantages,as | think there are within the educatioryatem

program. And um, some of that just involved notale; being a little slower to learn other teachers’

teaching styles. . . . Perhaps, too much focus yeducation and | wish, that | think at times itstao much
of an idol.

H felt passionate about languages, while dislikifagh. She explained,
Definitely my favorite subjects during my homeschygears [were] foreign languages. . . . | kept addin
languages and keeping up with the previous oned.lAirtutor Latin as well throughout high school to
middle school students. . . . | loved everythingwht, from learning different kinds of vocabuldry
figuring out phonetics and sentence inflectionstay. . . . | just found it all fascinating.

Although Hali earned A’s (verified by her high schéranscript), she felt much frustration with mégksons. She
revealed,
My consistently least favorite subject was alwayghm . . my absolute least favorite subjectwould have
been geometry. | really hated it. And it was nattthhad any major issue that was identifiableryr a
handicap or thinking block. But | was completelymativated and that’s the only thing | can figure about
that. . . . My grades — | always got As in mathut Bl my mind, | hated math and | was really bad,at
because it was associated negatively with the tegeming over problems and getting into confligtwny
mother.
Her dislike of mathematics caused conflict with hmether. Hali lamented,
The math academic work that | was undergoing wag steessful. And um, was really the crux of adbt
relationship issues | had with my mother, duringsthyears. So, there was a lot of stress ther&he math
was making our relationship less peaceful. . .tuAlcmath academic work was very stressful.”
Despite her stressful experience, she performetomghe math section of the SAT, verified by higghhschool
transcript
Although Hali felt her SAT score (620) unimpressiske attributed her performance to her test padjoar
and her math foundation. She detailed,
I scored a 620 . . . in my mind that wasn't noteigh. . . . | certainly went through plenty of $4nath
prep books. . . . | was very nervous about it. f&mabe helped somewhat, but | think a lot of it jues the
thoroughness of my math education up through Algélthat was drilled into me. . . . | did practissts,
especially in math. . . . | definitely did focu$od on that.
Hali progressed from one-on-one instruction to-tedthing. Initially, her mother taught her withiBdones
curriculum and then she transitioned into Saxotbteoks. Her mother carefully trained Hali to becomare
independent. Hali specified,
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We used Bob Jones University Press Mathematicsdyadkich | liked because they were colored, from
preschool. . . . [to] 8 grade. . . . Then | used Saxon frothgtade all the way througt'@rade, Algebra Il. .
.. When | was a little girl and going through mgth course, my mother would go through it withemery
day. She was the primary educator in our homesgtgtamily. And so, uh, she would be at my side and
would teach me the basic concepts or whatever keakesson. And then, she would usually, my mothes w
big on independence, and so, she would usuallytstek and let me finish the lesson. And then edesy
she would grade the lesson and go over it withSoeas | got further into elementary school, theetthat
she spent explaining something lessened in thettiatd spent going through the lesson on my own
increased. And, then by the time | was getting pr-algebra and algebra |, um, it was very inddpan. . .
| was basically teaching the concepts to myself.

Hali devoted a huge amount of time to math worktaithree hours. She described,
| spent a lot of time on Math. That was the ongesttlthat took up more time than anything elsenehe
year that | was taking three languages and tutaimg . . . | did have OCD at that time. . . . lulebget up at
5 or so and | would just be alone at my desk anduld start on my math and by the time that we had
breakfast, around 8 o’clock, | would probably hfiméshed my math lesson for the day. And it wasaging.
... Itjust wasn’t learning the lesson, it wasoatorrecting all of the errors from the previoay’d lesson. . .
. I redid all of the problems that | missed anchthevould go through the lesson for the day andhgough
its concepts and the practice problems and thevuldwdo the lesson.
Starting with Geometry, Haliswitched her learn@myironments. She remembered, Once | got intétent

grade and was taking Geometry, my math educatantestto go downhill. . . . That was the last madhrse
I took at home . . . | didn’t enjoy it and | didr@pply myself. And so | don't think | learned asahuas |
could have.

The next year she took an inadequate pre-calcekmirce center class. She disclosed,
Pre-calculus was the first math course that | matside of the home and it was taught by a teasherwas
not, uh, was not suited to teach the course. Amé& much simpler than math | had done since middle
school. And, so, | would say my pre-calculus, tnigmetry, basics of probability and statistics, #iat of
advanced math stuff was inadequate. . . . Andri'tiithve to study for that class. Other than ddimy
homework on my own and then being in class.

The next year, Hali enrolled in a local communitylege for statistics. She conceded,

“By statistics, it was, the community college sture of the class was memorize the formula, corteedlass,

regurgitate it for the test. So, | don't think thatctually really learned math past my year ofrgetry.” Hali

acknowledged that she enjoyed the classes outsideame, but did not learn as much as by self-stadiyitting,
I very much enjoyed it transferring the math auittydigure in my life from my mother to another gen. . .
. Taking it with peers really just pushed me to ttardo well. And | didn’t have that problem witther
courses, but | really, really enjoyed that peeugrfor math. . . . | do love the way that | wasgiaiforced
me to teach myself, because | really remembertitway. But on the other hand, | did so muchdvett
terms of my enjoyment of math when | was takingith peers . . . so it's hard for me to decide Wwhiay
worked better for me.

Because the one | enjoyed more, but the other actublly think | learned more from.
H felt well equipped her for college mathematidse elated,
I've been adequately prepared. . . . For my maf@re’s only one math course required, which isatisics
course, which I took in high school. . . . For courses that require math . . . | feel very adégjy prepared .
. . goes back to the basics of . . . elementargaainath principles, and discipline of how to apgro
problems. . . . Fundamentals | learned from algbhbree stuck with me.

In college, Hali appreciated her homeschool mathimmore. She acknowledged,
My perspective on math has changed, retroactivetgtoospectively since high school. And | haveucn
greater appreciation for math as a subject, thesedl to. And | in a lot of ways, long for those rgelaack that
| can do them over again, because | appreciatedtsabject now. So and appreciating more what othen
especially, both of my parents were doing for ménwmath education.”

She realized the benefits of her thorough progdeularing,
My math education | think was very adequate. Ikhirwas wonderful. . . . It was very thoroughwis
grueling to me because | didn't enjoy it. But itsmgery thorough and adequate, beyond measure, very
extensive. Um, and | found that as | went into pthebjects, such as chemistry in high school amanistry
in college, | really do have an excellent math fbation for understanding things. . . . That wassthigiect
that | had to be diligent on, year after year aftear, instead of just losing a year in math. Uon|, think
math was being homeschooled was very advantagedaadhing me math. . . . | am very grateful thags
homeschooled for my math education because | wilidre had that ability to do that in another saho
environment. So | actually think that, even thongdth wasn'’t the subject that | excelled in, makh,li
homeschooling helped me to excel in the subjeetsitivorked, that | was really gifted at. But it svalso
really good for me in forcing me to keep up andiligent in subjects that | would have totally dissed in
another schooling environment.
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The only thing that Hali would have changed wamttude another student, declaring, “I wish thhadl taken math
alongside with a family friend or someone like thatl shared the math teaching responsibilities awitbther
homeschooling parent.”

Hali emphatically agreed that mathematics was lisednsible, and worthwhile. Math enhanced youinbra
capability, she claimed, “I consider mathematicbeaof an extremely useful nature. . . . The egerthat it gives to
your mind to be able to solve it and the resoulloeks, the creativity, the logic that it takesdshealthy”. Describing
math to be sensible, she explained,

| find math to be very sensible. | love it. . .wikh that | had more of a broad-minded understandf

different disciplines within math. But what | doderstand, | take pleasure in the fact that it isi#e.”
Interestingly, Hali believed math was worthwhilspecially for females, asserting,

I wish that girls would go farther with math thathink that they do. . . . | just think it's veryorthwhile and

I don’t know. | just think we have some sort of mlegender misconception that boys are good at avadh

don’t see any real reason for that.

