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APPENDIX 2-A

Descriptive Statistics of Student Demographics

Table 2-A.1
Descriptive Statistics of Student Demographics, Cohort 1

Cohort 1

Grade

3 4 5

Mean Age (years) 8.7 9.7 10.7

Minority

African-American 4% 4% 4%

Asian 1% 1% 1%

Hispanic 43% 44% 44%

Other 6% 6% 6%

White 46% 45% 44%

Special Education — — —

Gifted — — —

LEP 17% 17% 17%

Gender (Female) 49% 49% 50%

1-Parent Family 27% 27% 27%

Free/Reduced-Price Lunch 65% 65% 65%

NOTE: LEP = Limited English Proficient.
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Table 2-A.2
Descriptive Statistics of Student Demographics, Cohort 2

Cohort 2

Grade

7 8 9

Mean Age (years) 12.7 13.7 14.7

Minority

African-American 3% 3% 3%

Asian 2% 2% 2%

Hispanic 22% 23% 23%

Other 4% 3% 4%

White 68% 68% 68%

Special Education — — —

Gifted — — —

LEP 5% 5% 5%

Gender (Female) 50% 49% 50%

1-Parent Family 25% 24% 20%

Free/Reduced-Price Lunch 38% 37% 36%

NOTE: LEP = Limited English Proficient.
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Table 2-A.3
Descriptive Statistics of Student Demographics, Cohort 3

Cohort 3

Grade

6 7 8

Mean Age (years) 11.7 12.7 13.7

Minority

 African-American 45% 46% 46%

 Asian 17% 17% 15%

 Hispanic 8% 8% 9%

 Other 4% 4% 4%

 White 26% 26% 25%

Special Education 13% 14% 14%

Gifted 20% 22% 22%

LEP 20% 20% 21%

Gender (Female) 51% 50% 51%

1-Parent Family — — —

Free/Reduced-Price Lunch 50% 50% 50%

NOTE: LEP = Limited English Proficient.
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Table 2-A.4
Descriptive Statistics of Student Demographics, Cohort 4

Cohort 4

Grade

3 4 5

Mean Age (years) 8.7 9.7 10.7

Minority

African-American 38% 38% 39%

Asian 14% 14% 12%

Hispanic 12% 13% 15%

Other 6% 6% 5%

White 29% 28% 28%

Special Education 13% 14% 13%

Gifted 22% 23% 25%

LEP 23% 24% 16%

Gender (Female) 45% 45% 46%

1-Parent Family — — —

Free/Reduced-Price Lunch 46% 45% 47%

NOTE: LEP = Limited English Proficient.
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Table 2-A.5
Descriptive Statistics of Student Demographics, Cohort 5

Cohort 5

Grade

6 7 8

Mean Age (years) 11.4 12.4 13.4

Minority

African-American 23% 22% 22%

Asian 13% 13% 13%

Hispanic 14% 14% 15%

Other 0% 0% 0%

White 50% 51% 50%

Special Education 12% 11% 11%

Gifted — — —

LEP 4% 4% 5%

Gender (Female) 49% 49% 49%

1-Parent Family — — —

Free/Reduced-Price Lunch 20% 19% 20%

NOTE: LEP = Limited English Proficient.
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APPENDIX 2-B

Descriptive Statistics of Student Test Scores



Table 2-B.1
Descriptive Statistics of Student Test Scores, Cohort 1

Cohort 1

Grade

3 4 5

Multiple-Choice

Math Scale Score 604.7
(38.5) a

660.3
(37.7)

NCE 52.7
(19.8)

53.2
(20.2)

57.5
(20.5)

Science — — —

Reading Scale Score 616.5
(39.6) a

655.3
(36.1)

NCE 50.1
(18.1)

49.3
(20.2)

50.8
(19.1)

Language Scale Score 587.2
(37.3) a

620.7
(32.9)

NCE 51.3
(18.7)

47.3
(17.1)

48.4
(17.8)

Open-Ended

Math — — —

Science — — —

Year 0 Scores

State test

Reading —

Math —

District test CRT (% Correct)

Math 77.5
(16.5)

Reading 81.4
(19.2)

NOTE: CRT = Criterion Referenced Test.
a Scaled scores for this year were not available. Normal Curve Equivalent (NCE)
scores are reported instead. 
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Table 2-B.2
Descriptive Statistics of Student Test Scores, Cohort 2

Cohort 2

Grade

6 7 8

Math Scale Score 697.3
(39.6) a

717.1
(35.0)

NCE 63.4
(20.2)

62.3
(19.4)

65.6
(18.2)

Science — — —

Reading Scale Score 691.7
(34.6) a

702.7
(31.4)

NCE 56.3
(18.5)

56.1
(17.0)

51.1
(16.6)

Language Scale Score 652.6
(36.1) a

665.2
(33.9)

NCE 57.8
(20.7)

54.5
(21.0)

53.3
(17.4)

Open-Ended

Math — — —

Science — — —

Year 0 Scores

State test

Reading —

Math —

District test CRT (% Correct)

Math 70.2
(18.1)

Reading 72.9
(17.1)

a Scaled scores for this year were not available. NCE scores are reported 
instead.

.
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Table 2-B.3
Descriptive Statistics of Student Test Scores, Cohort 3

Cohort 3

Grade

6 7 8

SAT-9 Multiple-Choice

Mathematics

Problem Solving 645.3
(47.4)

659.4
(48.6)

663.5
(45.4)

Procedures 648.8
(49.5)

665.3
(45.1)

686.4
(52.2)

Total 647.4
(43.9)

662.5
(41.1)

673.8
(40.8)

Science 637.3
(36.3)

646.2
(33.6)

659.0
(39.7)

Reading — — —

Language — — —

Open-Ended

Math 625.9
(36.9)

— —

Science — 627.5
(42.1)

—

Year 0 Scores

State test

Math 1,356.5 (239.0)

Reading 1,359.3 (218.3)

District test

Math —

Reading —
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Table 2-B.4
Descriptive Statistics of Student Test Scores, Cohort 4

Cohort 4

Grade

3 4 5

SAT-9 Multiple-Choice

Mathematics

Problem Solving 613.6
(48.1)

632.1
(46.0)

645.8
(44.9)

Procedures 566.0
(61.1)

62.4
(50.8)

650.7
(53.0)

Total — — —

Science 608.7
(41.5)

624.4
(37.2)

632.1
(38.5)

Reading — — —

Language — — —

Open-Ended

Math 598.9
(36.2)

— —

Science — 598.6
(46.1)

599.7
(50.6)

State and District Tests

State test

Math 1,395.2
(230.1)

— —

Reading 1,395.1
(223.4)

— —

District test

Math 203.1
(14.2)

— —

Reading 195.2
(16.8)

— —

Descriptive Statistics of Student Test Scores    11



Table 2-B.5
Descriptive Statistics of Student Test Scores, Cohort 5

Cohort 5

Grade

6 7 8

State Test 

Mathematics 682.7
(50.7)

— —

Reading 675.4
(46.9)

— —

Language 673.4
(46.9)

— —

SAT-9 Multiple-Choice

Science 660.2
(33.9)

666.7
(31.0)

684.4
(39.1)

SAT-9 Open-Ended 

Math — — —

Science — — 652.5
(55.4)

Year 0 Scores

State test

Math —

Science 534.6
(50.3)

District test

Math —

Reading —
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APPENDIX 2-C

Teacher Surveys
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APPENDIX 2-D

Teacher Logs
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APPENDIX 2-E

Observation Scoring Guide: Math

School _____________________________ Teacher ____________________________

Briefly describe classroom:

Briefly describe topic(s) of lesson:

1.  How well did the teacher manage the classroom, keeping all students
engaged and on task?

High (6,7,8) All or almost students were engaged and on task
throughout the lesson

Medium (3,4,5) Many students were engaged and on task throughout the
lesson or for some of the lesson

Low  (0,1,2)
Few students were engaged and on task throughout the
lesson or for some of the lesson

Justification:Rating:
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2.  How well did the students appear to learn the material in the lesson?

High (6,7,8) All or nearly all students appeared to learn the skills
or concepts the lesson was designed to teach

Medium (3,4,5) Many students appeared to learn the skills or concepts
the lesson was designed to teach

Low  (0,1,2)
Few students appeared to learn the skills or concepts
the lesson was designed to teach

Justification:Rating:
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3.  To what extent did the lesson/teacher focus on/guide toward conceptual
understanding?

High (6,7,8)

Guides students to generalize from a specific instance
to a larger concept or relationship.

Example: Teacher starts the lesson by asking
students to compare 4/4 to 4/8, and the discussion
results in the idea that “the bigger the bottom
number, the smaller the pieces.”  The teacher follows
up by asking, “Is this always true?”  Students then
try to generalize this idea by seeing if it holds
true with other fractions, namely by drawing
representations of 1/9 and 1/4, and 1/2, 1/3, 1/4,
and 1/8.

Medium (3,4,5)

Teacher mentions the concept or relationship that a
particular problem or procedure illustrates, but does
not require students to elaborate fully.

Example: Students are working on 3-digit by 1-
digit division problems.  The teacher explains how
estimation may be used to find the first digit of the
quotient: “312 divided by 5 can be rounded to 300
divided by 5, and 5 goes into 300 60 times.  So the
first digit of the answer should be around 6.
Estimating can usually give you a good idea of what
the first number should be.”  Estimation is used as a
means of obtaining the correct answer and the larger
math concept (e.g., place values) is never mentioned.

Low  (0,1,2)

Little or no attention to broad concepts.  Emphasis
strictly on rote application of algorithms or
memorization.

Example: The teacher is explaining to students how
to divide 435 by 5.  Students have just figured out
that 5 goes into 43 eight times.  To emphasize where
to place the 8, the teacher asks, “But we just said
that we can’t get 5 out of 4.  So where should the 8
go?”  Emphasis is on aligning the numbers correctly
rather than on the process of dividing.  Another
example of the teacher’s emphasis on rote application
includes having the students turn their ruler-lined
paper horizontally so that the columns can help
students “keep their place” while dividing.

Justification:Rating:
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4.  To what extent did the lesson/teacher focus on/guide reasoning and problem
solving?

High (6,7,8)

Teacher emphasizes the process through which students
arrived at solutions.  Makes certain that procedures are
explained and understood.

Example: The teacher asks, “How many digits must
the answer have if you divide one digit into a 3-
digit number?

S: “2 or 3 digits.”

T: “Why can’t it have 1 digit?  Or can it have 1
digit?”

Medium (3,4,5)

Solutions are explained, but methods are not explored
and reasoning strategies are not made explicit for all.

Example: Lesson is about fractions, but the lesson
stays within one activity, finding 1/2 (or 1/4, etc.).
Questions are specific to reaching an answer (e.g.,
“Did you see how she got her answer?”).  The
explanations are solution-oriented, “If you can’t
find the answer to what is half of your cubes, use
your eyes to find the middle, or count them all and
estimate.”  The teacher may also be very directive:
“Put them into this many or that many groups.”

Low  (0,1,2)

Little or no emphasis on reasoning strategies.  Single
explanations without any generalization to broad
strategy or approach.

Example: Students are asked to estimate the answer
to 37 x 3.  The teacher asks students, “What is the
basic math fact to estimate this problem?”  Students
answer “4 times 3,” and the teacher moves on.

Justification:Rating:
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5.  To what extent did the teacher connect the lesson to other topics in
mathematics?

High (6,7,8)

Teacher shows (or encourages students to show) how
current topic is related to topics studied previously or
topics to be studied in the future.  Compares and
contrasts current topic with previously studied
mathematics, making explicit the associations,
similarities, or differences.

