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Abstract

This study describes the attributes of a highly accomplished mathematics teacher as
reported by the students in their class, and also determines whether high school students

can differentiate between highly accomplished mathematics teachers and others.

The 51-item instrument, Students Evaluating Accomplished Teaching — Mathematics,
was developed to map the construct of highly accomplished teaching as articulated by
the National Board for Professional Teaching Standards in their Adolescent and Young
Adulthood Mathematics Standards. Two focus groups of New Zealand high school
mathematics teachers reviewed these Standards, and found that there were more
similarities than differences between the Standards and what they would expect of a
highly accomplished teacher in New Zealand. Questionnaire items were drafted relating
to each of 470 statements in the Standards. These items were trialled in New Zealand
high schools, and analysed using factor analysis and item response theory, to select
items that completely mapped the Standards. The questionnaire was then administered
to 1611 students in the classes of thirty-two National Board Certified Teachers and

twenty-six non-Board colleagues in 13 states of the USA.

Multivariate analysis of variance and discriminant function analysis were used to
establish that students can record and report the difference between NBCTs and their
non-Board certified colleagues, and describe what students believe are the attributes of
a good teacher. Highly accomplished teachers build a relationship between their
students and the mathematics curriculum, as well as with the language and processes of
mathematics, by engaging their minds with challenging material and rich tasks. These
results provide further validation of the NBPTS certification process, and indicate that
students provide dependable evaluations of their teachers. The student evaluation
questionnaire could be used with confidence in both the USA and New Zealand to

identify highly accomplished mathematics teachers.

i



Acknowledgements

This research was only possible through the involvement of a large cast of students,
teachers and principals, who willingly gave their time and energy to make it possible.
There were no direct, tangible benefits for them yet they were prepared to contribute
their thoughts and concerns to further this project. To them I express my sincere thanks
for their assistance, often at what seemed like the most difficult time in the annual cycle

of school life.

It is the student voice that is at the heart of this research. Over 2500 students (1640 in
the USA and 899 in New Zealand) participated in this research, often ‘volunteered’ by
their teacher to act as unwitting reporters of their teacher’s strengths and foibles. In this
research, they have clearly indicated what they like about their teachers, and what they
do not. The good news is that their best ratings help to dispel the myth that high school
students can be “bought” by a charismatic teacher who ignores the real job of the
teacher — to engage students with the curriculum, and challenge them to strive for the
best. Thank you for helping to make this clear. High school students are not very
familiar with this role in teacher evaluation, but they seemed to approach their role with
due consideration. As always, working with these young people has strengthened my

optimism about the future that will eventually be in their hands.

The 116 teachers have been the key people in this research, but their role has been
greater than just providing access to their classes. Many teachers feel threatened at the
thought of being judged by their students, and then to find out what their class thinks
about them, but these teachers welcomed this opportunity and opened the doors that
made this possible — the classroom doors, as well as the doors to their minds and hearts.
In addition, they provided helpful input into the project. Without this receptiveness as

well as the cooperation of their principals, this research would never have been possible.

i1



Professor John Hattie has been an incredible tower of inspiration and strength. He has
introduced me to the wonders of Item Response Theory and the National Board for
Professional Teaching Standards, and shepherded me through the many ups and downs
of postgraduate research. The lengthy gestation has been very trying, and his unfailing
patience has been greatly appreciated. All the while, John has provided invaluable
advice to keep this research pointing in the right direction. Dr Richard Hamilton has
also provided wise counsel as this journey drew to a close. Dr Gavin Brown has helped
to keep me on task over the past year while I have been working on Project asTTle. The
teams in the Research Centre for Interventions in Teaching and Learning (RCITL), and
Project asTTle at the University of Auckland have been very supportive and
encouraging, providing a sounding board by listening attentively and responding

appropriately.

The final word of thanks goes to my long-suffering family. They have had to live with
the longer than expected time it has taken to bring this to fruition, and the time that has
not been shared with them. In spite of this, they have continued to share their love,
support and encouragement to see me through to completion. No doubt they will be as

pleased as I now that this project can finally be “put to bed”.