Both Hali's parents possessed science backgroualdekplained,

My father has an excellent background in math. tddied chemistry in undergrad and then computer

engineering for his graduate degree. My motheravMai®logy/pre-med in her undergraduate degreeh®&p t

both had this, they come from a science or matipptied math background.
Her father taught Hali about financial matters. 8relly remembered,

We really did have a lot of family conversationttinas devoted in some way to math. | had brothmays;

father is an engineer and is gifted in math an@e&sfly in economics and understanding financiattens. . .

. Talking about compounded interest; and savingsmaortgage rates and sales tax. . . . We haddf lot

conversations like that. Even today, we still do.

Hali summed up, “My parents certainly are passiemdiout math education”.
Currently, Hali attends the Honors College withila@e South Carolina public university, 130 milesn her home.
She pursues a Bachelor of Science in Nursing.

Hali home educator survey. The survey data confirmed the interview informatidhe primary teacher,
M’s mother filled in the survey after the intervieldue to the distance between them, there was &Gtthnce for
collaboration No direct contradiction existed andvey answers clarified interview information.

Identical items included the age of the studdm&,sibling information, and the student’s favostal least
favorite subjects, languages and math, respectigdlynathematics classes were mentioned. The matbscribed
Hali's experience as “Overall, | believe our studeas thankful for home education and valued tifiereand
outcome. There were difficulties, some associatitld peing home schooled. However, difficulties argart of the
normal overall development of the student.”

Christian education motivated them to homeschsloé wrote, “We wanted to provide a quality Christia
education that glorified God.” About the continuirgasons, her mother reported, “Our reasons rethaisame,
although we also see the benefit of filtering omadstrating cultural influences.”

The mother’s answers aligned with Hali’s aboutrireth experiences. She favored the Saxon currigulum
explaining, “My favorite curriculum vendor is SaxBublishing. [Their] integrated approach to theemat affords the
student the repetition necessary for mastery.”@é@ acknowledged the graduate’s lack of motivatbsrmath,
admitting, “[Hail] demonstrated the least zeal fare mathematics. Applied mathematics were oélappeal as well,
but more acceptable to her as she saw the dirptitation.” Additionally, her mother recognized tdesire for more
peer interaction stating, “I would refine someud presentation of these courses if done agaihapsi would
provide a more social environment.” Hali’'s math eation prepared her for the college and SAT maghlading,

[Hali] was well prepared for mathematics. . . .i@8hce, hard work and faithfulness! The tools ahbe

student and the application of these tools to thigest of mathematics afforded her the ability topdetty

well on the SAT. These same tools will enable bdye a good student in other academic arenas.
Her mother stressed mastery, asserting, “Masteggsential. If the student did not ‘get’ materi@ koned in on this
area. By the time she took a test, there was @éaiainty of mastery.” Praising Hali's, her matheaintained,

This was NOT this student’s favorite subject! Sdress common as well as a general lack of zeal.eHad

positive relationship with Christ and had a deveigpmaturity that eased the process. | was proutenf
The mother valued mathematics and acknowledgealt ¢ffort. She reported,

God is the master mathematician. To know this d@ceegalue this area is to honor, to glorify to gn{@od.

Although | am competent in math, | would not dasennyself as a master of it. | too, have to work on

learning math, re-learning math and applying matbgportunities | am afforded. | am not afraidearh.

NAEP assessmentHali answered nine of the NAEP assessment questiorectgriShe described her work
and justified her methods for all ten questionsnParing her answers with the"igrade sample taking the
assessment, 72 percent also missed that item.

MSES scores.Hali scored 7.9 overall, Part | (7.7) and Par8liLj. Her mother’s total score matched H's, at
7.9, Part | (8.3) and Part Il (7.6). The fatherredo3.5 overall, Part | (8.4) and Part Il (8.6)ll tAree ranked in the 95
percentile (Table 10).
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Appendix U: Ben

Ben interview. In the quiet classroom, 20-year old Ben eagerlyigpated. He answered all questions and
offered extra explanation when prompted. The inéswasted 78 minutes.

His parents wanted to participate in their childseeducation and to protect them from bad influsntée
explained, “It kind of started off as | think MomaDad they really wanted to have a big like ag#g of our learning
career. . . . they wanted to have a big part indewelopment.” Until he was 10, Ben was small figrdge and his
parents worried about bullying. Ben related, “l knone of the things that Mom said was they wereagaafraid to
send me to public school, cause they thought thaislgoing to be bullied.” The schools were unsaig not the right
place for Ben. He informed,

Some of the schools that we were zoned for weratessarily the best schools in the area. Likecélpe

the middle school. . . . during my high school gethey started having a lot of gang issues.’m just kind

of one of those people that who is out there amnduld get in trouble a lot. So, it probably woulaMe been
bad for me to be in a situation like that.
Ben positively described his homeschool. He regorte

My experience with homeschooling, | just have tp that it was, | mean, it was fantastic. . . . bvi&e, ‘I

don’t want to go to public school. | don’t wantttave to deal with all that social, like the sociaziness’.
Yet, he saw himself as a normal person, not a hcinoeder stereotype, emphasizing,

I'm not a homeschooler, | was homeschooled. Becatigm people think homeschooler, they think calico

dresses and socks, uh, jean shorts pulled up toway past your navel . . . white T-shirt tucked.in. I'm a

normal person.

He valued people that he interacted with, statifige people that | was around, it was really fatitas . . The people
that | was around in homeschooling really influehoge.” Ben enjoyed chemistry, history and Englisit, disliked
math. He clarified,

Chemistry, of course. . . . My teacher for chemgigireighth grade [Hali's mother] was absolutely

phenomenal. . . . [she] taught me, her daughteli][ldad my friend. . . . | enjoyed learning abdugtory. . . .

| enjoyed English. . . . Surprisingly, | never tgdiked math very much. . . .But it was just orfetmse

things, it was kind of always there, ‘Aw, | gotdo math now’.

In retrospect, Ben realized his homeschool matlefited him greatly. His curriculum included basiath
skills, Saxon, and Teaching Textbooks. He detaffdft just did basic math. We did like times tables. | did Saxon
4/5 . . . to Algebra | in eighth grade. . . . Iikodlgebra Il and Geometry with Teaching Textbooksi's mother
motivated him towards mastery and self-study. Benambered,

Mom was great at math. . . .Up to eighth, ninthdgrgear, she sat down and read the lesson with mié.

you get like this many right, she’s like you cantdf the problems. . . . If | got them wrong thie next

day | would have to do all the problems, whichihkhback now is 25 problems. ... It gave me incentine
that actually really, really worked for me. . ause | hated doing work.
Self-study worked well for Ben. He asserted,

And that worked well for me. . . . It was reallyfsdriven because that was what I, | was good dpeit the

math stuff and | could learn it. And if | sit dowvith a math book. . . | can memorize math stuff #reh

apply it. . . . | think that being able to do théngn your own, really prepares you well for refd.lCause in
real life you don’t have someone standing behina with a whip, going do this do this. . . . It teas you to

be able to assess things and learn things on yeor o
Saxon provided a better foundation than Teachingbbeks. He contended,

The courses that | took in the beginning, which ®agon, they gave me the foundation that | neeldedk

Saxon for Algebra 1, Teaching Textbooks for Algebraremember so much more Algebra 1 than Algebra

2... .Saxon ... | would look at the probleffitssay this is how it's solved. . . . And | wouldmember how

it worked. . . . Saxon was hard . . . but you leatat. . . . Teaching Textbooks they did a godal.jo. but for

me it didn’t work. . . . They tried to oversimplifiy Uh, and | would get bored . . . it would takem so long.
His high school transcript verified his math cosraed his grades, 89 to 101. Ben took two classessde of the
home. He didn’t learn much, asserting,

When | was at home, it was very adequate. Wheft tHe home, it was inadequate. . . . Eleventhgrad

would basically say that that was the first yestopped taking math because | took pre-calculust wasn't

really pre-calculus . . . | did take it with [Hali] . .l really honestly feel like | didn't takeath that year. . . .

The class was fun, but we just really didn’t leamach. . . . Then, | took calculus at a tech schooldidn’t

apply myself in that class enough and | just wardrid took the tests and made A’s because | could

memorize.