Example: When learning about operations that are
inverses (e.g., subtraction and addition), there is a
discussion of why they are inverses and how both are
tied into the larger context of the base-10 system
and place values (e.g., when solving the problem 34–
29, “borrowing” is in essence an exchanging of one
block of 10 units to 10 smaller units of 1’s.  And
this process is the inverse of “carrying,” where the
smaller units of 1’s are exchanged for larger unit
blocks of 10).

Medium (3,4,5)

Connects current topic to previous one, but only in
superficial way.  Does not explore relationship between
concepts, operations, or procedures.

Example: Teacher may state that certain operations
are inverse operations and can therefore be used to
double-check results, but there is no discussion of
why they are inverse operations in the context of
place values. “What is the reverse of division?  How
do I back-check using multiplication?”

Low  (0,1,2)
Little or no attempt to link current topic to anything
studied previously.

Justification:Rating:
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6.  To what extent did the teacher connect the lesson to other subject areas
or disciplines?

High (6,7,8)

Teacher makes connections (or encourages students to
make connections) between mathematics and other subjects
that students are familiar with, particularly other
things they have learned in class.  Shows how
mathematical ideas are used in other disciplines.

Example: In a probability lesson, the teacher
discusses the likelihood and importance of false
positives in medical testing.  For example, there can
be a discussion of what it means to be a false
positive, what factors may lead to a false positive,
how the incidence of a disease in the population as
well as the accuracy of the medical test can affect
the likelihood of seeing a positive result, etc.

Example: To make connections to geography and
science, students gather information about the
temperature at certain times of the day.  They then
find the minimum, maximum, and range of temperatures,
and discuss factors that make one area of town cooler
or warmer than another (e.g., elevation change, body
of water, urban heat-island effect).

Medium (3,4,5)

Teacher connects math to other subjects superficially
but does not explore the application of mathematical
ideas in any depth.

Example: The teacher may mention that probability
is useful for other contexts.  For example, a teacher
may say something like, “Probability is very useful
for things like medical testing in science or quality
control of products in business,” but there is no
further discussion.

Example: The lesson is embedded within a science
context (as in collecting data about weather or
recycling), but that is the only connection.

Low  (0,1,2)
Little or no connection between mathematics being
learned and any other subjects.

Justification:Rating:
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7.  To what extent did the teacher engage in scaffolding to help students make
large conceptual or procedural jumps (e.g., asking questions incrementally
based on students’ response)?

High (6,7,8)

Teacher recognizes that student has only partial
understanding of a concept or procedure and provides
just enough help to move the student forward so she/he
can try to finish the solution.

Example: A student is having trouble deciding how
many rectangles are needed to represent a particular
fraction.  Specifically, she notices that sometimes 2
rectangles are used (as in the case of 3/2) and other
times only 1 rectangle is used (as in the case of
1/2).  Teacher asks,  “How do you know that you need
2 or 3 rectangles instead of 1?  What about S’s
conjecture about size of pieces and its size?”

Example: A student is demonstrating how to
represent 4/4 and 4/8 on a number line.  She is
representing each part by drawing 1/8 and 1/4 on a
number line.  The teacher asks, “How’d S know that
she could put the 1/8 halfway between the 1/4’s?”

Medium (3,4,5)

The teacher asks questions that will help the student to
arrive at the correct answer, but the questioning is
more direct and does not necessarily allow the student
to reflect on his/her thinking.

Example: The teacher poses the following problem:
”To get their mother a birthday present, Ken,
Kathleen, and Art contribute their savings.  Ken has
80 pennies, 2 nickels, and 1 dime.  Kathleen has 3
half-dollars.  Art contributes the rest.  If the
total is $8.12, and Art contributed 17 coins, what
coins could Art have?”  To a student who is trying to
use 12 pennies to make Art’s total, the teacher asks,
“If you use 12 pennies, that means you have 5 coins
left to make $5.50.  Is it possible to make $5.50
with 5 coins?”

Low  (0,1,2)

Teacher tells the students explicitly how to solve
problems or does not pose problems that require the
students to create new solutions, only to repeat learned
procedures.

Example: Students are dividing 3-digit numbers by
1-digit number with remainder (i.e., 435 divided by
5).  Teacher asks questions that emphasize the
procedural order of the algorithm, “First, cover all
the digits except the first one.  Can you take any 5
out of 4?”  “Then uncover the next number.  Can you
get some 5’s out of 43, etc.”

Justification:Rating:
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8.  To what extent did the teacher encourage students to come up with more
than one way of solving the problem?

High (6,7,8)

Teacher provides opportunities for students to explain
solution strategies and encourages students to
demonstrate different strategies.  Values different
strategies equally.

Example: To compare 4/4 to 4/8, there were two
different approaches.  First, one student drew two
rectangles of the same size and divided one rectangle
into 8 pieces and the other into 4 pieces, then
noticed that 4 pieces take up more space.  Another
student drew two rectangles of different sizes, but
then explained that 4/4 means “you take the whole
thing, but 4/8 is only half of it, so 4/4 is bigger.”

Example: Students are working on 250/17.  One
student solved it by the traditional algorithm;
another student solved it by making 17 columns and
filling the columns with an “x” until the student
came to 14 rows and had 12 left over; still another
student subtracted 17 from 250 until he got down to
12, then counted how many 17’s, and found that he had
14 with a remainder of 12.

Medium (3,4,5)

The teacher may superficially encourage different ways
of solving a problem but does not explore them in depth
or value them equally.

Example: Teacher says, “Did anyone do it another
way?” but there is little beyond the teacher asking
those types of questions (e.g., there is no attempt
to reconcile different approaches by students).

Example: The teacher poses the problem, “There are
5 students in the class.  On Valentine’s Day, every
student gives a valentine to each of the other
students.  How many valentines are exchanged?”
Teacher values efficiency rather than the
correctness of the solution.  In response to a
suggestion that valentines should be exchanged then
counted, the teacher responds, “Passing out the
valentines and then counting the number everyone
received will probably take too much time.  Can you
think of a quicker way to solve this problem?”

Low  (0,1,2)

Little or no effort to explore alternative ways of
solving problem.

Example: Teacher asks several students for their
answer and verifies that it’s correct, but there is
no discussion of how the students arrived at the
answer.  Teacher does not solicit any other solution
strategies.

Justification:Rating:
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9.  To what extent did the teacher facilitate discussion about ideas or
concepts among students?

High (6,7,8)

Teacher encourages students to discuss mathematical
concepts, to listen and respond to each other’s ideas,
and to learn from each other.  Builds a community of
mathematical learning.

Example: Students are working on how to compare
4/4 and 4/8, and one student illustrates the problem
by drawing two rectangles of different sizes.  When
the student thinks he did something wrong, the
teacher asks, “S thinks he did something wrong, but I
don’t understand what’s the problem.  Why must the
rectangles be the same size?”

Medium (3,4,5)

There is an attempt to engage students in discussion of
student remarks, but the teacher remains the focus and
does most of the reasoning.

Example: Students may still have a whole class
discussion about all possible enumerations of COW
and the patterns that they see, but instead of
allowing students to conclude when all possibilities
have been exhausted, the teacher guides students to
the answer.  A teacher may say, “Okay, we have some
possibilities on the board.  Let’s see if we have
all possible permutations.  So for my first spot,
how many ways do I have of choosing the first
letter? [Students answer 3]  If I choose C for my
first letter, how many letters do I have to choose
for the second spot? [Students answer 2] And for the
last spot? [Students answer 1]  So what does this
tell us about how many permutations we should be
looking for? [Students answer 6]  Do we have all 6?”

Low  (0,1,2)

Little or no student-to-student discussion of
mathematical concepts or procedures.

Teacher states that there should be 6
permutations, and some possibilities are missing.

Justification:Rating:
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10.  To what extent did the teacher stress the relevance of mathematics to the
students’ own lives?

High (6,7,8)

Teacher emphasizes connections between mathematical
ideas and students own lives.  Encourages students to
identify application of mathematics in their lives.

Example: In explaining the importance of division,
the teacher says, “Suppose you’re backpacking in the
woods for 5 weeks and you have $550.  There’s no bank
around, so you can’t withdraw money, and you can’t
use your credit card in the wild.  How much can you
spend per week without running out of money?”

Medium (3,4,5)

The lessons are framed in a real-life context, but are
artificial or are not meaningful to students directly.

Example, if a student asks, “Why do we need to
know combinations?” a teacher might say, “It’s
important in combinatorial DNA analysis.”

Example:  For a lesson on percents, the lesson is
about the projected returns by mutual funds and
stocks based on different interest rates.

Low  (0,1,2)

Little or no connection between mathematics and
students’ own lives.

Example: Which gives you the larger number, (A) 25%
of 40, or (B) 30% of 45?

Justification:Rating:



Observation Scoring Guide: Math    57

11.  Did lessons involve a variety of pictures, graphs, diagrams, or other
representations to illustrate an idea or concept?

High (6,7,8)

Lesson emphasizes multiple ways to represent
mathematical concepts or ideas.  These include figures,
diagrams, graphs, and other physical representations.
(Different from multiple solution strategies, this is
multiple representations of an idea.)

Example: To compare 4/4 and 4/8, different
representations were used, including circles,
rectangles of the same and different sizes, and a
number line.  The teacher then asks about the
equivalence of the responses, “So you took 4ths and
cut them in half on your rectangle?  So is that the
same thing as what S did on the number line?  So how
are they the same?”

Medium (3,4,5)

Teacher lets students illustrate ideas in alternative
ways, but does not encourage doing so and does not push
for more alternatives when they occur.

Example: Student shows that four twos are eight by
holding up hands showing fingers held together in
pairs.  Teacher acknowledges that approach is correct
but does not use it as an opportunity to elicit other
ways of demonstrating this relationship.

Low  (0,1,2)

Few or no cases of ideas being illustrated in more than
one way.

Example: In a lesson on long division, the teacher
uses only numbers to explain how to divide.  There is
no attempt to use other means, such as pictures
(e.g., depicting pictorially how to group the objects
together) or manipulatives.

Justification:Rating:
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12.  To what extent did the students work cooperatively in groups?

High (6,7,8)

Teacher has students work collaboratively on nontrivial
mathematical tasks in groups.  Teacher ensures that all
students are engaged on the underlying mathematics of
the activity.

Example: Suppose there is an activity in which
students are to make triangles of different lengths
using fasteners and polymer strips.  After building
their triangles, students discuss whether they can
make another triangle with the same side lengths.

Students are playing the Web-based game
“Lemonade,” where they try to maximize their profits
while taking into account factors such as lemonade
price, weather conditions, cost of materials (e.g.,
lemons, sugar).  Students are actively keeping track
of their trial-and-error approaches, trying to see
which pricing structure under which conditions gives
the best profits.

Medium (3,4,5)

Students supposed to work collaboratively in groups, but
the work is not extensive, students focus on the
procedural aspects of the activity, or students work
independently and do not collaborate.

Example: They are more focused on getting the
fasteners in the correct place on the polymer strips
than on the kinds of triangles that can be built.

Students are working cooperatively with each
other, but are off-task (e.g., trying outrageous
pricing schemes, such as selling lemonade for $100
per glass).

Low  (0,1,2)
Students in groups, but no intention to work
collaboratively; or no group activity occurs.

Justification:Rating:
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13.  To what extent did the students participate in hands-on activities using
manipulatives that were related to mathematical ideas or concepts?