This has been an awesome journey, with many twists and turns - I am hugely indebted

to all who have made this journey so fulfilling that it has come alive in my mind.

v



Table of Contents

Consent FOrm....... s i
ADStract ... ——— i
Acknowledgements .........ccccoimiiiiiininrcn s iii
List of Tables.........cooovimriiiiii ix
List of Figures ... xi
Chapter One: Introduction ......c...ccoorveeciiiirieccccneeeeeee, 1
Chapter Two: Literature Review .......ccccccovrrrrmniiirrneene. 6

Section One. Highly accomplished teaching and the
National Board for Professional Teaching Standards... 6

The notion of good teaching 6
Professionalism 8

Professional Teaching Standards and The National
Board for Professional Teaching Standards (NBPTS)

12

Do Board Certified Teachers make a difference? 25

The NBPTS and its critics 27

Summary 36
Section Two. Student Evaluations of Teaching

Performance ........cccccoiciiieeemmnssere 37

Teacher evaluation 37

Teacher evaluation models 38

Student conceptions of teaching 43

The SET literature..........ccccevvemmmimmmmmmmmimneennneneeeeeeseeeseenen 46

High school studies of SETs 48

Arguments for and against SETs 54

Validity 57

Possible contaminants 65

Issues related to course variables 66

Issues related to student variables (student presage) 68

Issues related to teacher variables (teacher presage) 70



Issues related to instrument variables 78

Issues related to administration and purpose variables

79
Dimensionality 81
Concluding comments on SETs 83
Chapter Three: Study One.......ccccceeeeeeecceirneeerreennees 84
Membership selection............cccoiirciiici i, 86
Conduct of the focus groups ........ccceevvviviiiiinrcenceeceeenn, 87
Data analysis .....cccccoiimmmmiiiirnicr e e 89
Research questions ... 90
Results and discussion .........cccciiiiiiii, 92
Acceptability of the Standards 92
Modifications to the Standards 106
Concluding Statement 109
Chapter Four: Study TWO ... 111
Instrument development............coomriiiiiricccc e 111
Trial One....eeeeeeeeeeeeeeee e 119
Setting ..cooveeee e ——— 119
ANAlYSIS....ee i ———————— 121
Classical Test Theory and Factor Analysis 122

Item Response Theory item selection and test
construction 124
Item Information 130
RESUIES .. 132
Form A.... 132
Descriptive statistics 132
Factor analysis 133
Item Response Theory 133
Item selection from Form A 146
FOrmB.....oo 147
Descriptive statistics 147
Factor analysis 147
Item Response Theory 148
Item selection from Form B 158
FOrm C....rrr s 159

vi



Descriptive statistics 159

Factor analysis 165
Item Response Theory 166
Item selection from Form C 166

Questionnaire assembly for the November

Lo [RT=X-3 1 To] o] 4 F- 1 o =Y 174
Trial TWO..ooeiiiir s 176
Form November ..o 176
Descriptive statistics 177
Factor analysis 178

Item Response Theory 188

Form Technology ... 188
Refinement of Technology Items 188
Descriptive statistics 191
Factor analysis 192

Item Response Theory 196

Item selection from Study Two for SEAT-M............... 196
Wording and Content analysis of assembled items 199
DiSCUSSION ....ceemiiiiiiiiinrr s 206
Chapter Five: Study Three .......cccmrieeecciiiiiiiiiinnees 209
Procedure...........coiiiiiiiimmnnna 209
SUDbJECES ..o —————— 212
Student participants. 213
Instrument/Materials ... 214
ReSUILS ... 214
Data processing and analysis 214

Multivariate analysis of variance (MANOVA) 223

Discriminant Function Analysis 224

(D 1T oW E=1= 1 oY N 230
Chapter Six: Conclusion and Discussion............... 235
IMplications ... 241
Future research ... 243
References........ e 245
ApPPENdiCeS.....cceueiiiiirieiir e 269

vil



Student Questionnaire FOrm A ... 270

Student Questionnaire Form B ............ccccoiiiiiiiiiiinnnn, 274
Student Questionnaire Form C ..., 278
Student Questionnaire Form November..................... 282
Student Questionnaire Form Technology.................. 286

Students Evaluating Accomplished Teaching -
Mathematics.........cccooiiiiiimmmi s 287

viil



List of Tables

Table 1 Overall rating and mean coefficient correlations for teachers and courses....... 65
Table 2 Applicability of Standards classified by number and percent of participants

ANd ANALYSEA UNTES ....eovviiiiiiiiieeii ettt ettt te e s e ebeessaeenseesene e 92
Table 3 Sample of paragraph from Standards and drafted statements ..............c.......... 112
Table 4 Example of the synthesis of Standards statements to items for trial ............... 114
Table 5 School Descriptives for Trial One ..........coceeeeveriinienienicniceneeeeeeeeeeee 120
Table 6 Participant Descriptives for Trial One...........cccoeevvevievciieniiecieenieceeee e 121
Table 7 Descriptive Statistics for FOrm A ........ccccociiiiiiiiiniiiicceeeeeeceee 134
Table 8 Summary of Items and Factor Loadings for Oblimin Five-Factor solution

FOr FOIM A Lottt 140
Table 9 Classical Test Theory and Item Response Theory Item Statistics for 64