Ben felt he had a good math foundation, but expiessgret over his SAT math scores (610), which was
verified by his high school transcript. He reveatédlidn’t do nearly as well as | wanted to. .The SAT was not my
test. The ACT was my test”. Still above averageatimowledged, “It's because | knew math. . .| widobk at the
problems and I'd be like, I've seen this before. second nature type of thing”.

Ben shared his initial struggles with college chlsuHe reported,
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The speed with which | jumped into calculus waéfidift. . . .The wheels were rusty. And | did fastia on
my final exam. But before that. . . .| had somdlydzad tests and | was just thinking | have thisnoy gosh,
| can't believe that this is what's happening. Lika trying to just scramble to catch up.

Reflecting on his homeschool experience, Ben betievsaved him from failure. He revealed, “I dmth
that it was the best thing for me and also at Ishaping who | am today.” Ben was a rough chilanigthg, “I'm
amazed that Mom has put up with us that long. | kg of a rough child.” Lacking motivation and digline, he
would have become the lowest common denominatschiools, disclosing,

In today’s society where like the schooling systehere everything is taken and put down to the léwes

common denominator . . . so that no one feels badtahemselves. | think that homeschooling was

definitely the way to go for me, cause | would haeen that kid that would be like, pretend like Btapid .

. .just glided through school. . .fairly recentig dt really click, the true importance of havingaod

education and why | was doing it. Cause | realided it's going to affect the rest of my life. Ahavant to

be educated . . .. I'm really glad | didn’t haeedieal with this when | was younger. . . . Wherakwounger,

I wouldn’t have cared; sure, I'll drink. But now . | kind of like have a check in my spirit.

Grateful for his parents’ persistence and leadpr®en admitted,

My mom and dad were really strict with me for a thiecause | kind of was a trouble child. . . .Iraally

realizing now is that they were giving me a goadrgg foundation and they wanted me to understand wh

we believe this and why we believe that and whydidethings this way and not that. So, | think tjust it
was definitely the best way for me. . . . | didwant to succeed, that was something | had to learnif
you're pushed to your full potential; one day ybedalize why. . . . That was the most benefidighg for
me. And | think that it has really shaped who Iama I'm striving to be.

Ben’s mother acted as the primary teacher andattief supported her. Ben labeled his Dad as theepus
and his mother as the enforcer, describing, “Astdool, Dad’s been like the, well Dad kind of peshs, and Mom is
the enforcer.” His mother’s family valued educatioost. Ben explained, “Academics has always bealfyre
important to her side of the family. Whereas, Dtag,way he grew up, academics wasn'’t just as irapbtb them.”
Both parents obtained college degrees; his motaered as a physical therapist and his father wbdea salesman.
Ben detailed, “She’s actually a physical therapist. What he always wanted to do is what he isgloow, sales. . . .
He's really good at interaction with people andiggtthings done.” He spent time with B. Ben redeuah

| got a broken car and I rebuilt it. . . . | figdreut what was wrong with it. And | put it back &dger again. .

.. | took that project on as my own. And Dad kafdvould come out and give me advice. . . . Evanetwe

would go out to the shop . . . and we do stufflearning how to fix things, do things with my luksn

Ben valued mathematics stating, “I think that niathseful, sensible, and worthwhile.” He understisd
practical nature, describing, “When | was younggrolught | never am going to use this. | workedstarction this
summer. . . . This assessment [NAEP], insulatiamgthlaughed cause . . . | knew the answer toghidlem”. B
thought math sensible and essential, stating,

If you didn’t have math, you wouldn’t be ableftmction. . . . When | was building stuff, you usgebra a

lot because like, you would have all these equation. ‘How much concrete are we going to need'?
Currently, Ben attends a South Carolina colleg®,rhiles from his home. He majors in Biochemistry.

Ben home educator survey Ben’'s mother, the primary teacher, filled in thevey after the interview. | do
not believe there was discussion between the gradunal the educator about the questions. No ditedtadiction
existed and some survey answers clarified interigarmation.

The survey data confirmed the graduate’s intervigentical items included the student’s age, thiéng
information, the mathematics classes, and theawlam. The mother described the graduate’s expegigrith
homeschooling as, “positive,” his experience withtimin homeschooling as, “Grasps concepts quitidyy about
doing daily work,” and his preparation for colleg@thematics courses as, “Had difficulty with calu! Concerning
math instruction, she answered, “All math unti"tade done at home for [Ben]. Reworked incorresblems.”

The main reasons for homeschooling included acadand Christian character development. For thigaini
reason she wrote, “Not ready to have first chil/eehome for kindergarten.” She reported the caintgreason as,
“Best meets the intellectual and spiritual needsawh child.” This matched with Ben’s information.

The mother acted as the primary educator. Shetsdl®en’s curriculum, assisting him when needée. S
described her involvement as, “l was more hande4timthis subject.” She liked math, reporting, ikd math and see
it as ‘puzzle working.” She wrote that both sheldrer husband earned college degrees and compheitdclasses,
answering, “We are both college graduates and tegiired math.”

NAEP assessmentBen answered nine of the NAEP assessment qusst@rectly. He described his work
for all questions and justified his methods forheiiems. Comparing his answers with thé §Pade sample taking the
assessment, 78% of them missed the same item.

MSES scores.Benscored 7.3 overall, an 8.0 on Part | and a 6.5anlP His total score ranked between
the male 70-80 percentiles (Table 10). His mothtal score was 7.9, an 8.1 on Part | and a 7.8onlP at the female
95 percentile. The father scored 7.6 overall, on.£Lart 1 and a 7.8 on Part Il, above the maleeBCentile.
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Appendix V: Que

Que interview. In a quiet classroom, 21-year old Que appearedanatfie. She answered all questions.
The interview lasted 52 minutes.

Que’s family home-schooled for academic and sptitaasons. Her mother thought it would be beketp
her home a little longer. Que narrated, “I wasfitst-born and my mom wasn't ready for me to leheee yet.”
Family unity and their children’s worldviews proeid motivation to continue. Que explained,

We just continued. . . . To foster a close-knitifgm . . My parents really wanted to be able bhage and

form our foundational beliefs and worldviews, iway that they didn't feel they could do if we were

spending eight hours of our day in a school setiimder the teaching of someone who might or mighte

a believer.”

She defined a believer as, “When | say believeoimtext, a believer in the Lord Jesus Christ, sareagho believes in
the orthodox Christian faith.”

Overall, Que loved her homeschooling years. Shadeure, clarifying, It's helpful for me to fetlat my
mom just sort of didn’'t want me to leave home yad we just kept going. . . . They did want to pdevthat safe
environment for us to grow up in especially whenwere young and very impressionable.

Que appreciated the flexibility and exposure téedént types of people; she affirmed,

I really, really loved the experience. It gave rome wonderful opportunities to grow in ways thdbh't

think | would have grown had | been surrounded &grpat a younger age. . . . gave me experience

interacting with people who believe very differéinings from very different backgrounds.”
Que likened her homeschooling to her college erpes, asserting,

Because | wasn't spending hours a day in a classgmiting going at a pace set by, partly by thegpee

around me and by a teacher, | really was . . .rigghdts of time to simply read and to really explor

intellectually and grow intellectually through ré=gl, listening to lectures. . . . The homeschoglezience |

had was much more like a college setting and @geltourse load. . .| was able to able to go tass©nce

or twice or sometimes three times a week, usuabewr twice. But, and then, spend the rest of aysd

really in independent study and research in readitich was for me, it really allowed me to flodris
Additionally, she took concurrent courses at allocéversity and classes at nearby resource cer@ers related, “My
senior year | took concurrent classes, classexasaurrent student at a local university. . . rolighout high school |
took classes at different resource centers.” Sfwyed her classes, except for math. She admitted,

It's ironic, because | really loved every acadestibject, apart from math, which is unfortunate. Bxiiow

it reflects the order of God'’s creation and it éuable as a discipline. | just have never redllgeen able to

wrap my mind around it easily at all. | forget @ry quickly. . . . I'm just not very good at it.”
She struggled with math related subjects, explginin

Physics was challenging for me. And again usingthé and the, you know the scientific conceptseweér

something that came as easily. . . . math wasd&imdy subject that you know, | worked hard at it A’s.
Yet, Que acknowledged a sense of accomplishmemt frastering concepts, indicating,

It wasn’t easy and it wasn’t my favorite subjecstady. But it was rewarding, once | learned théemal. . .