High (6,7,8)

Teacher has students use concrete objects to model
mathematical ideas.  These explorations become the basis
for building more abstract mathematical representations.

Example: Using geoboards, students are asked to
make figures that have an area of 4, sometimes with a
constraint that the figure touches a specified number
of points.  Students are then asked to identify their
figures using correct terminology; make observations
about lines of symmetry, congruence, similarity,
etc.; and discuss how the constraints affect the
number of ways that a figure of area 4 can be made.

Medium (3,4,5)

Limited use of concrete objects to build understanding.

Example: Students are engaged, but they are
focused on doing the activity, not the underlying
concept.  For example, students may be engrossed in
finding all possible permutations of Tetris-like
figures (which have areas of 4), but there is no
discussion of symmetry, congruence, similarity,
constraints, etc.

Low  (0,1,2)

Little or no hands-on mathematical development.

Example: Students are arranging tiles on a board
for a multiplication lesson, but the tiles are used
to get the right answers only, not to build knowledge
or a larger process.  Also, the tiles cannot be
worked with in different ways.

Justification:Rating:
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14.  To what extent did the students work on complex problems that involve
multiple steps and/or multiple solutions, or assess more than one
mathematical skill or concept?

High (6,7,8)

Teacher assigns complex problems that admit multiple
solutions and foster more complicated mathematical
reasoning.

Example: Students work on long division in the
context of word problems.  Consider three different
division problems that require students to divide
413 by 30.  Whether the answer is 13 remainder 23,
13, or 14 depends on the context.  E.g., if the
problem asks students to find how many buses are
needed to transport 413 kids if each bus can seat 30
students, the answer is 14.  However, if the problem
were framed as “You are working for a jellybean
factory and you must group the jellybeans into
packages of 30 each.  You are allowed to keep all
full packages of jellybeans.  How many packages do
you get to keep?” the answer is 13.  Still, if the
problem were to be reframed as, “How many full
jellybean packages do you have and how many pieces
are left over?” the answer is 13 remainder 23.

Medium (3,4,5)

Students are given problems of moderate complexity that
are not as rich in terms of solutions and reasoning.

Example: The long-division problems are in the
context of word problems, but do not require students
to interpret the meaning of their answer.  For
example,  “If there are 30 students in a classroom,
and there are 420 stickers, how many stickers does
each student receive?”

Low  (0,1,2)

Students work only routine problems requiring one or
two procedures they have already learned.

Example: Students work on decontextualized long-
division problems that intend to give students
practice on the algorithm (e.g., many problems of
the form 413 divided by 5).

Justification:Rating:
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15.  To what extent did the lesson have a sequence of activities that build
conceptual understanding?

High (6,7,8)

Teacher presents material in a sequential, connected,
logical manner to foster understanding.  Lesson might
begin with a problem, followed by a hands-on activity to
solve it, then a discussion of general methods, and end
with an abstract formula.  The sequence may be apparent
in an individual lesson or in a series of lessons within
a unit.

Example: When learning about relative sizes of
fractions (e.g., 4/4 compared to 4/8), the lesson
proceeded from comparing fractions with unlike
denominators to comparing two fractions with unlike
denominators in which the denominator of one of the
fraction was not a multiple of the other (e.g.,
comparing 1/9 to 1/4), and then proceeded to
considering two fractions in which the numerator was
greater than the denominator.

Medium (3,4,5)

The lesson is logically ordered, but the elements do not
build conceptual understanding.

Example: To explain division to students who were
struggling with 3-digit division, the teacher started
with a 2-digit problem, then extended the problem to
3 digits.  Specifically, the teacher guided students
through the process of dividing 38 by 6 (“How many
times can 6 go into 38?  Can 6 go into 2?  So what’s
your remainder?”) then moved to the same reasoning
for 182 divided by 2.  Although it makes sense to
start with a simple problem, the emphasis of the
progression was procedural (i.e., what are the order
of the steps when dividing).

Example: The teacher presented the material in a
logical, conceptual order: If you don’t know how to
solve two-digit multiplication problems like 7 x 328,
you can use estimation to get in the ballpark and
then use expanded notation to put it in a form where
you can use mental multiplication.  But the
discussion was strictly procedural (i.e., first do
this, then do this).  And the teacher did not make
the point that the traditional and expanded
approaches give the same result.

Low  (0,1,2)

One set of activities follows the next, with no logical
connections or no concern with building understanding.

Example: Students may be working on “challenge”
problems, some of which deal with area, others with
ratios and proportions, and still others with
fractions.

Justification:Rating:
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16.  Overall, to what extent did this lesson embody the elements of reform?

High (6,7,8) Reform elements were pervasive.

Medium (3,4,5) Some reform elements were present.

Low  (0,1,2) Few or no reform elements were present.

Justification:Rating:
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Scale Items
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Instructional Practice

Reform Practices (Mathematics)
On average throughout the year, approximately how often do you employ the 
following teaching strategies during your mathematics lessons?
Use open-ended questions
Require students to explain their reasoning when giving an answer
Encourage students to communicate mathematically
Encourage students to explore alternative methods for solutions
Help students see connections between mathematics and other disciplines

On average throughout the year, approximately how often do your students 
take part in the following activities as part of their mathematics lessons?
Share ideas or solve problems with each other in small groups
Engage in hands-on mathematics activities
Work on extended mathematics investigations (a week or more in duration)
Record, represent, or analyze data

Reform Practices (Science)
On average throughout the year, approximately how often do you employ the 
following teaching strategies during your science lessons?
Use open-ended questions
Require students to supply evidence to support their claims
Encourage students to explain concepts to one another
Encourage students to consider alternative explanations
Help students see connections between science and other disciplines

On average throughout the year, approximately how often do your students 
take part in the following activities as part of their science lessons?
Share ideas or solve problems with each other in small groups
Engage in hands-on science activities
Work on extended science investigations or projects (a week or more in 
duration)
Record, represent, and/or analyze data

Reform Relative to Text
How does your emphasis on each of the following student mathematics 
activities compare to that of your primary textbook or published curriculum?
Solving real-life problems
Engaging in hands-on activities
Explaining answers, justifying solutions
Discussing multiple solutions
Solving open-ended problems

Mathematical Processes
How much emphasis do you place on each of the following?
Proof and justification/verification
Problem solving
Communication
Connections
Representations

Experiments
When you teach [selected topics], how much emphasis do you place on the 
following skills and activities?
Conducting a controlled investigation, manipulating one variable
Collecting data
Carrying out a planned experiment
Making observations and recording data



Scale Items    65

Selected topics include:
Elementary grades:

Life Science
Physical Science
Environments

Middle grades:
Patterns and Relationships
Chesapeake Bay Populations and Ecosystems
Structure and Function in Living Things
Earth’s Structure

Hours of Weekly Instruction
In a typical week, how many hours of mathematics/science instruction do 
students receive?

Discussion
How much time did students spend on each of these activities during today’s 
mathematics lesson?
Explain their thinking about mathematical problems/scientific ideas
Lead discussion of a mathematics/science topic

How much time did you spend on each of these activities during today’s 
mathematics lesson?
Ask open-ended questions and discuss solutions to them
Ask questions of individuals to test for understanding

Groupwork
How long did students work in groups during today’s mathematics lesson?

Mixed-Ability Groupwork
If groups were used, what share of the group time was used working in 
groups of similar ability?

Problem-Solving Groupwork
If groups were used, what share of the group time was used solving new 
problems together as a group?

Average Reform Activities (Mathematics)
How often did the activities occur during today’s mathematics lesson?
Students engaged in debate/discussion about ways to solve a problem
Student restated another student’s ideas in different words
Students demonstrated different ways to solve a problem
Students explored a problem different from any they had solved
previously
Students worked on an activity or problem that will take more than one 
period
Teacher or student connected today’s math topic to another subject
(e.g., social studies)

Average Reform Activities (Science)
How often did the activities occur during today’s science lesson?
Students engaged in debate/discussion about a scientific conclusion or 
generalization
Student restated another student’s ideas in different words
Students represented data using charts, graphs, or tables
Students worked on a problem or investigation different from any they had 
solved previously
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Students worked on an activity or investigation that will take more than 
one period
Teacher or student connected today’s topic to another subject (e.g., 
social studies)

Time on Task
How long was today’s mathematics/science lesson?
How much of this time was spent on administrative matters (e.g., 
school bulletins, taking role, PA announcements) or on student 
discipline?

Hands-On
How much time did students spend doing hands-on science investigations?

Seatwork
How much time did students spend on each of these activities during today’s 
mathematics/science lesson?
Read from textbook or other materials
Complete worksheets or problem sets from text

Curriculum Coverage

Operations
Indicate the approximate amount of time you will spend on each content area 
this school year?
Elementary grades:
Addition/subtraction of whole numbers
Multiplication/division of whole numbers

Middle grades:
Operations with whole numbers
Operations with signed whole numbers
Order of operations

Algebra
Indicate the approximate amount of time you will spend on each content area 
this school year?
Elementary grades:
Patterns/functions/algebra

Middle grades:
Patterns/functions/algebra
Patterns/functions
Algebra
Number systems and their properties
Polynomials
Rational/irrational expressions and sentences
Coordinate graphs
Systems of equations and inequalities
Radicals and exponents
Quadratics
Graphing linear equations
Solving linear equations and inequalities
Radicals and exponents
Quadratic equations
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Earth Science
Approximately how many lessons will you present on Earth Science?

Life Science
Approximately how many lessons will you present on Life Science?

Physical Science
Approximately how many lessons will you present on Physical Science?

Reasoning and Technology
Approximately how many lessons will you present on Science Reasoning and 
Technology?

Science Content
How much time will you spend teaching each of the following areas of science 
this school year?
Elementary grades:
Earth Science
Life Science
Physical Science
Science Reasoning and Technology

Sixth Grade:
Patterns and relationships
Diversity and adaptation of organisms
Chesapeake Bay populations and ecosystems
Motion and forces

Seventh Grade:
Structure and Function in Living Things
Disease
Light and Sound
Solar Systems

Eighth Grade:
Atmospheric Phenomena
Introductory Chemistry
Earth’s Structure
Heredity
Astronomy

Kits
During approximately how many lessons will you use the following curriculum 
materials to teach science in your class this school year?
Fourth Grade:
Structures of Life (FOSS)
Terrestrial Food Chains
Water (FOSS)
Physics of Sound (FOSS)
Sound (STC)
Ideas and Inventions (FOSS)

Fifth Grade:
Human Body (FOSS)
Earth Materials (FOSS)
Water (FOSS)
Rocks and Charts (DISTRICT)
Magnetism, Electricity (FOSS)
Measurement (FOSS)
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Sixth Grade:
Environments (FOSS)
Environmental Factors (DISTRICT)
Landforms (FOSS)
Levers and Pulleys (FOSS)
Floating and Sinking (STC)
Variables (FOSS)

Sleuths
How many class periods will you devote to using Science Sleuths this school 
year?

Teacher Background

Professional Development
In the past 12 months, how much time have you spent on professional 
development activities that focused on the following aspects of teaching 
mathematics/science?
In-depth study of mathematics/science content
Methods of teaching mathematics/science
Use of particular mathematics/science curricula or curriculum materials
Students’ mathematics/scientific thinking
Mathematics/science standards or framework
Mathematics/science assessment/testing
Use of educational technology for mathematics/science instruction

Experience
Including this year, how many years have you taught on a full-time 
basis?

Experience at Grade
Including this year, how many years have you taught third- (or fourth- 
fifth-, etc.) graders?

Master’s Degree
What is the highest degree you hold?