FOrm A TEEIMS ..ot 144
Table 10 Factor loadings and IRT parameters for 24 items selected from Form A ....146
Table 11 Descriptive Statistics for Form B ..........cccoiiiiiiiiiiiieee e 149
Table 12 Summary of Items and Factor Loadings for Oblimin Three-Factor

solution for FOrm B......c..cooiiiiiiiiiee e 153
Table 13 Classical Test Theory and Item Response Theory Item Statistics for

63 FOrm B ITEmMS ....cooiiiiiiiiiciceeeeeee e 156
Table 14 Factor loadings and IRT parameters for 20 items selected from Form B ....158
Table 15 Descriptive Statistics for Form C ..........ccooovieeiiiiiiiiecieeeeee e 160
Table 16 Summary of Items and Factor Loadings for Oblimin Five-Factor solution

FOr FOIM € .ottt 167
Table 17 Classical Test Theory and Item Response Theory Item Statistics for

67 FOrm C IEOIMS ..ottt s 171
Table 18 Factor loadings and IRT parameters for 21 items selected from Form C ....173
Table 19 Wording amendments made to items selected for November Form ............ 175
Table 20 School Descriptives for Trial TWO ........ccceveriieiiiiiieiiieiecieee e 176
Table 21 Participant Descriptives for Trial TWo ......ccoevvieeiiieeiiiieieeeeeeee e 177
Table 22 Descriptive Statistics for Form November ..........c.ccocceeciniininiiniinenienene 179
Table 23 Summary of Items and Factor Loadings for Oblimin Five-Factor solution

for FOrm NOVEMDET ......cc.oouiiiiiiiiiiicieieneeeceee e 184
Table 24 Classical Test Theory and Item Response Theory Item Statistics for

66 Form November IteMS .........ccooiriiiiiiiiiiiiieseeeeeceneee e 189
Table 25 School Descriptives for Technology Trial..........cccceeeeiieiiiiiiiiiiieeeee e 191
Table 26 Participant Descriptives for Technology Trial ..........ccocevviviiniininiinienenne 191
Table 27 Descriptive Statistics for Form Technology .........c.cccccvveviiieiciiiiniiieieee, 193
Table 28 Summary of Items and Factor Loadings for Oblimin Three-Factor

solution for Form Technology .........ccccooviiiiiiiiiiiiciieeeeeeee e 194
Table 29 Classical Test Theory and Item Response Theory Item Statistics for

14 Form Technology Items.........c..ceeviiiiiiiiieeieecie et 195
Table 30 Factor loadings and IRT parameters for 50 items selected from November

FOTIN ...ttt 197

1X



Table 31 Final set of items for SEAT-M, their development history, and origins

1N the StANAArdS. ....coveiiiiiii e e 200
Table 32 Descriptive statistics for National Board Certified Teachers (NBCT)

and non-National Board Certified Teachers (non-NBCT) .........ccccceevviiviiiecienns 212
Table 33 Item Statistics for National Board Certified Teachers (NBCT) and non-

National Board Certified Teachers (non-NBCT)........cccccoovieeiiiiciiiieciieeeieeee 215
Table 34 Summary of Items and Factor Loadings for Oblimin Five-Factor solution

fOr FOIM SEAT-IM ...ttt ettt ettt st e e e 220
Table 35 One-way analyses of variance for effects of National Board Certification

status on five SEAT-M facCtors ........c.ccevviiiiiieiiiieecie et 224

Table 36 Classification Analysis for NBCT status (51 items, 852 full-data cases).....225
Table 37 Structure Matrix of pooled within-groups correlations between 51

SEAT-M items and the standardised canonical discriminant function................. 226
Table 38 Eigenvalues, Canonical correlation, Wilks” Lambda and chi-square for

discriminant analysis of SEAT-M five factors .........ccccceevvieviieniieiieniieieeeieeiens 229
Table 39 Box’s M statistics for five SEAT-M factors........ccceeeevveeviieecciee e 229
Table 40 Classification summary for NBCT status (5 factors) .......cccceeveevverveeneenee. 230
Table 41 Structure Matrix of pooled within-groups correlations between 5

SEAT-M factors and the standardised canonical discriminant function. ............. 230



List of Figures

Figure 1 Item Characteristic Curves for an item with ideal characteristics,

TEEIM NN37 ettt ettt et et 129
Figure 2 Item Characteristic Curves for an item with poor characteristics,

TEEIIN DO ..ttt 130
Figure 3 Item Information Curve for low information item, A36 .........cccceevevereenncnne 131
Figure 4 Item Information Curve for high information item, A34 .........ccccocvevinienens 131
Figure 5 Item characteristic curves for an item with random responses,

TEEM INOT ..ttt ettt et e et e 206

X1