. When, you know the light dawned and | understibadid | could do the problems; that was satisfying

would say, more of a sense of fulfillment and $atigon.”

Que praised a participating family, without knowithgir involvement, saying,

[Jones] they are one family in the homeschool conityuthat we were in, just you know kind of ouiefid

group, something that made them really stand @yt ¢ot math. . . . who were four or three yearsdhe

their math curriculum. So that is something thatlye they're very bright and you know [mother] waery
well prepared to teach them high level math.
Que took challenging courses, using mostly Saxoriotum. Her transcript verified these courses hadvery good
grades, 93-97. She specified,

Algebra 1, Geometry, Algebra 2. . . . In"igrade | took, | was finishing up at home, withigdnometry

textbook. . . .We used Saxon from the time | way yeung. . . . Chalkdust for Geometry.

Que progressed from direct teaching to self-st&dye elaborated, “In elementary school my mom wgold
through the lessons with us on a daily basis aed tie would work the problems. She’d kind of leagdo do the
problems. And then we’d talk about i Que matured, she primarily taught herself, desug,

It was primarily self-instruction. . . . | had myath textbook; | would read the lesson. | would wibr&

problems. . . . By the time | got into middle schioigh school | would grade the lesson. . . . | sjiénd a lot

of time in independent study . . . somewhere batveeehour and 2 hours.

Her mother acted as a tutor and corrected Que’k.v@ue explained, If | was stuck and didn’t undamsk
the concepts my mom would explain them to me.She would check the math. And if | missed a lgprablems, she
would have me look at them and typically we woubdoyer them together.

Math work was stressful at times, with her moti@gue admitted,

Most of the hostile harsh interaction. . . . | thaimost all of that was over math. . . . But | Wbget

frustrated with her, often, if | couldn’t understha concept. And so then, she would try to exptaim me
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and | would get mad. You know, when, it wasn't fearlt. . . . As | got older, you know | realizetiat’s

wrong . . . that’s not ok to be frustrated and tamngry when I'm having trouble with the concepts. L do

remember math lessons taking me a very long time.
A classroom setting would have not worked any be8he reasoned,

I don't really think that | would have done betieischool. | think that because | was homeschoble

more time, probably spent more time on the matiblpros than | would have otherwise uh, in a clagsroo

setting. . . . | learn better by reading somettand really thinking about it, on my own. . . . Sthihk that
had | been in school, and only had limited amodtinee in the evenings to do homework. . . . | @bly
would have gotten lost easily.

Her homeschool experience prepared her for the &#llcollege math. She worked hard, describing,

Math is a subject that, I, if I'm given a text, agiden problems, | study it; | did the same thinghwBAT and

barely got a 600. But, you know, | worked to prepar. . | did a Kaplan course and took severattjma

tests. | used a Kaplan prep book and | had angttegr book. | think maybe it was the Princeton Bevil
worked through those. . . . So you know, becawkmit tend to do well on standardized tests atl afludied

a good hit, and learning the math tricks.

Her high school transcript verified her SAT matbrec(600).
Que mastered her college statistics class, deisjitisd concern. She remembered,

My first test and | actually got an 82. . . .I nehad gotten a B on a test before. | was very upsetAfter

that test, | studied a good deal for that coursesure | went to the professor, probably sperthaur in his

office each week if | didn’t understand something. By the final, | got a 99 on the final. Souyknow, that
was not because I'm so good at math; I'm definitedy. But | worked the problems and studied and then,

Lord was gracious in giving me stamina, when | diéeel like continuing to study the subject.

She felt well prepared because she learned hogatao,| affirming,

My homeschool experience prepared me well, initkaew how to study. . . . | had the tools that kmow,

that Dorothy Sayers talks about students not gesning facts, but learning how to learn. And | cidlly

learn how to learn as a homeschooler. And becdubaiol was able to do well on the math course.

Que agreed that mathematics was useful, senaitdieworthwhile. She recognized its value. She éxpth
“l do use math on a daily basis you know, not Haglel, complex math per se. But you know if you ‘dbave
confidence in using basic math, it is a handic&s.)part of God’s creation it made sense to hernshised, “It reflects
the order of God's creation . . . and it is valealaven if it's not your skill set.”

Both her parents modeled the importance of math nktgher trained and worked as a physical therapist
Que explained, “My mom you know went to medicall/lweu know to P.T. school and of course, took ahls. . . .
She was always good at math.” Her mother super@gsezls math, all done at home. Que conjectured,

I’'m going to speculate why we also did math at hphtlink it's because my mom. . .went to med sdhode a P.T. .
. . Her strengths are in the sciences and in math.

Impressed by her father's practical applicatiomath, Que relayed, “He is very handy. . . . Hettanlentertainment
center. . . . He had to measure all the wood,tdntall the right dimensions. . . . He uses basath with proficiency.”

Que wants to homeschool, stating, “If | do mamy &ave kids, and if | do homeschool that's whdtike.”

Que double-majors in English and Spanish at a semlth Carolina college, located 100 miles from her
home. Que belongs to Alpha Chi, an academic hoowety.

Que home educator survey.Que’s mother, the primary teacher, filled in thevsy after the interview.
There was little chance of discussion between thdunte and the educator about the questions. iotdi
contradiction existed with interview data.

The survey data confirmed the graduate’s intervigentical items included the student’s age, thiéng
information, the mathematics classes, and theaulain. The mother described the graduate’s expegigrith
homeschooling as, “positive”, her experience witithmn homeschooling as, “Reluctant had troublsgjrey
concepts. Needed to talk through problems”, ancbheparation for college mathematics courses asly‘Statistics
and made an A.” About instruction, she answere@u¥] had to have more individual attention workgmgblems.

The main reasons for homeschooling included acedand Christian character development. For thigaini
reason she wrote, “Not ready to have first chil/e2home for kindergarten.” She reported the caittinreason as,
“Best meets the intellectual and spiritual needsawh child.” These matched with Que’s answers.

Her mother played a significant role in Que’s madlucation. She described her involvement as, 4 mare
hands-on with this subject. | like math and sessitpuzzle working.” Both she and her husband edrcollege
degrees and completed math classes, answeringatf®\eoth college graduates and took required math.”

NAEP assessmentQueanswered seven of the NAEP assessment questiaestiprShe described her
work for nine questions and justified her methaatsall ten items. She missed items 8, 9, and 16ichS5%, 42% and
72%, of the test sample. Upon closer examinatidmeofwork, one of the incorrect problems (#8) rhet¢onceptual
understanding standard, while another (#9) meptbeedural fluency component. This would bring tee80% in both
categories, allowing her to satisfy those strands.

MSES scores Quescored 7.3 overall, a 7.2 on Part | and a 7.4 ahlP&ler total score ranked between the
female 80-90 percentiles (Table 10). Her motheataltscore was 7.9, Part | (8.1) and Part Il (7n®&iching the female
95 percentile. The father scored 7.6 overall, n4art 1 and 7.8 on Part I, above the male 80gn¢ite.
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Appendix W: Kim

Kim interview. Interviewed in her kitchen, with her mother sitticigse by, 18-year old Kim seemed
comfortable. The interview took place before Saayridinch. While her parents and brother quietly etbthroughout
the house, Kim answered all questions and offexéd @xplanation when prompted. The interview ldgt8 minutes.