Math/Science Degree
Did you major in science/mathematics or a science-/mathematics-intensive
field for your bachelor’s degree?
Did you minor in science/mathematics or a science-/mathematics-intensive
field for your bachelor’s degree?

Confidence
With respect to the science/mathematics that you are asked to teach, how
confident are you in your knowledge of science/mathematics?
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Classroom Context

Class Size
How many students were present?

Heterogeneous Classroom
How would you describe the target class in terms of variation in 
mathematics/science ability?  (Choose One)
Fairly homogeneous and low in ability
Fairly homogeneous and average in ability
Fairly homogeneous and high in ability
Heterogeneous, with a mixture of two or more ability levels

Materials Availability
Are the following tools/materials available for use?
Weighing balances, spring scales
Beakers, graduated cylinders
Thermometers
Metric rulers
Metroscopes, stereoscopes, or magnifying lenses
Aquariums, plants, rocks, sand, minerals, etc.
Distilled water for experiments
Conversion charts, tables (e.g., periodic table), or maps
Electronic data-collection technology
Chemical reagents (e.g., acids, bases)

Observational Scales

Deep Understanding (Mathematics)
To what extent did the lesson/teacher focus on/guide toward conceptual 
understanding?
To what extent did the lesson/teacher focus on/guide reasoning and problem 
solving?
To what extent did the teacher engage in scaffolding to help students make 
large conceptual or procedural jumps (e.g., asking questions incrementally 
based on students response)?
To what extent did the students work on complex problems that involve multiple 
steps and/or multiple solutions, or assess more than one mathematical skill or 
concept?
To what extent did the lesson have a sequence of activities that build 
conceptual understanding?

Deep Understanding (Science)
To what extent did the teacher/lesson focus on conceptual understanding?
To what extent did the teacher focus on student reasoning?
To what extent did the teacher provide incremental help (“scaffolding”) so 
students could build understanding of complex relationships or learn new 
concepts?
To what extent did the teacher model scientific curiosity, skepticism, 
openness, and an emphasis on analysis, reasoning, and reflection?
To what extent did the teacher encourage discussion among students about 
scientific ideas or concepts, either during whole class or group 
discussions?
To what extent did the lesson have a sequence of activities that build 
understanding?
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Overall Reform (Mathematics)
To what extent did the lesson/teacher focus on/guide toward conceptual 
understanding?
To what extent did the lesson/teacher focus on/guide reasoning and problem 
solving?
To what extent did the teacher connect the lesson to other topics in 
mathematics?
To what extent did the teacher connect the lesson to other subject areas or 
disciplines?
To what extent did the teacher engage in scaffolding to help students make 
large conceptual or procedural jumps (e.g., asking questions incrementally 
based on students response)?
To what extent did the teacher encourage students to come up with more than one
way of solving the problem?
To what extent did the teacher facilitate discussion about ideas or concepts 
among students?
To what extent did the teacher stress the relevance of mathematics to the 
students’ own lives?
Did lessons involve a variety of pictures, graphs, diagrams, or other 
representations to illustrate an idea or concept?
To what extent did the students work cooperatively in groups?
To what extent did the students participate in hands-on activities using 
manipulatives that were related to mathematical ideas or concepts?
To what extent did the students work on complex problems that involve multiple 
steps and/or multiple solutions, or assess more than one mathematical skill or 
concept?
To what extent did the lesson have a sequence of activities that build 
conceptual understanding?

Overall Reform (Science)
To what extent did the teacher/lesson focus on conceptual understanding?
To what extent did the teacher focus on student reasoning?
To what extent did the teacher provide incremental help (“scaffolding”) so 
students could build understanding of complex relationships or learn new 
concepts?
To what extent did the teacher model scientific curiosity, skepticism, 
openness, and an emphasis on analysis, reasoning, and reflection?
To what extent did the teacher encourage discussion among students about 
scientific ideas or concepts, either during whole class or group 
discussions?
To what extent did the teacher stress the relevance of subject to students’ own
lives?
To what extent did the students take an active role in constructing their 
scientific understanding by formulating questions, collecting information, or 
synthesizing results?
To what extent did the students work cooperatively in groups?
To what extent did the students participate in hands-on activities?
To what extent did the lesson lead to student understanding of important 
scientific phenomena, ideas, or concepts?
To what extent did the lesson have a sequence of activities that build 
understanding?
To what extent did the teacher provide students with a sense of purpose?
To what extent did the lesson begin in an engaging or provocative manner?
To what extent did the lesson end with discussion of conclusions or concepts 
learned?
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APPENDIX 3-B

Descriptive Statistics and Alphas of Scales for Instructional 
Practices, Curriculum Coverage, Teacher Background, and 
Classroom Context

Table 3-B.1
Distribution of “Yes” Responses for Dichotomous Scales for Teacher Background and 
Classroom Context in Cohort 2

Scale

Year 1 Year 2 Year 3

N Percentage N Percentage N Percentage

Teacher Background

Master’s Degree 43 49 64 63 57 65

Confidence 43 84 63 85 57 87

Classroom Context

Heterogeneous Classroom 43 40 64 44 57 37

Table 3-B.2
Distribution of “Yes” Responses for Dichotomous Scales for Teacher Background and 
Classroom Context in Cohort 3

Scale

Year 1 Year 2 Year 3

N Percentage N Percentage N Percentage

Teacher Background

Master’s Degree 62 66 43 40 38 42

Confidence 62 60 43 84 38 89

Classroom Context

Heterogeneous Classroom 56 71 43 65 38 63



Table 3-B.3
Distribution of “Yes” Responses for Dichotomous Scales for Teacher Background and 
Classroom Context in Cohort 4

Scale

Year 1 Year 2 Year 3

N Percentage N Percentage N Percentage

Teacher Background

Master’s Degree 68 49 66 65 64 61

Confidence 68 21 67 19 65 29

Classroom Context

Heterogeneous Classroom 60 67 67 60 64 75

Table 3-B.4
Distribution of “Yes” Responses for Dichotomous Scales for Teacher Background and 
Classroom Context Scales in Cohort 5

Scale

Year 1 Year 2 Year 3

N Percentage N Percentage N Percentage

Teacher Background

Master’s Degree 63 73 75 55 68 74

Confidence 65 57 75 56 67 64

Classroom Context

Heterogeneous Classroom 63 67 76 57 66 59
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Table 3-B.5a
Characteristics of Scales for Instructional Practices, Curriculum Coverage, Teacher Background, 
and Classroom Context for Cohort 2, Year 1

Scale

Year 1

N Mean SD Min Max Alpha

Instructional Practices

 Reform-High 43 0.00 1.00 –3.03 2.35 .78

 Reform-Full 43 2.00 .57 .61 3.05 .84

 Reform Practices 43 3.54 .39 2.22 4.33 .57

 Reform Relative to Text 41 2.26 .36 1.40 3.00 .48

 Mathematical Processes — — — — — —

 Hours of Weekly Instruction — — — — — —

Discussion 35 1.96 .45 1.00 3.20 .79

 Groupwork 35 4.18 5.48 .00 24.00 —

 Mixed-Ability Groupwork 35 1.96 5.07 .00 24.00 —

Problem-Solving Groupwork 35 1.41 4.11 .00 21.00 —

 Average Reform Activities — — — — — —

 Time on Task 35 26.47 15.20 4.20 55.00 —

 Seatwork 35 2.42 .78 1.00 4.30 .67

Curriculum Coverage

 Operations 41 3.27 .87 1.00 5.00 —

 Algebra — — — — — —

Teacher Background

Professional Development 43 2.83 .91 1.00 4.43 .85

Experience 43 14.70 10.18 1.00 36.00 —

Experience at Grade 43 9.65 8.25 1.00 30.00 —

 Math Degreea 43 .63 .79 .00 2.00 —

Classroom Context

 Class Size 35 24.15 4.95 14.00 32.60 —
aMath degree takes on a value of 2 if the teacher holds a major, 1 if the teacher holds a minor, and 0 
otherwise.
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Table 3-B.5b
Characteristics of Scales for Instructional Practices, Curriculum Coverage, Teacher Background, 
and Classroom Context for Cohort 2, Year 2

Scale

Year 2

N Mean SD Min Max Alpha

Instructional Practices

 Reform-High 64 0.00 1.00 –2.72 2.73 .78

 Reform-Full 64 1.59 .59 .54 3.19 .82

 Reform Practices 64 3.51 .47 2.00 4.33 .69

 Reform Relative to Text 64 3.64 1.20 1.00 3.00 .54

 Mathematical Processes 64 2.15 .32 1.00 5.00 .56

 Hours of Weekly Instruction 64 4.64 4.24 2.00 37.00 —

Discussion 62 2.16 .49 1.13 4.00 .51

 Groupwork 62 9.56 9.57 .00 36.00 —

 Mixed-Ability Groupwork 60 5.84 8.33 .00 30.00 —

Problem-Solving Groupwork 58 6.02 7.49 .00 32.50 —

 Average Reform Activities 62 1.75 .33 1.08 2.50 .54

 Time on Task 63 37.90 12.35 2.00 56.50 —

 Seatwork 62 2.59 .73 1.00 4.50 .28

Curriculum Coverage

 Operations 64 3.44 1.04 1.00 5.00 —

 Algebra 64 2.92 .70 1.00 5.00 .87

Teacher Background

Professional Development 64 2.94 .94 1.00 4.86 .86

Experience 63 12.22 9.83 1.00 38.00 —

Experience at Grade 63 9.13 8.90 1.00 38.00 —

 Math Degreea 64 .78 .83 .00 2.00 —

Classroom Context

 Class Size 62 25.35 4.61 15.00 36.00 —
a Math degree takes on a value of 2 if the teacher holds a major, 1 if the teacher holds a minor, and 0 
otherwise.
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Table 3-B.5c
Characteristics of Scales for Instructional Practices, Curriculum Coverage, Teacher Background, 
and Classroom Context for Cohort 2, Year 3

Scale

Year 3

N Mean SD Min Max Alpha

Instructional Practices

Reform-High 57 0.00 1.00 –3.03 2.19 .77

Reform-Full 57 1.68 .61 .61 3.03 .83

Reform Practices 57 3.70 .53 2.22 4.67 .79

Reform Relative to Text 57 3.98 1.13 1.40 3.00 .65

Mathematical Processes 57 2.10 .45 — 5.00 .64

Hours of Weekly Instruction 57 4.58 1.75 — 13.00 —

Discussion 57 2.20 .49 1.00 3.25 .68

Groupwork 56 11.94 12.08 .00 52.50 —

Mixed-Ability Groupwork 55 9.72 12.33 .00 52.50 —

Problem-Solving Groupwork 54 7.06 9.04 .00 43.75 —

Average Reform Activities 57 1.80 .30 — 2.58 .57

Time on Task 55 40.16 11.93 4.20 80.00 —

Seatwork 57 2.20 .80 1.00 5.00 .53

Curriculum Coverage

Operations 57 2.68 .98 1.00 5.00 —

Algebra 57 3.27 .44 — 4.57 .65

Teacher Background

Professional Development 57 2.99 1.02 1.00 5.00 .87

Experience 57 14.30 10.33 1.00 41.00 —

Experience at Grade 57 10.05 8.68 1.00 41.00 —

Math Degreea 57 1.04 .87 .00 2.00 —

Classroom Context

Class Size 57 25.61 8.53 14.00 76.00 —
a Math degree takes on a value of 2 if the teacher holds a major, 1 if the teacher holds a minor, and 0 
otherwise.
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Table 3-B.6a
Characteristics of Scales for Instructional Practices, Curriculum Coverage, Teacher Background, 
and Classroom Context for Cohort 3, Year 1