Her family learned of homeschooling and its besdfiom family friends. Her mother saw the resuftd a
considered it a better option than the public sthtieey were zoned for and expensive private schdbi explained,

Mom found out about homeschooling and the benefits . .a better option than the public schoaittive

were zoned for. . . .We would have more opportasitd study things that were interesting and it\uculd

be a better environment. . .a better option tharptivate schools nearby cause they are reallyrexpe
Her family continued to homeschool based on thékfkty it afforded. Kim elaborated,

It's been the better option for me. Um, | thinkriie always been an opportunity for me, if | reallsgnted to

go to private school or public school but | justrid that this was the, the way that | learned aonéhe most

and there’s the most flexibility and most opporti@si and options of things that | wanted to study.
Kim positively described her homeschooling experéerShe confirmed, “In hindsight now, I'm reallyadithat | did it
[homeschooling] and | think it was a good decidimmour family.” Providing many learning experiescshe recalled,

When | was younger, we did a lot of curriculum sfieally at home. . . . As | got older we starteddo more

co-ops and things where we would go to class onteioe a week and meet with other families. L would

be with students my age and um, with a differemséqe teaching the class. . . . It helped me becoore
independent . . . and um helped me learn how to.lea. It was also a good way to get to knowskicho
were sort of similar to me in that they were horhesders. And so that was a good thing.

Kim enjoyed a theology class and her math, whisdildhg writing and biology. She recalled her theg)
class, “I really enjoyed taking theology last setees. . it was discussion based and . . . hdfrdnt people’s
opinions.” Kim discussed her math classes, “I &isjpyed my math class. | always was blessed wittdgeachers for
math”. Although she felt proficient at writing, sb&n’t enjoy it, revealing, “I feel like | have beme a relatively
proficient writer. I've never really enjoyed it asd that was always a struggle for me.” Biology wficult for her,
but she liked it a little better, informing, “Biadg was kind of tough too. But it was a little manéeresting than
writing so it was easier to pull through.”

Kim discussed her math classes and instructione®pkained,

| did take a pre-calculus and for those coursesngéy was sort of mixed in since we used Saxon. So

geometry and trigonometry was in that. Then laat y¢ook calculus. For most of it, we actually dsaxon

because we found that that was just, | don’t knme of the better textbooks to use. At one poietdid use

Teaching Textbooks, which was good. . . . Thenyaat for calculus . . .it was a college calculaskb
Kim recalled her early homeschool math instruct®e reported, “With elementary school, Um, it nesly just my
mom teaching me, mainly for math. And ah, so thatused Saxon and | don’'t remember that being mtiah o
struggle.” Kim also remembered conversations wihgarents that she labeled as “teachable momeatsilling,

My mom was always looking to find teachable momesizecially with math. And so, at the grocery stbre

we were going to buy something, you know, it wagagls a teachable moment. Like it's not really gdimg

be that; it's going to be more with tax. Or um,wihy first job, there was a lot to take into coesation

with taxes and filing taxes. . . .To write a cheitkyas always a teachable moment.

Kim progressed to taking math classes with othendsrhoolers. She detailed,

Starting middle school and through high schookas sort of set up like the co-ops. . . . They weainly in

like classes around like 10 students or lesd.would go like once a week. And um, the teacheuld@ive

us a seminar on like four lessons or somethingthiat and then by the next week we were expected to

those lessons. . . . That always worked really,vesibecially for Saxon, cause that's the way it setup.
Her mother still supervised her assessment. Kineingd, “The people that | was being taught by wirechnically
my teachers, my mom was my teacher; | was accolentalmer . . . taking the test | would give themher and she
would grade them”. Kim mastered the concepts withes help from Saxon DVDs and these tutors, revgalin

We always have the solutions manual so. . . . latds to check it. . . . With Saxon they have théDiB that

help you like work through the different problenmglaso sometimes | would use that. But more oftan th

not my tutors were always very accessible. So Iccemail them with any questions that | had.
The repetition from the Saxon curriculum greatliplee K. She claimed,

It was definitely helpful to get through the prablethat were harder and to see them over and gaén ao

that | could apply um, what | was learning. .t.was helpful just that things come up again arairag
She spent differing amounts of time on her matitjrgy, “When | was a lot younger, | remember itgeieally easy so
not much time commitment. But in high school, | sagybe like an hour or two at a time”.

Kim completed calculus with the help of a well-tified tutor. The tutor was Advanced Placement (AP)
certified and selected a college level textbookngiescribed,

Last year | took calculus and it was technicAly Calculus cause my tutor was able to get AP legdified

... My tutor thought it would be better. . .ta gequainted with a college textbook.

Her tutor met with her twice a week, Kim recalléd/hen | took calculus . . . it was actually a omeame situation
where my teacher taught me a section a week, amduim, another day of the week we would. . .troshleot. “
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Kim spent more time on calculus than she had aavipus math course, recounting, “With calculus, |
probably put in more time than | had in the past.Calculus was a big step from pre-calculus.itSeas a lot more
challenging and | needed to put in a lot more workhat; so, maybe a couple hours at a time.”

Kim felt well prepared for her college calculusicge. She elaborated,

This semester | took calculus again . . . | was abldo things faster and get through it a lot nsoneothly

than the first time and a lot more smoothly thaimink | would have if | had just jumped ahead te tiext

one. So, um | think that was a very good prepanatio
Kim experienced stress when she encountered auifioncept. She admitted,

The stress came in when there was something tkatly got stuck on. . . . I'm used to math coming

relatively like smoothly to me. . . . When | tooklculus, it was a big step up and it was a lot @ar8o, that

was a little bit more stressful. Um, but | was aolevork through it and so it turned out, it turrmd alright,
but I think that's when the stress kicked in whegdlly could not get something
She felt a sense of accomplishment, when mastdiffiqult concepts, remembering,

| wouldn’t say that math was easy for me but itwas possible and it like, things made sense andfum,

worked hard enough at it like | was able to getgsiand move forward. So that was always reallyardimg

for me when | would accomplish things that werelleinging.
In retrospect, she found math enjoyable. She aéfitm

Now | feel like it was more enjoyable. | don’t knafa would have told you that in the middle of But now

| can see the benefits and | can see now how mlgaried and how helpful it's all been.
Discussing her stellar SAT math subtest result®)A%erified by a College Board SAT report), skeexted,

I got a 730 on my SAT and | think that a lot oftthad to do with | actually worked with a lady wivas in

the SAT math tutor. . . . It was really helpful foe to work with her and understand the differardsgions

on the SAT, cause we studied like exactly what3A& is gonna ask
Kim recalled working with her brother on math preols. She remembered, “Since we got older if we wehl®me
alone together and he’s working on math and haseatpn. Then | do like to help him sometimes gfrfeeds it”".
Mathematics was useful, sensible, and worthwhilgl&ning its practical, sensible, and worthwhibgure, she stated,

Useful, even if you're not going to be a civil engér. Like | said with those teachable moments, dikthe

grocery store or with taxes. . . .And so, um, hkhthat we use it all the time and it makes thieasier and

quicker if you are proficient at it. . . . Theresis much that you can do with math. There’s so naatwances
that can be made in society using like math corscept would say yes, definitely worthwhile.

Both her parents worked in math-related fields: iether was a pharmacist. Kim clarified, “My mona's
pharmacist. And so she was a Bio-Chem major iregell Um, and so she is more science-focused areiglzelot of
math in that, obviously.” Her father worked asraficial planner. Kim explained, “My dad is actual§inancial
planner . . . more in the context of money andrfaes, obviously.

Currently, Kim majors in Civil Engineering in ar¢ge South Carolina university, 130 miles from hemie.

Kim home educator survey. The educator information came in two different fatsa The mother filled out
the first page and answered the remaining itentsallgr She provided insight into the reasons fmambkschooling,
established the interview report, and clarifieddifeerent math curricula.

The mother presented three main reasons for homekey. These included a better environment,
academics, and Christian influence. She wrote,téBettmosphere, academic freedom, and ability éoauGhristian
curriculum.” These reasons continued to motivagsrtithroughout their homeschooling years.

She verified the graduate’s account. Identicalrimition included the age of the student, the giplin
information, the years homeschooling, and the gatedsi least favorite subjects. She confirmed Kimath classes and
experience as, “It was varied and diverse, giviegahbroad education”, her experience with mattAdequate”, and
her preparation for college mathematics course&/asl] prepared, made an A in college level calsulu

The educator supplemented the graduate informétiote curricula for the early years and the fugage
of Teaching Textbooks. Before Saxon, they usedssat curriculum, Ray’'s Arithmetic. These smalldierck books
(resembling McGuffey's readers) provided practiégthwasic mathematical concepts. She reportedhieat was a lot
of personal interaction among K, her brother amdnttother throughout elementary school. K's mothemnifeed the use
of Teaching Textbooks for a brief time in middidsol. She wanted to try that program,; it soundeahising at a
curriculum fair. Disappointed, the mother switchéch back to Saxon after a few months. Kim contintedse Saxon
until calculus, when the math tutor suggested kegellevel text. The mother managed Kim’s homeslihg@rogram.

Mathematics knowledge was a “gateway” to betteatioas. She selected Kim's curriculum and provided
resources. The mother talked about her horribléregperience and wanted a better math educatidmefochildren.
She carefully researched options. As Kim progressieel enrolled Kim in a tutoring program with other
homeschooling students. This program differed feoco-op; the parents pay an outside tutor. Sheir@cha “fearless
tutor” to teach Kim calculus. She worked as a pleaist and the father had an MBA, working as a FiredrPlanner.

NAEP assessmentKim answered eight of the NAEP assessment questiorsctgr She described her
work and justified her methods for all ten itemsnparing her answers with the"lgrade sample taking the
assessment, 48% missed the first one and 55% nilssedcond.

MSES scores.Kim scored 8.3 overall, an 8.6 on Part | and a 7.9ahIP Her total score exceeded the
female 95 percentile (Table 10). Her mother’s tetare was 8.1, an 8.2 on Part | and a 7.9 onlRatso exceeding
the female 95 percentile. The father scored 6.8atly&.4 on Part | and 6.1 on Part Il, above ttaden60 percentile.
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Appendix X: Lea

Lea interview. After a full day of work, 23-year old Lea seemeaédi While her parents, grandmother, and
brother quietly moved throughout the house, Leavansd all questions and offered extra explanatibermprompted.
The interview lasted 58 minutes.

Her parents obeyed a calling from God to homeschidwy wanted to protect their children from woyldl
influence and promote family unity. She explain@dey felt like God was calling them to do it .to.nurture
relationships in the family and for them to be @ jpart of our lives . . . we could gain wisdom.”

They continued homeschooling, also for academadioen. Lea clarified,

I was able to pick which classes | wanted to takpecially in high school. Um, and was able to-de#ct a

lot of my classes. . . . So, that was helpful,rteson they continued. Um, so, | think basicalbyittitial

reasons. . . . Senior year | took a class at [conityjngollege] and one at [university]. And so | wade to
have the freedom to go to those. And | also didsga with other homeschoolers in the area . ferdift
opportunities like that, | wouldn’t been able topinblic school.

Lea described her socialization in her homeschegoérgence, detailing,

I um, was obviously at home and was except forglalasses with other homeschoolers, which wasyprett

frequent. . . . | did, was able to socialize wither homeschoolers and | also did soccer and glaation

with that.

She developed independence during her educatisertasg, “Some people envision homeschooling and yo
sitting in your room and your mother standing upooe side of the room and teaching you. But it avést of self-
directed work.” Lea learned how to find resourgasparing her for university. She elaborated,

| did a lot of figuring out of how to find resoussewhich | really think helped prepare me to gonéversity,

because | wasn’t dependent on the professor tmtekxactly what | needed to do or exactly explain

everything to me. . . . | was used to finding thevaers. Not having it all spelled out for me.
Lea enjoyed many different subjects. She desctifeechumanities class, recalling,

There was a class that we took . . . The humantistory, there was some art folded in. Um, | gafbthat. .

. .That was a class that a homeschool mom taught udiked the social aspect of that becausad with

my friends.

Lea liked some math classes, relating, “I actuétigd math. Well, | liked algebra because . .oms tests and
problems were easy for me.” Her favorite classudet anatomy and physiology; she remembered, “Moriee, |
think that actually even trumping that would be uitmok Anatomy and Physiology my senior year ainficnunity
college]. . . . But | really enjoyed that.” She @ygd her Spanish courses, recounting, “| endedinpnng in Spanish.
... 1 took 4 years of high school level Spanish.| loved learning a language.” She didn’t likévanced Math; she
recalled,

| took Advanced Math with Saxon . . . | didn’t rgdike it that much. Um, because | had a hard time

understanding all of it. . . .l realized when | gptto Advanced Math that | had just been memagitiow to
do a problem

. ... Pre-calc things | struggled more. | algo, it was harder for me to understand the readaryqf
Saxon.

Lea finally found a resource that helped her wittgalculus, reporting, “My last year with Math get this CD
called the DIVE CD and that’'s what helped me tredoersly, because | am more of a visual person aridesplained
on the automated chalkboard”.

Overall, Lea had a good homeschool math experiestoe asserted, “I had a very good foundation.” Her
family used Bob Jones and Saxon curricula. Shenmdd, “We did Bob Jones through grade three. Theiiched to
Saxon from then on”. Both parents participated. tezmllected, “My dad is good in math and was tleénmone who
helped us especially later on. My mom, um, wasipigft at math and helped us early on”. Lea pragdgo Saxon
and self-study. She reported, “ Saxon grade 4 andm, was harder, and took more effort to seléttea. . | would
read the lesson and then, um, would do the probldmea’s father acted as a tutor and test mon&bie related,

| corrected my work to my regular lessons and ng/wauld correct my tests. . . . | would do a lesand

correct myself . . . | would try to figure out wHalid wrong and most of the time, | could figut®ut. If |

couldn’t. . . ask my dad.
Her high school transcript verified all As in Algebl through Advanced Math. Math continued througttoe year,
sometimes dragging on. However, it allowed for iftdity with her other studies. She recounted,

We always had to math in the summer because imas self-directed and it was always the thing gan

do it tomorrow; you can do it later. . . . It wagtflexible subject. . . . It was a little of theedded subject

because | had to do it in the summer. . . . In seangs it was the subject that never ended. . t tiBan, you
can't do everything. So, | was able to focus morehe other subjects during the year, which waatgre
cause | learned a lot from them.
Finishing the book was important; her dad madegalbal of that. Lea relayed, “My dad is very extitehen we
finished a math book . . . He would be so excited twhen we finished the math book that he would ieadstand in
the kitchen on the hard floor.”
She appreciated the flexibility in pacing and omesne attention, reminiscing,
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It was good, in that | could fly through the sttifat was easy for me . . . | could take a littlerentime for the
things that were hard . . . | did get some one-o@with my dad when | just couldn’t understand. I. could
work at my own pace.
She wished that she had found the DIVE disc eari@nembering, “| wish | had the DIVE CD earlierchase I'm a
more visual learner; it is more visual”.

Lea performed well in math testing and college. &twed 610 on the math SAT subtest, which wadieeri
by her College Board SAT report, and passed a GeEffor her college math. She remembered her SA@, jstating,
“Used a SAT study . . . maybe 10 hours studying.|. would go read the different teaching sectiand then | would
do practice tests. And also had a daily email withquestion prepared.” She fulfilled her collegatmrequirement
with the CLEP test explaining, “l took the CLEPtt&s college math. She felt well prepared for wmsity, stating, I
took a statistics class. . . . | felt very preparednursing math . . . it was easy.”

To Lea, mathematics was useful, sensible, and whith. She used math in nursing, maintaining, “It
definitely helps with calculating medications and,u will be using it a lot in reading researchi@ess for school”.
Math made sense; she stated, “Simple math, algkles make sense to me.” Math knowledge made tedabé to
others; she specified, “I don’t think everyone t@atearn calculus or even pre-calc. But um, bt good way, whether
it's actually used or not to be relatable to peopleso I'm at least relatable in médth.

Both parents valued good mathematical skills. Télgained Bachelor's degrees in Chemical Engingerin
and Nursing. Lea detailed, “My dad is a chemicaieeer with a Bachelor's degree and my mom is/waegsstered
nurse with a Bachelor’s degree. Neither of themeatertified teacher.” She saw a godly work eteiglaining, “I feel
like my parents, especially my mom, like she replly into us a good work ethic that she got fromgeents. Um, of
whatever you do, do it with all your heart unto thoed”.