Scale

Year 1

N Mean SD Min Max Alpha

Instructional Practices

 Reform-High 64 0.00 1.00 –2.44 2.05 .81

 Reform-Full 64 1.27 .55 .27 2.44 .91

 Reform Practices 64 4.14 .54 1.89 4.89 .82

 Reform Relative to Text 59 2.18 .34 1.40 3.00 .51

 Mathematical Processes — — — — — —

 Hours of Weekly Instruction — — — — — —

Discussion 63 2.50 13.23 1.30 4.20 .76

 Groupwork 63 22.59 13.23 .00 54.00 —

 Mixed-Ability Groupwork 61 14.97 14.38 .00 48.00 —

Problem-Solving Groupwork 62 13.14 11.42 .00 47.25 —

 Average Reform Activities — — — — — —

 Time on Task 63 52.17 17.05 23.60 86.40 —

 Seatwork 63 2.74 .73 1.10 4.10 .55

Curriculum Coverage

 Operations 64 3.76 .90 2.00 5.00 —

 Algebra — — — — — —

Teacher Background

Professional Development 64 2.85 1.07 1.00 5.00 .89

Experience 63 10.51 8.52 1.00 36.00 —

Experience at Grade 63 5.98 5.38 1.00 23.00 —

 Math Degreea 64 .35 .75 .00 2.00 —

Classroom Context

 Class Size 63 18.85 6.17 5.00 30.00 —

a Math degree takes on a value of 2 if the teacher holds a major, 1 if the teacher holds a minor, and 0 
otherwise.
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Table 3-B.6b
Characteristics of Scales for Instructional Practices, Curriculum Coverage,  Teacher Background, 
and Classroom Context for Cohort 3, Year 2

Scale

Year 2

N Mean SD Min Max Alpha

Instructional Practices

Reform-High 43 0.00 1.00 –2.41 2.00 .81

Reform-Full 41 1.94 .62 .40 3.02 .88

Reform Practices 43 4.18 .37 3.56 4.78 .65

Reform Relative to Text 43 4.36 .76 1.20 3.00 .61

Mathematical Processes 42 2.18 .34 2.00 5.00 .78

Hours of Weekly Instruction 43 5.70 7.08 1.00 50.00 —

Discussion 42 2.83 .73 1.52 4.50 .84

Groupwork 42 28.43 16.18 .00 70.00 —

Mixed-Ability Groupwork 42 22.02 16.71 .00 70.00 —

Problem-Solving Groupwork 42 28.43 16.18 .00 70.00 —

Average Reform Activities 42 2.05 .29 1.42 2.58 .55

Time on Task 43 52.81 18.27 12.50 86.25 —

Seatwork 42 2.76 .66 1.25 3.75 .55

Curriculum Coverage

Operations 43 3.07 .99 1.00 5.00 —

Algebra 43 3.37 .76 2.00 5.00 .34

Teacher Background

Professional Development 43 3.26 1.03 1.00 5.00 .90

Experience 43 10.47 9.56 1.00 34.00 —

Experience at Grade 43 4.91 4.70 1.00 15.00 —

Math Degreea 42 1.02 .95 .00 2.00 —

Classroom Context

 Class Size 42 22.46 4.49 12.00 30.50 —
a Math degree takes on a value of 2 if the teacher holds a major, 1 if the teacher holds a minor, and 0 
otherwise.
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Table 3-B.6c
Characteristics of Scales for Instructional Practices, Curriculum Coverage, Teacher Background, 
and Classroom Context for Cohort 3, Year 3

Scale

Year 3

N Mean SD Min Max Alpha

Instructional Practices

Reform-High 38 0.00 1.00 –2.57 1.51 .81

Reform-Full 38 2.33 .64 .63 3.29 .85

Reform Practices 38 4.21 .44 3.00 5.00 .73

Reform Relative to Text 36 4.24 1.12 1.20 3.00 .71

Mathematical Processes 37 2.16 .36 1.00 5.00 .67

Hours of Weekly Instruction 36 7.06 10.87 3.00 60.00 —

Discussion 37 2.87 .70 1.25 4.13 .69

Groupwork 37 27.35 13.78 .00 55.00 —

Mixed-Ability Groupwork 35 21.20 15.81 .00 55.00 —

Problem-Solving Groupwork 34 18.40 12.58 .00 45.00 —

Average Reform Activities 37 2.03 .37 1.17 2.83 .70

Time on Task 37 50.11 19.88 7.50 90.00 —

Seatwork 37 2.58 .90 1.18 5.00 .64

Curriculum Coverage

Operations 37 2.49 .90 1.00 5.00 —

Algebra 37 3.11 .77 1.38 4.63 .82

Teacher Background

Professional Development 38 2.91 .86 1.29 4.71 .85

Experience 38 6.13 5.25 .00 20.00 —

Experience at Grade 38 5.74 5.10 .00 20.00 —

Math Degreea 38 .37 .75 .00 2.00 —

Classroom Context

Class Size 37 22.53 5.22 9.00 30.50 —

a Math degree takes on a value of 2 if the teacher holds a major, 1 if the teacher holds a minor, and 0 
otherwise.
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Table 3-B.7a
Characteristics of Scales for Instructional Practices, Curriculum Coverage, Teacher Background, 
and Classroom Context for Cohort 4, Year 1

Scale

Year 1

N Mean SD Min Max Alpha

Instructional Practices

 Reform-High 67 .00 1.00 –4.10 1.23 .84

 Reform-Full 66 1.02 .56 .13 2.31 .90

 Reform Practices 66 3.52 .51 2.44 4.82 .78

Experiments 66 3.25 .49 2.00 4.00 .70

 Hours of Weekly Instruction 66 — — — — —

Discussion 66 2.41 .51 1.32 4.00 .89

 Groupwork 64 27.27 22.46 .00 180.00 —

 Mixed-Ability Groupwork 64 21.23 14.54 .00 67.50 —

Problem-Solving Groupwork 64 18.07 14.35 .00 67.50 —

 Average Reform Activities 66 — — — — —

 Time on Task 63 42.44 26.67 21.80 240.00 —

 Hands-On 65 28.92 21.25 .00 180.00 —

 Seatwork 65 1.63 .54 1.00 2.77 .79

Curriculum Coverage

Earth Science 66 3.37 1.21 1.00 6.00 —

 Life Science 66 4.08 1.34 1.00 6.00 —

Physical Science 66 3.36 1.16 1.00 6.00 —

 Reasoning and Technology 66 2.42 1.23 1.00 6.00 —

 Science Content 66 3.31 .92 1.50 5.25 .74

 Kits 66 2.71 .94 1.00 4.91 .77

Teacher Background

Professional Development 67 2.38 1.03 1.00 4.57 .92

Experience 67 10.87 9.74 1.00 35.00 —

Experience at Grade 67 5.20 5.18 1.00 22.00 —

Classroom Context

Class Size 65 18.61 4.69 9.50 27.00 —
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Table 3-B.7b
Characteristics of Scales for Instructional Practices, Curriculum Coverage, Teacher Background, 
and Classroom Context for Cohort 4, Year 2

Scale

Year 2

N Mean SD Min Max Alpha

Instructional Practices

Reform-High 69 .00 1.00 –2.50 1.60 .85

Reform-Full 69 1.27 .56 .29 2.54 .91

Reform Practices 69 3.73 .58 2.11 5.00 .88

Experiments 66 3.09 .59 1.00 4.00 .82

Hours of Weekly Instruction — 2.83 1.08 1.00 6.00 —

Discussion 66 3.38 1.06 1.80 4.20 .58

Groupwork 66 29.61 11.84 .00 60.00 —

Mixed-Ability Groupwork 66 26.66 13.45 .00 60.00 —

Problem-Solving Groupwork 66 21.77 13.04 .00 52.50 —

Average Reform  Activities — 1.95 .35 1.17 2.83 .62

Time on Task 66 39.81 9.05 20.00 60.00 —

Hands-On 66 30.62 10.14 10.00 60.00 —

Seatwork 66 1.78 .63 1.00 3.50 .14

Curriculum Coverage

Earth Science 66 3.38 1.06 1.00 6.00 —

Life Science 66 3.49 1.22 1.00 6.00 —

Physical Science 66 3.30 1.08 1.00 6.00 —

Reasoning and Technology 66 2.95 1.11 1.00 6.00 —

Science Content 66 3.28 .85 1.50 5.37 .76

Kits 65 2.50 .95 1.00 4.77 .87

Teacher Background

Professional Development 69 2.24 .84 1.00 3.86 .87

Experience 68 12.82 9.80 2.00 34.00 —

Experience at Grade 69 5.16 4.70 1.00 21.00 —

Classroom Context

Class Size 66 23.13 4.08 10.00 45.00 —
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Table 3-B.7c
Characteristics of Scales for Instructional Practices, Curriculum Coverage, Teacher Background, 
and Classroom Context for Cohort 4, Year 3

Scale

Year 3

N Mean SD Min Max Alpha

Instructional Practices

Reform-High 65 .00 1.00 –3.01 1.82 .86

Reform-Full 65 1.39 .61 .31 3.04 .89

Reform Practices 68 3.94 .42 2.89 4.67 .94

Experiments 63 3.21 .79 1.00 4.00 .91

Hours of Weekly 
Instruction 62 2.50 1.24 .00 5.00 —

Discussion 62 2.63 .79 1.40 5.00 .78

Groupwork 65 32.93 15.62 .00 75.00 —

Mixed-Ability Groupwork 65 29.33 16.48 .00 70.00 —

Problem-Solving Groupwork 65 24.30 15.30 .00 70.00 —

Average Reform Activities 61 2.04 .41 1.17 3.00 .64

Time on Task 64 46.79 19.00 23.50 172.50 —

Hands-On 65 29.68 12.76 .00 5.00 —

Seatwork 62 1.66 .96 .50 5.00 .60

Curriculum Coverage

Earth Science 65 3.00 1.30 1.00 6.00 —

Life Science 65 3.13 1.43 1.00 6.00 —

Physical Science 65 2.93 1.23 1.00 6.00 —

Reasoning and Technology 65 2.97 1.38 1.00 6.00 —

Science Content 65 3.00 1.08 1.00 5.88 .82

Kits 64 2.49 .95 1.00 5.63 .84

Teacher Background

Professional Development 64 1.96 .88 1.00 4.29 .91

Experience 65 13.37 10.01 1.00 37.00 —

Experience at Grade 64 6.83 6.37 1.00 25.00 —

Classroom Context

Class Size 64 23.89 5.76 10.00 48.00 —
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Table 3-B.8a
Characteristics of Scales for Instructional Practices, Curriculum Coverage, Teacher Background, 
and Classroom Context for Cohort 5, Year 1

Scale

Year 1

N Mean SD Min Max Alpha

Instructional Practices

Reform-High 67 .00 1.00 –1.94 2.37 .82

Reform-Full 66 .91 .50 .19 2.38 .89

Reform Practices 67 3.86 .43 1.78 4.89 .76

Experiments 62 3.13 .57 1.38 4.00 .83

Hours of Weekly Instruction — — — — — —

Discussion 62 2.56 .65 1.00 3.92 .89

Groupwork 62 22.19 14.52 .60 88.00 —

Mixed-Ability Groupwork 62 14.22 15.99 .00 88.00 —

Problem-Solving Groupwork 62 12.73 14.91 .00 77.00 —

Average Reform Activities — — — — — —

Time on Task 62 54.66 19.33 18.20 109.40 —

Hands-On 62 18.37 12.16 .00 62.00 —

Seatwork 62 2.06 .67 1.00 3.95 .64

Curriculum Coverage

Science Content 67 3.49 .59 1.75 4.94 .45

Sleuths 61 4.13 3.60 .00 20.00 —

Teacher Background

Professional Development 67 2.74 1.02 1.00 5.00 .91

Experience 67 12.34 9.11 1.00 34.00 —

Experience at Grade 67 6.73 6.04 1.00 21.00 —

Science Degreea 67 .79 .91 .00 2.00 —

Classroom Context

Class Size 62 25.03 11.51 4.00 99.00 —

Materials Availability 67 2.45 .36 1.38 3.00 .74

Observations

Deep Understanding — — — — — —

Overall Reform — — — — — —
a Science degree takes on a value of 2 if the teacher holds a major, 1 if the teacher holds a minor, and 0 
otherwise.
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Table 3-B.8b
Characteristics of Scales for Instructional Practices, Curriculum Coverage, Teacher 
Background, and Classroom Context for Cohort 5, Year 2

Scale

Year 2

N Mean SD Min Max Alpha

Instructional Practices

Reform-High 75 .00 1.00 –3.12 1.64 .81

Reform-Full 75 1.17 .52 .26 2.65 .82

Reform Practices 73 3.94 .48 1.89 4.78 .84

Experiments 72 3.37 .60 1.00 4.00 .85

Hours of Weekly Instruction 71 5.14 5.78 2.00 40.00 —

Discussion 72 2.59 .57 1.30 4.20 .66

Groupwork 72 31.33 18.89 .00 90.00 —

Mixed-Ability Groupwork 71 23.28 18.27 .00 90.00 —

Problem-Solving Groupwork 70 23.23 18.81 .00 90.00 —

Average Reform Activities 72 1.95 .34 1.33 2.75 .62

Time on Task 72 55.02 18.79 24.00 95.00 —

Hands-On 72 26.70 16.02 .00 62.50 —

Seatwork 72 2.36 .80 1.00 4.00 .24

Curriculum Coverage

Science Content 72 3.14 .47 2.25 4.00 .39

Sleuths 70 2.59 2.16 .00 8.00 —

Teacher Background

Professional Development 74 3.06 .91 1.29 5.00 .89

Experience 75 9.21 9.03 .00 32.00 —

Experience at Grade 75 5.73 7.39 .00 28.00 —

Science Degreea 75 .99 .93 .00 2.00 —

Classroom Context

Class Size 69 25.01 6.09 6.50 33.00 —

Materials Availability 73 2.50 .36 1.33 3.00 .62

Observations

Deep Understanding 23 2.87 2.07 .00 6.17 .93

Overall Reform 23 2.69 1.93 .00 5.71 .93
a Science degree takes on a value of 2 if the teacher holds a major, 1 if the teacher holds a minor, 
and 0 otherwise.
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Table 3-B.8c
Characteristics of Scales for Instructional Practices, Curriculum Coverage, Teacher Background, 
and Classroom Context for Cohort 5, Year 3

Scale

Year 3

N Mean SD Min Max Alpha

Instructional Practices

Reform-High 68 .00 1.00 –3.10 1.83 .84

Reform-Full 68 1.44 .61 .34 2.77 .90

Reform Practices 68 3.94 .42 2.89 4.67 .75

Experiments 65 2.95 .64 1.50 4.00 .86

Hours of Weekly Instruction 67 5.36 6.00 2.00 40.00 —

Discussion 68 2.41 .82 .60 5.00 .67

Groupwork 68 28.68 13.64 .00 62.50 —

Mixed-Ability Groupwork 67 21.49 16.29 .00 62.50 —

Problem-Solving Groupwork 67 23.37 13.82 .00 62.50 —

Average Reform Activities 68 1.91 .42 1.17 2.83 .60

Time on Task 66 48.13 13.45 28.50 97.00 —

Hands-On 67 27.54 14.84 .00 62.50 —

Seatwork 68 1.99 .97 1.00 4.50 .47

Curriculum Coverage

Science Content 67 3.17 .39 2.20 4.03 .29

Sleuths 66 1.59 1.86 .00 6.00 —

Teacher Background

Professional Development 68 2.80 1.00 1.00 4.86 .89

Experience 67 12.87 10.28 1.00 31.00 —

Experience at Grade 67 8.40 8.34 .00 30.00 —

Science Degreea 68 1.21 .92 .00 2.00 —
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Table 3-B.8c—Continued

Scale

Year 3

N Mean SD Min Max Alpha

Classroom Context

Class Size 68 26.44 6.30 6.50 35.00 —

Materials Availability 68 2.80 .25 2.11 3.00 .75

Observations

Deep Understanding — — — — — —

Overall Reform — — — — — —

a Science degree takes on a value of 2 if the teacher holds a major, 1 if the teacher holds a minor, and 0 
otherwise.
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APPENDIX 3-C

Elements of Reform-Oriented Instruction

Table 3-C.1

Elements of Reform-Oriented Mathematics Instruction

I. Nature of mathematics  (What aspects of mathematics should be emphasized?)
A.  Content/topics
Depth.  Explore fewer topics in greater depth, rather than covering more
topics quickly or superficially.
Complexity.  Explore more-complex problems, rather than only simple
problems that emphasize only one concept or skill.
Breadth.  Emphasize significant, recurring themes in mathematics, rather
than only addressing specific skills.
Relevance.  Select topics that help students connect mathematics to their
own experience and the larger mathematics community, rather than
understanding mathematics as isolated skills or procedures.
Connections within mathematics.  Give more emphasis to the inter-
relatedness of mathematical concepts than to presenting each skill in
isolation.
Integration across subjects.  Apply mathematics in authentic ways in the
context of other subjects, rather than in isolation from other content.
B.  Procedures/processes
Reasoning/problem solving.  Place greater emphasis on reasoning and
problem solving than on operations and computation.

II. Student mathematical thinking (What behaviors of effective student
mathematicians should be fostered?)
Active thinking.  Focus lessons on reasoning processes, rather than only
on obtaining the right answer.
Meta-cognition.  Help students monitor and evaluate their own problem
solving and evolve more-sophisticated mathematical thinking, rather than
leaving thinking procedures unexamined.
Curiosity.  Encourage students to take risks in exploring problem-solving
strategies, rather than only trying the most familiar approach.
Solution process.  Encourage students to identify more than one reasonable
problem-solving strategy: to double-check results, to learn which is more
efficient, and to reveal the underlying mathematics, rather than obtaining
answers in only one way.
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III. Mathematics teaching (How should mathematics be taught?)
A.  Classroom Discourse
Task selection.  Present rich activities (reflecting the content of the
mathematical standards) that challenge students, provoke discussion, and
develop mathematical power, rather than simple tasks that demand only
simple thinking.
Community of practice.  Create an environment where students and the
teacher engage in a dialogue about the mathematical content and processes,
rather than one in which the teacher is the primary source of knowledge
and insight.
Questioning. Emphasize “why” things are done rather than “how” to do
them, to draw out students’ mathematical thinking as a basis for
discussion.
Critical listening and explaining.  Have students critique/explain their
reasoning and the reasoning of others, rather than not engaging in such
analysis.
Representation/communication.  Encourage student to represent and
communicate about mathematics in many ways, rather than only recording
results by writing numbers (e.g., orally or pictorially).  (This helps to
illuminate their mathematical thinking and to relate their ideas to
larger mathematical concepts.)
Progression.  Provide a clear and coherent progression of ideas, rather
than disconnected pieces.
Scaffolding.  Present information and ask questions incrementally, based
on students’ responses, rather than explaining complete procedures.
(This type of support encourages students to continue developing and
refining their mathematical thinking.)
Larger mathematical context.  Foster conversations that address both the
immediate problem in the local context and the larger problem and the
historical mathematical context, rather than only exploring problems
narrowly.  (This relationship between the immediate subject and the larger
mathematical ideas plays out over time.)
B. General Strategies
Assessment.  Use assessments in a variety of formats that reflect the
mathematical content and processes taught, as well as the desired student
mathematical thinking, rather than using one or two limited assessment
formats.
Equity.  Help all students achieve similar understanding by using
alternative instructional strategies and representations when warranted
and by eliciting/presenting multiple ways of solving problems when
appropriate, rather than offering only one way for students to learn or
assuming students learn in a particular way.
Grouping.  Have students work in a variety of groups rather than doing the
bulk of their assignments alone.  (This approach helps students learn to
communicate mathematical ideas and integrate other students’ knowledge and
skills into their own thinking.)
Materials.  Have students use a variety of materials to solve mathematical
problems, rather than just pencil and paper and chalkboard.
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Table 3-C.2

Elements of Reform-Oriented Science Instruction

I. Promoting Scientific Understanding.  Emphasize making sense of scientific
ideas and processes and extracting concepts from what has occurred, rather
than just learning facts and procedures.  Instruction should integrate the
following elements to achieve this goal.

Questioning.  Ask questions that will help students focus on and come to
understand science concepts and the connections among them, rather than
only presenting knowledge.
Scientific habits of mind.  Emphasize scientific thinking (analysis,
reflection), rather than accepting knowledge without question.
Reasoning from evidence. Focus on “how we know” scientific concepts,
rather than accepting knowledge without justification.
Depth of knowledge.  Explore fewer topics in greater depth to encourage
understanding, as opposed to providing limited exposure to a wide variety
of topics.
Inquiry.  Have students participate in scientific exploration in groups,
using real materials rather than just explaining facts and describing
procedures.
Engagement.  Motivate students to participate actively in science learning,
rather than being passive or uninterested.
Relevance.  Connect science to students’ own experiences and perceptions of
the natural world, rather than presenting it in isolation.

II. Students’ Scientific Thinking.  Students should be engaged in activities
that support the development of scientific understanding.  The following
elements foster this development.

Active participation.  Students take an active role in their education by
formulating questions, collecting information, and synthesizing results,
rather than merely reading about or listening to explanations of science.
Communication.  Students discuss scientific ideas, processes, and the
results of their investigations with each other and their teacher (learning
how to reason from evidence, connect ideas to those of others, challenge
ideas, etc.), rather than just reciting facts previously learned from the
teacher or textbook.
Sense of purpose.  Students understand why they are doing each activity and
how it links with target concept being taught, rather than completing
activities as given with no sense of connection.

III. Classroom Practices.  The classroom environment, the structure of
lessons, the organization of students, and the use of materials should be
designed to promote scientific understanding.