Currently, Lea works as a registered nurse, inspital. She has passed her state boards withhioigbrs.
Volunteering at a non-profit clinic, she interpréis Hispanics, while providing nursing assistanseher hospital, she
has recently received an award for outstandingpifiormance. She has just started graduate sahooufsing.

Lea home educator survey.Notably, Lea’s father filled out the survey. He gayeneral information about
the family’s homeschool. Although he centered irhenyounger brother, Don, much of the survey gleglievidence
to confirm Lea’s answers. His responses also supgiéed some math curriculum and instruction infaroma

The survey data confirmed much of Lea’s intervieentical items included the age of the studdm, t
sibling information, and the curricula names, Bohek and Saxon. All mathematics classes were nmeatid’ he
father reported, “Dad gave math/science assignnudtes reading textbooks & testing.”

Christian education provided the motivation fonfeschooling. He wrote, “To instill God-fearing/resfing
values in our children and teach them well. HegmHtove & bring glory to the almighty God”. Theyntmued for the
same reasons.

Her father provided detail about the math curaciristruction, and experiences. He confirmed the
curriculum, “Saxon Algebra, Algebra Il, Advanced tila- proctored by Dad. . . . We used Bob Jonebtekt
curriculum thru ¥ grade (taught by [mom]) and then switched to Sgxamght by [dad]).” He described,

Early math lessons were done one-on-one. For &babn [Lea] read the book + did the lessons. Early

grades | corrected the homework & then [she] thaktests. | went over concepts [she] missed .athMias

more self-study with one-to-one tutoring from max&n had a DVD that DIVE produced to help explaia t

concepts—we didn’t realize it was available ‘tibtiate.

The mother taught Lea in the earlier years andatier tutored in the later. The father used maityd
writing, “l use algebra concepts every day.” Yeathey attended homeschool conferences. He repdiéiwent to
Virginia HEAV (homeschool state organization) coefeces each year to learn about resources thatawveilable.”

NAEP assessment. Leanswered all of the NAEP assessment questionsotigrr8he described her work
and justified her methods for all ten items.

MSES scores. Leacored 6.8 overall, a 6.3 on Part | and a 7.4 ehlPaanking at the female 80 percentile
(Table 10). Her mother’s total score was 6.7, @&o8.Part | and a 5.3 on Part Il, placing betwéenfémale 70-80
percentiles. The father scored 8.1 overall, aro8.8art 1 and a 7.6 on Part Il, at the male 90gueite.
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Appendix Y: Don

Don interview. After a day of university classes, 20-year old Beamed very comfortable. While his
family quietly moved throughout the house, Don ar®a all questions and offered extra explanatioanyirompted.
The interview lasted 45 minutes.

His parents wanted to instill godly values, promgtthe fear of the Lord and encourage family unityey
wanted to spend time with their children. Don dled,

They wanted to have time with us, as well as bagdn godly values into our lives, through justirgcting

with us as we were growing up and learning things teaching us how to grow up in the fear of thedLo
This situation worked well for them and they congd. According to Don,

It seemed to go well and my mom could put up witsufficiently enough. Um, to a certain extent thay

us do classes outside for history or other thihg$ weren't a specialty. But, Dad was good withhreid

science. . . . He would do that for us. Uh, so iitées and they just could keep up with it.

Don progressed from direct teaching to self-stlithrly on he worked with his mother, explaining,
“Generally Mom would teach in elementary school;iMaould teach a lot and then um, there would bd kinone-
on-one for a certain amount”. Gaining more indegere in middle and high school, he remembered,

Into middle school, it kinda got more where | codwimy own stuff . . . In high school it got, itoably got

even more by myself. . . . | could always ask felphBut, normally it got more and more by myself.

Don completed his work quickly, revealing, “I'd tty do it as quickly as possible so | could gefihe before lunch,
was normally my goal . . . go outside and play.ld play a lot of soccer.” Math was completechatne; he clarified,

I wouldn’t correct my own work in other classes. Took some literature, English classes. . .eifTh

redeeming quality was being with people.

Don and his sister took some math classes togédtleeenjoyed them recalling, “I generally followddrag with [L],
who is 2 %2 years older than me. So, it was goirth her curriculum, though, starting with middle soh | think. And,
| enjoyed it.

Don preferred math and science to writing. Desoghiis favorites, he responded, math and sciermce, n

doubt. Uh, probably science more interested! just get math. That's how my brain works. It cavery

easily to me. Just deduction and | don’t have &tlyenemorize anything. | just, if | just see havg worked
once, then | can, then it's logical to me and | wank it again.
Yet, he revealed a couple of exceptions, disclgsingjdn’t enjoy biology and anatomy and physiojodpecause they
were a lot more memorization than deduction.Pre-calculus is the most dull math of all. It geteresting again . . .
at calculus.”
He also took several high level science classeaijlisig, “[In] high school | did chem, advanced amgphysics,
advanced physics.” Although he performed well witfiting, Don didn’t enjoy its elements, stating kéast favorite
subjects were, “I can write. | don’t necessariljogrdoing it. But, | can do it. It's not terriblédidn’t really have a
problem with it. | just never liked diagramming semces and | never was very good at spelling.” Pety enjoyed
reading, revealing, “I'm a pretty good reader,da. | can read quickly and still understand it.,ldmit went well.”

Except for K-3 and his senior years, Don used Saxath textbooks for his math classes. His higlostch
transcript verified B’s in Algebra 1 through AdvacMath and As in Calculus 1 and 2. He had trotdsteembering
some curriculum names, reporting,

I think it was ABeka grades 1-3. . .. A white bawikh a big letter 1 and a big letter 2 and a leiger 3 on

the first, second and third grade books. . . . 8atarting with & grade all the way through.
He remembered the benefits of persevering with Sasazounting,

Then | switched to Saxon 5/4 . . . 6/5, and | thimkre was a Pre-Algebra and then Algebra 1, Amehiand

then. . .. Pre-Calc, um, and that's when | hitAldeanced Math. . . .Saxon really taught it welt pau really

had to read that stuff a couple times. Didn't ekpltin a very clear way but it was all in thetém, so you

could get it if you were determined to do it. It did a good job at mixing up the problems. You'd get

problems that you'd been taught 40 lessons ago.séngu couldn’t forget it and that was good
Teaching himself greatly benefited Don in his uréity math classes. He considered,

I'm a math minor. Um, | would say, having to teanfiself was actually a good thing in a way. Eveh if

didn’t teach myself as well as maybe | should h&tg.you learn how to learn and that's can be wehite

more than learning knowledge. If you know how tarteyou can push yourself to learn on your own.

Verified by a College Board SAT report, Don scovegll on the SAT math subtest (710). He attributeat t
to his test taking skills, explaining, “I checked snswers quite a bit. | could do it quickly”. Hepdained his minimal
preparation for the SAT math subtest, admittingydt the SAT question a day and it was for 6 mob#fsre | took
the SAT. That's all | did”.

Senior year, he worked harder on his class at cartyncollege, revealing,

And then | did calculus at community college. | just didn't really want to make mistakes, caussl when

I'm actually getting graded for something outsidé¢h@ house, then it got to be a bigger deal tolme, and

so, | put more pressure on myself and | ended iqmgbeore thorough just cause | wanted to get hitrig

cause there’s actually a grade that | could snmelltaste and feel.
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He relished being taught by an energetic and paatédeacher, explaining,

That was a luxury that they would actually expleirerything to you. . . . | wasn’t used to that. Once

somebody spelled it out for me, | didn’t have angiybems reworking or doing the math that way. Utnadl

a really good teacher at the community collegewis very excited; he was very bubbly and excitemliab

his math. It was kind of humorous as well. He fissscribed it well.

Yet, it took longer to get through the materiahiclassroom; Don acknowledging, “I wouldn’t havkaia that long if it
was one-on-one or just me reading the same matBeahuse you're teaching 30 people and you hage ®little bit
slower.”