Classroom environment. Teacher creates a classroom community that promotes
scientific understanding.  The following elements foster such community.
Scientific discourse. Emphasis is placed on sharing ideas, raising
questions, and revising them, and value is put on sense-making and
thinking, rather than on the completion of tasks and getting right answers.
Role model.  Teachers model values and dispositions associated with
science, such as curiosity, openness, skepticism, and enthusiasm, rather
than fostering a reliance on authority and established sources of
information.
Attend to student ideas. Lessons are planned to address student ideas and
prerequisite ideas needed for understanding, rather than just covering the
topic.
Facilitation.  The role of the teacher includes orchestrating classroom
investigation and discussion so students’ ideas are central, rather than
always being the authority who presents knowledge.
Equity.  Teachers make important and challenging scientific concepts
accessible to all students, not just to select groups of students.
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Guiding student reasoning.  The teacher guides and shapes student
understanding by providing knowledge at the right moment when the student
needs to know it to complete a task.
Lesson structure. Lessons are organized in ways that promote scientific
understanding.
Entry. Lessons begin with provocative thoughts, e.g., students’ questions
or observations, and provide for experimentation or other means of
gathering information, rather than being organized around exposition and
recall of material.
Sequence of sense-making tasks. Teacher involves students in a sequence of
tasks to shape students’ scientific thinking and sense-making about the
question under study (explaining, predicting, describing, analyzing),
rather than in just a set of assignments related to a topic but not
structured to foster scientific understanding.
Closure.  Lessons culminate in conclusions or generalization from evidence,
rather than just finishing an activity or a period of time.
Lesson elements.  Lessons include effective elements to achieve the goal of
scientific understanding.
Topic importance. Units begin with a focus on important problems, issues,
or questions about phenomena that are interesting or familiar to students,
rather than topics chosen for unknown reasons.
Integrated planning. Teacher identifies relevant real-world phenomena and
representations of scientific ideas that match with learning goals and
students’ ideas and experiences, to develop a logical sequence of
instructional activities, rather than just selecting interesting activities
connected to the general topic of study without attention to specific
content.
Grouping.  Teachers organize students in a variety of configurations to
promote social interaction and collaboration as required by the task at
hand (e.g., partners for lab experiments, discussions, or presentations by
groups of four); they do not confine instruction to whole-class or
individual modes.
Assessment.  Teachers use a variety of assessment tools at many points
throughout the process of instruction, both for the purpose of guiding
instruction and for gauging students’ learning, rather than merely
evaluating students’ achievement at the end of instruction.
Materials. Appropriate materials are available and are used.
Nature of materials.  Instructional materials emphasize key science
concepts, take into account likely student knowledge about the content
being addressed and provide opportunities to confront and reconsider
misconceptions.
Access to materials and supplies.  Teachers have access to wide variety of
general instructional materials and consumable supplies, so instruction
does not have to rely solely on textbooks and worksheets.

IV. Teacher Knowledge.  Teachers have necessary content knowledge and
pedagogical content knowledge.

Content knowledge. Teacher has a deep, connected understanding of
scientific facts and concepts and the ways in which they are used in the
real world.
Pedagogical content knowledge. Teacher has extensive knowledge of
strategies for communicating information and developing conceptual
understanding in alternative ways.
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APPENDIX 3-D

Vignette Topics

Table 3-D.1
Vignette Topics in Mathematics, by Cohort and Year

Year Cohort Grade Vignette No. 1 Title Vignette No. 2 Title

1 1 3 Rounding Differences in time

2 1 4 Perimeter and area Two-digit multiplication

3 1 5 Line graphs Comparing fractions with different 
denominators

1 2 6 U.S. standard measurement Dividing by fractions

2 2 7 Ratios Dividing by fractions

3 2 8 Word problems with linear 
relationships

Number patterns and functions

1 3 7 U.S. standard measurement Dividing by fractions

2 3 8 Graphing linear equations Probability

3 3 9 Word problems with linear 
relationships

Number patterns and functions

Table 3-D.2
Vignette Topics in Science, by Cohort and Year

Year Cohort Grade Vignette No. 1 Title Vignette No. 2 Title

1 4 3 Volume (loudness) of sound Sowbugs

2 4 4 Electrical resistance Human heart

2 4 5 Springs pH tolerance

1 5 6 Measuring time Studying an ecosystem

2 5 7 Sound waves Antibiotics

3 5 8 Soil liquefaction Heredity and Punnett squares
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APPENDIX 3-E

Correlations Among Selected Vignettes, Survey, 
Log, and Observational Measures

Table 3-E.1
Correlations Among Selected Vignettes, Survey, Log, and Observational Measures

Measure

Vignette

(1) (2) (3) (4) (5) (6) (7) (8)

Vignette-Based (N = 80)

(1) Reform-High 1.0

(2) Reform-Full .15 1.0

Survey (N = 79)

(3) Reform Practices .51** .15 1.0

(4) Mathematical Processes .47** .08 .46 ** 1.0

Log (N = 79)

(5) Discussion .32* –.01 .32* .45** 1.0

(6) Seatwork .06 –.02 .04 –.03 .13 1.0

Observation (N = 38)

(7) Deep Understanding .09 .55** .08 –.05 .20 .00 1.0

(8) Overall Reform .10 .55** .15 .12 .26 –.06 .91 1.0

* indicates statistical significance at the .05 level.

** indicates statistical significance at the .01 level.
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APPENDIX 4-A

Percentage of Students Who Received Consistently Above-  or 
Below-Median Exposure to Reform-Oriented Teaching

Table 4-A.1
Percentage of Students Who Received Consistently Above- or Below-Median Exposure to Reform-
Oriented Teaching 

Measure Cohort 1 Cohort 2 Cohort 3 Cohort 4 Cohort 5

Reform-High 27 22 36 23 25

Reform-Full 25 25 23 26 25

Reform Practices 26 27 22 25 20

Discussion 22 31 29 25 20

Groupwork 34 31 23 19 28

Mixed-Ability Groupwork 29 28 24 29 26

Problem-Solving Groupwork 31 28 27 26 33

Time on Task 34 32 20 25 47

Seatwork 33 36 12 20 14

Reform Relative to Text 33 30 19 NA NA

Experiments NA NA NA 24 25

Hands-On NA NA NA 27 25

NOTE: NA = not applicable.
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APPENDIX 4-B

Percentage of Students Who Received Consistently Above 
the 75th-Percentile or Below the 25th-Percentile Exposure to 
Reform-Oriented Teaching

Table 4-B.1
Percentage of Students Who Received Consistently Above the 75th-Percentile or Below the 25th-
Percentile Exposure to Reform-Oriented Teaching

Measure Cohort 1 Cohort 2 Cohort 3 Cohort 4 Cohort 5

Reform-High 5 3 8 4 3

Reform-Full 4 4 3 6 3

Reform Practices 6 4 10 6 5

Discussion 3 5 18 4 2

Groupwork 9 8 7 7 2

Mixed-Ability Groupwork 8 13 5 2 3

Problem-Solving Groupwork 7 12 8 7 4

Time on Task 13 8 4 8 9

Seatwork 6 10 6 3 3

Reform Relative to Text 10 7 12 NA NA

Experiments NA NA NA 10 8

Hands-On NA NA NA 7 4





99

APPENDIX 4-C

Model Details Relating Student Achievement 
to Reform-Oriented Practices and Other Factors

Model Structure 

Because the students change teachers over time, traditional hierarchical, linear modeling 
(HLM) methods designed for nested data structures are not appropriate. Fitting these data 
structures requires specialized methods for cross-classified random effects. The modeling 
approach we took is an implementation of the general multivariate linear mixed model pre-
sented by McCaffrey et al. (2004). This approach jointly models the outcomes from years 1 
through 3, expressing student scores as a linear function of overall means, adjustments for 
student background variables and year 0 performance, a function of the teaching practice 
exposure history, a function of unobserved random teacher effects, and residual errors that are 
allowed to be correlated across time within student. The model is given in Equation (4-C.1):

Y X Y Y P1i i
T

i i j i j1 1 11 0 12 0
2

11 1( ) ( , ) (( , )i i1 1

Y X Y Y P2i i
T

i i j i2 2 21 0 22 0
2

21 1( ) ( ( , ) 222 2 21 1 2 12Pj i j i j i( , ) ( , ) ( , )) ( )

(4-C.1)

In each of the equations, i indexes students. Yit is the score for student i in year t, t are 
overall yearly means, and Xi are student covariates, which, as noted, vary by cohort, with coef-
ficients t that are allowed to depend on t. Note that the student characteristics are treated as 
time-invariant (that is, they are not indexed by t). Although some of the variables actually may 
change over time (e.g., Limited English Proficient [LEP] status and free and reduced-price 
lunches [FRL] participation), the fraction of students for which time variation was observed 
was generally less than 1 percent. For such variables, we defined the time-invariant version as 
whether or not the student was ever classified as LEP or ever participated in FRL programs. 
This strategy seemed reasonable, given the fact that so few students exhibited time variation, 

Y X Y Y P3i i
T

i i j i3 3 31 0 32 0
2

31 1( ) ( ( , ) 332 2 33 3

31 1 32

P Pj i j i

j i j i

( , ) ( , )

( , ) ( ,

)

( 22 3 3) ( , ) )j i i



that characteristics such as FRL status are generally used as a proxy for truly stable but unob-
served student characteristics, and that allowing for time variation in the covariates would have 
further complicated the missing-data imputations, because a model for time variation would 
have been required. 

The year 0 scores, denoted by Yi0, and the student characteristics are included as controls 
in the model. The quadratic terms are included to capture observed nonlinear relationships 
between the scales of the year 0 scores (which are from district or state assessments) and the 
scales of the primary SAT-9 outcome variables.

The index j is used for teachers, with the notation j(i,t) used to denote the index j of the 
teacher to whom student i is linked in year t. The key variables of interest are the exposure 
variables Pj, which refer to any one of the various teacher-level variables under consideration 
(e.g., the teaching-practice variables). We examined these variables one at a time in the context 
of the above model. The coefficients st for s ≥ t determine the relationships of these exposures 
to student achievement after controlling for the other variables in the model. st is the effect of 
the exposure experienced in year t on the score in year s. This construction assumes that, each 
year, the effect of exposure to a practice is a linear function of the current and past exposures, 
where the coefficients are allowed to be different for each future year in which a past exposure 
may contribute. It leads to six coefficients parameterizing the effect of exposure history on stu-
dent achievement. 

This linear parameterization subsumes two submodels that might have been considered. 
First, setting st = 0 for t < s obtains a model where current-year exposure affects current-year 
level scores (i.e., scores obtained for a given year). Alternatively, the constraints 11 = 21 = 31 
and 22 = 32 obtain a model in which, after the first year, exposure affects current-year gain 
scores (i.e., the prior-year score subtracted from the current-year score). It is difficult to specify 
a priori which of these two specifications is more realistic. A key advantage of the full six-
parameter specification is that both of these extreme cases are covered, as are more general 
models in which both levels and gains are affected by past and current exposure.

The remaining terms of the model in Equation (4-C.1) capture two types of residual error 
in an effort to achieve more-efficient estimates of the fixed effects and a more honest assessment 
of the standard errors of those estimates. The terms j are random teacher effects modeled as 
independent mean zero normal random variables with variance components that vary by year. 
They are intended to capture systematic deviations of teacher-level mean residuals after con-
trolling for the other variables in the models, which might reflect the effect of an unmeasured 
teacher or classroom variable. Moreover, we allow for the possibility that such effects persist 
into the future, thereby providing a mechanism for modeling residual covariance from current-
year outcomes of students who shared a teacher in the past. 

The coefficients st determine how much a teacher-classroom effect from year t persists in 
years. They are analogous to the terms st, which measure the persistence of the effects of expo-
sure to teaching practices, with the restriction that tt = 1 is required for the parameters to be 
identified. Forcing st = 1 for all s, t, matches the assumptions about teacher-effect accumula-
tion made by the “layered model” of the Tennessee Value-Added Assessment System (Sanders, 
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Saxton, and Horn, 1997). In the current application, in which the role of the random-effects 
structure is primarily to improve estimates of the fixed effects, the additional flexibility pro-
vided by allowing the persistence parameters st to be informed by the data is warranted. 

The final terms of the model are the residual errors it, modeled as mean zero normal 
random variables independent across students, but with an unrestricted covariance matrix (dif-
ferent variances each year and different pairwise correlations) over time within student. This 
helps to capture unobserved student characteristics that affect achievement.