Although Don enjoyed being taught, he ultimatelyramvledged that he probably wouldn’t change hi sel
study experience, recognizing,

I think it was great. Um, | think maybe, maybe ttvid have been good to do pre-calc with a teadherit

all worked out. Uh, | think learning how to teaclhtimto yourself | think that worked for me. . ‘mlhappy

with it.

Don agreed that mathematics was useful, sensiidewarthwhile. Math applied to his engineering majo
and the way he approached decisions; he discussed,

In engineering school, it's in everything. Mathrishow | think through, like think through pros acadns of

things, how I'm spending my money or whatever, jugh math and | think I'm, | put a lot more thoughto

things that may not need extra thought, like mdikeethinking through what am | sacrificing withettvalue
of my time if I'm doing this instead of this.
Mathematics made sense to him and Don elaborafédt™s why | enjoy it and it comes easily to medugse | can
follow it and | can reproduce it. But | don't likdoing things that I'm just memorizing process”. Bxane needed to
take algebra, and he affirmed, “Through algebra, yse that a lot in life. . . . It's worth pushitigough algebra”.

His parents valued mathematics. They both earrigathelor's degree that involved some level of
mathematical training. His father worked as a CleairiEngineer and his mother trained as a nurse.€plained,
“Dad is a Chemical Engineer. . . . He would say thath is critical. . . . Mom was a nurse, so seart. His father
pushed him to excellence and his mother encouragedhn his ability. Don reflected,

Dad was pushing me a lot when | was in high scHabink he was trying to get me to use more papet

be thorough. What he kept on telling me was [Das]you’re doing your math right now | wouldn’t waat

drive on a bridge that you built. | want to helpuyso that you do things right, so that | would dron a

bridge that you built. . . . Mom didn’t expressrips about pushing me in math as much. But she'dhsags

like oh you do great at math. She’d recognize i eancourage me in it, but it wasn't like she wasassarily
pushing me. She would realize that | was doing aetl would encourage that in me.

At a nearby Virginia university, Don majors in Chieal Engineering, with a Math minor. He has worle¢d
an engineering firm this summer. Prior to hisiviw, his mother and grandmother told me Don ehand.0 last
semester.

Don home educator survey.Don'’s father filled out the survey. It gave eviderio verify Don’s answers.
His responses also supplemented instruction infooma

Identical items that were identical included tige af the student, the sibling information, and $la&on
curriculum. All mathematics classes were mentiomalclarified the use of Bob Jones curriculum fei3Kwhich Don
was not sure about. The father reported, “Dad gaath/science assignments often reading textbootes®ng.”

They home-schooled for Christian training. Théadatwrote, “To instill God-fearing/respecting vadua our
children and teach them well. Help them love & brgtory to the almighty God.” The family continutadhomeschool
for the same reasons.

Don’s father provided detail about the math culécinstruction, and experiences. He confirmed th
curriculum, “Saxon Algebra, Algebra Il, Advanced tiia- proctored by Dad. . . . We used Bob Joneb ok
curriculum thru & grade (taught by [mom]) and then switched to Sgtamght by [dad]).” He described the
instruction,

Early math lessons were done one-on-one. For &babn [D] read the book + did the lessons. Eaidglgs

| corrected the homework & then he took the tdstgent over concepts he missed with him. . . . Ma#s

more self-study with one-to-one tutoring from med)

Don was well prepared for college. The father eréfDon] had an adequate math training from theoBa
curriculum & learned well by reading.” According hés father, Don was, “very well prepared” for egé and scored
well on the SAT math subtest because, “he hadwalaptitude & interest in math & sciences.”

Both parents participated in Don’s education. Thethr taught early on and the father tutored indber.
The father used math, daily, writing, “I use algeboncepts every day.” Yearly, they attended thgikia homeschool
state organization conferences. The father inforf\é went to Virginia HEAV (homeschool state orgaation)
conferences each year to learn about resourcewénatavailable.”

NAEP assessment. Doanswered eight of the NAEP assessment questiorsctgr He described his work
and justified his methods for all ten items. Conimpguhis incorrect answers with the1grade sample taking the
assessment, 40% missed both.

MSES scores. Dorscored 8.3 overall, 8.1 on Part | and 8.6 on RaHis total score fell between the male
90-95 percentiles (Table 10). His mother total sawas 6.7, 8.0 on Part | and 5.3 on Part Il, betvibe female 70-80
percentiles. The father scored 8.1 overall, 8.@art 1 and 7.6 on Part Il, at the male 90 peraentil
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Appendix Z: Graduate and Educator References to Mr Between Case Themes

Graduate Interview References

N|C|S |[E|O|T |R |W/|M[A[H|B|Q|K|L |[D
THEMES in the Between Case Analysis Z |a g la Ia 3 g z : : |a ﬁ g lm g g
| |
Attitudes:
Faith: Christian values, education as homeschooling motivation X X| X| X | X X| X| X| X X | X
STEM (1= 1 parent, 2= both parents, * = graduate) 21212 (2|22 [2 |1 [t|t1]2]1[1]2]2 |2
Well prepared (+) Fairly well prepared (x) |+ |+ +l+ [+ [ x [+ +] x| +][+]+ |+
Productive disposition (H — high, M — moderate, L - low) H M/M |H/H/H|H]|L [MH/HL|MHMI|H
Stress with math X[ X|x [x X | X X X| X| x| X
Sense of accomplishment X X X | x| x
Math ability (N - natural, H — have to work hard to understand) HI|N{H |H/ NN |N [N [H[N/HN[H H N[N
Instructional Practices:
Direct teaching XUxIx [x{xIx [ x [ x [ x[x|x|x|x|x|x |x
Self-study or self-directed learning XExIx x| x{x [x [ x [ x| x[x|x|x]|x|x |x
Mastery learning XX x [xIxIx [ x [ x [ x[x|x|x|x|x|x |Xx
Saxon curriculum X[ X[ x [ x]|Xx X | X XX x[ x| x | X
Chalkdust curriculum X X | x
Flexible X X [ XXX [ X | X [ X[ X]|X X[ XX | X
Relationships:
Working with siblings X[ x| x X [ X]X X | X
Father as tutor X X | x X [ X| X X | X
Physical locations:
All math at home X | x X | X X X
Outside math classes with homeschoolers X X | x X
Community college or university dual enrollment classes X| x| X X | X X| X | X X
Educator Survey References
N |C|[S|E|O|T R |W/|M|{A|HBlQ|K|L D
THEMES in the Between Case Analysis 3 Ia g la Ia 3 g : : : |a ﬁ g lm Z g
| |
Attitudes:
Faith: Christian values, education as homeschooling motivation XOlx x| x x| x | x [ x | x|[x|[x|x|[x|[x]|x |x
STEM education vocation (1= 1 parent, 2= both parents, * = 2 (2|21 (1]2 (2 |1 [1]1]2 212 |2
graduate) * * * * * * *
Well prepared (+) Adequate (x) Not well prepared (-) + [+ 4]+ + [+ [ x [ +[+]+ x| + +
Productive disposition X | X X X I x [ x | x|x|x|x|x]|x X
Stress with math X X | x| X
Sense of accomplishment X[ x| x | x |x X | x X
Math abilitiy (N — natural, H — have to work hard to understand) X N[N[N|N N N[H[N[|H N
Instructional Practices:
Direct teaching X [ X[ x| x| Xx[x [Xx X X | X
Self-study or self-directed learning (independence) X [ X[ x| x| x[x [x X | x X | x
Mastery learning X [ XX X[ X[ X [ x [ x [ x|x[xX]|x|x][x|x |Xx
Saxon curriculum (Y - yes, N —no) Y [YIY[Y[Y[N[NJY YN Y[Y|Y[Y]Y |Y
Chalkdust curriculum X | x X | x X
Flexible X X X
Relationships:
Working with siblings XXX | x [ x | x]|x
Father as tutor X X | x X [ X| X X | X
Physical locations:
All math at home X | x X | X
Outside math classes with homeschoolers X X
Community college or university dual enrollment classes X X | X X[ x]x X
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