Rather than focus on the estimates of the individual coefficients, we report inferences 
about two functions of the parameters that lend themselves to more-straightforward inter-
pretation. The first function, which we refer to as the “single-year effect” or the “current-
year effect,” captures the average effect of current-year exposure on current-year outcomes. 
It is estimated by ( 11 + 22 + 33)/3. The other function is the three-year cumulative-exposure 
effect, estimated by ( 31 + 32 + 33). This notation is interpreted as the expected difference in 
year 3 standardized scores between two students, one of whom received one-standard-devia-
tion above-average exposure to the particular practice under consideration for three consecu-
tive years, and the other of whom received exactly average exposure for three years.

Estimation

If the data sets are small, then under some restrictions, particularly on the accumulation of the 
teacher random effects, it is possible to estimate the parameters of the model with the nlme 
package (Pinheiro and Bates, 2000) for the R statistical environment (Ihaka and Gentleman, 
1996). The particular methods for doing so are described in Lockwood, Doran, and McCaffrey 
(2003). However, fitting the model in its full generality and achieving the computational effi-
ciency required to fit the model to realistically sized data sets seriously challenges standard 
routines for likelihood inference of mixed models. Alternatively, Bayesian methods have been 
shown to provide a flexible and computationally efficient framework for estimating cross-
classified multiple-membership models, such as the one considered here (Lockwood et al., in 
press). The results reported here are based on a specialized Markov Chain Monte Carlo algo-
rithm developed by Lockwood et al. (in press) and designed for scalable value-added appli-
cations. However, the moderately sized data sets in this study would allow the models to be 
estimated feasibly in the Bayesian modeling software WinBUGS (Spiegelhalter, Thomas, and 
Best, 1999). The results presented here were robust across a range of noninformative prior 
distributions.
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APPENDIX 4-D

Additional Sensitivity Analyses

We conducted several sensitivity analyses to test the robustness of the findings in Chapter Four 
on the relationships between reform-oriented practices and science achievement to different 
sets of assumptions. 

The first sensitivity analysis relaxed the assumption of purely additive effects of exposure 
by allowing interactions between current and past exposures. For example, in the model for 
the year 2 outcome, we added a term for the interaction of exposures in year 1 and year 2; in 
year 3, we added terms for all three two-way interactions, as well as the three-way interaction 
of all three years of exposure. These additional terms produced no substantive changes in esti-
mates of the effects of exposure to teacher-level variables. 

We also explored whether teacher-level predictors and student achievement have differ-
ent relationships with different subgroups of students, including low-achieving and economi-
cally disadvantaged students. We added terms for the interactions between the instructional-
practice variables and student FRL participation, permitting separate estimates of current-year 
and cumulative effects for FRL participants and nonparticipants and subsequent hypothesis 
tests of equality of these effects. 

In a separate but parallel exercise, we interacted the instructional-practice variables with 
an indicator of whether each student appeared to have below-average achievement based on 
the scores available from year 0, and we carried out analogous tests of equality. In neither case 
did we find evidence that the relationships between the teacher-level variables and achievement 
varied across the different student groups. This result provides some evidence against differ-
ential effects of teaching practices on different types of students, but it should be interpreted 
with caution because it is based on examining only two student-level variables that may act as 
a proxy only weakly, or perhaps not at all, for characteristics upon which true interactions may 
operate.

We also considered a collection of models that examined the inferences about the effects 
of instructional practices that were conditional on other teacher-level variables. As noted in 
Chapter Four, it was not feasible to include all teacher-level variables in the model simultane-
ously. Thus, we reestimated the effects of each of the instructional-practice variables, condi-
tioning on a small number of teacher-level variables, in two ways. The first conditioned on 
master’s degree, heterogeneous classroom, and years of teaching experience. These variables 
were considered for all cohorts except Cohort 5, in which we instead conditioned on math 
degree, materials availability, and years of teaching experience. These variables were chosen 



primarily because they tended to have the most pronounced and consistent marginal relation-
ships with the outcomes, making them logical candidates for a sensitivity analysis. An addi-
tional justification is that these variables, particularly the teacher-background characteristics, 
may act as proxies for other unobserved but influential characteristics. The second analysis was 
conditioned on teacher-level aggregate variables of percentage of students participating in FRL 
and percentage of minority students (defined as the percentage of African-Americans plus the 
percentage of Hispanics). Although these variables are included in all models at the individual 
student level, it is possible for there to be teacher-level contextual effects of student composition 
that warrant separate consideration. 

The finding of both of these sensitivity analyses was that the overall trends observed in 
the marginal effects of the instructional-practice variables were also evident in models that 
were conditioned on these two sets of teacher-level factors. There was some tendency for effects 
to be attenuated slightly toward zero, so that negative estimates became less negative and posi-
tive effects became less positive, but this pattern was not entirely consistent. 

Finally, all models to this point have dealt only with variables measured at the student 
and teacher levels. Although we did not have any measured school-level characteristics that 
were of interest to examine in this study, we did consider the effects that ignoring the school-
level clustering might have on the standard errors of our estimates. We examined this issue in 
a simplified hierarchical linear modeling framework that examined only year 3 achievement 
outcomes and their relationships to students’ history of exposure to instructional practice. We 
compared the standard errors of the estimates from a model that included only teacher random 
effects with those from a model that added school random effects as well. The standard errors 
in both models were very similar, which suggests that the fully longitudinal model, which does 
not include school random effects, is producing appropriate standard errors.
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APPENDIX 4-E

Overview of Multistage Imputation Procedures

Our longitudinal analyses required accounting for various kinds of missing data. This appen-
dix presents a framework for the missing data and the multistage process by which missing 
data were imputed. All of the discussion below pertains to a single cohort; the procedure was 
carried out analogously for all cohorts.

Notation

The terms in the equations below are defined as follows:
represents the entire collection of unknown parameters of interest under some statistical 

model, such as coefficients of practice variables and variance components.
yo and ym are, respectively, the observed and missing test scores. Throughout this discus-

sion, we use yo and ym to refer to the test scores on the left-hand side of the model equations—
that is, those test scores that are treated as response variables. The scores from year 0 that are 
used as controls are treated as student covariates.

xo and xm are the observed and missing student-level covariates (including year 0 scores). 
For simplicity, we assume that all student-level covariates are time-invariant. As noted in 
Appendix 4-C, this assumption is not exactly true for a few of the covariates, such as free or 
reduced-price lunch (FRL) status and Limited English Proficient (LEP) status; however, the 
percentage of students with observed time variation on these covariates was extremely small, 
so developing an explicit model for time variation seemed both difficult and unnecessary. 
The general methods discussed below can be adapted to handle time-varying covariates for 
students.

vo and vm are the observed and missing teacher-level variables (such as teaching-practice 
and teacher-background variables).

zo and zm are the observed and missing student-teacher links. That is, an observed link 
is the information that a particular observed student was linked to a particular observed, 
responding teacher in a given year. Missing links occur when the student was not observed in a 
given year (e.g., migrated into or out of the cohort). Missing links also occur when students are 
linked to nonresponding teachers, because we do not observe classroom groupings for teachers 
who did not participate in the study.
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We structure the missing-data issues and solutions in the Bayesian framework, because it 
is most convenient to think of a joint probability distribution of all observed and unobserved 
quantities. In the Bayesian framework, we are interested in the posterior distribution of the 
parameter, given the observed data. For notational convenience, let do = (yo, xo, vo, zo) be all 
of the observed data, so that the desired posterior distribution is p( d0). This observed data 
posterior distribution can be thought of as the complete data posterior distribution (the pos-
terior distribution we would have obtained had all the data been observed) integrated over the 
predictive distribution of the missing data:

p p d d d dm m m m m m m m( ) ( , , , , )d y x v z d y x v z0 0 (4-E.1)

p p d dm m m m m m m m m( , , , , ) ( , , ,y x v z d y x v z d y x0 0 mm m md dv z
(4-E.2)

The first term in the integrand in Equation (4-E.2) is the complete data posterior distribu-
tion, which is averaged over the distribution of the missing data, given the observed data, the 
second term in the integrand. 

A fully Bayesian solution to the missing-data problem would specify a joint distribution 
for the parameters, the missing data and the observed data. Given the complexities of the 
models we fit to the complete data, this fully Bayesian approach was not feasible. Rather, we 
used a more traditional multiple-imputation approach, wherein we sampled hypothetical real-
izations of the missing data from an approximate predictive distribution of the missing data, 
given the observed data (see, e.g., Schafer, 1997). The hypothetical complete data were then 
analyzed with whatever models would be appropriate had the data been fully observed, and the 
resulting inferences were combined over the imputations to account for the uncertainty due to 
the missing information.

Our actual analysis procedure uses a re-expression of Equation (4-E.2). As noted, we 
used specialized software for fitting Bayesian value-added models for our analyses (Lockwood 
et al., in press). That software has built-in capability of carrying out fully Bayesian data aug-
mentation (Shafer, 1997; Gelman et al., 1995) for missing test scores. Thus, our imputation 
procedures need to deal only with (xm, vm, zm); the missing test scores are handled as part of the 
algorithm used to sample the posterior distribution of . That is, it is more convenient for us to 
write the observed data posterior distribution as

(4-E.3)

The innermost integral inside the square brackets is handled by the software, and the 
missing scores are imputed by data augmentation. Thus, the multiple imputation scheme needs 
only to produce samples from p(xm, vm, zm d0), each of which provides a complete realization 
of the data aside from the missing test scores. 

p p d pm m m m m m m( ) ( , , , ) ( , ,d x v z d y x v z0 0 dd x v z
0
)d d dm m m
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We now discuss a strategy for specifying and sampling from p(xm, vm, zm d0). We do so 
by sampling sequentially from p(zm d0), p(xm d0, zm), and p(vm d0, zm, xm). For each cohort, we 
obtained 10 such samples, and all of the inferences that we report are aggregated across these 
samples. (For a subset of the core analyses, we actually used 25 imputed data sets to ascertain 
that inferences obtained from 10 imputed data sets were sufficiently robust.)

Missing Links p(zm d0)

All missing links are to teachers who are unknown and unobserved. That is, in no case is it 
appropriate to assign a missing link for a student to an observed teacher. In the case where we 
have observed scores for a student in a particular year but no teacher link, that student was 
linked to a nonresponding teacher. We thus know the school and grade of the teacher but noth-
ing else other than that he/she did not participate in the study. In the case where the student 
was not in the data set at all for a particular year, it is likely that the student was not enrolled 
in the district during that year, and we know nothing about teachers outside of the district.

To deal with missing links, we need to consider the students’ patterns of observed scores. 
Consider a single student. Because of the longitudinal and cumulative nature of the models we 
will be fitting, any missing links that occur prior to the last observed score for a student (i.e., 
“pre-dropout”) must be assigned. This assignment requirement is because, in order to specify 
the mean structure for the current-year score, we need complete information from prior years. 
However, missing links that occur after the last observed score for a student are irrelevant to 
the desired inferences. For example, if a student has observed links and observed scores in years 
1 and 2, but has neither in year 3, the link in year 3 is irrelevant because the year 3 score is 
unobserved and thus does not need to be reconciled with any exposure to particular teacher 
practices, for example. If the year 3 score were observed but the link missing, we would need 
to assign a link.

This pattern of missing suggests the following strategy, discussed in detail in Lockwood 
et al. (in press). We assign to a “dummy teacher” all missing links that occur after the last 
observed score for a student who has a zero teacher effect. On the other hand, missing links 
that occur prior to the last observed score are assigned to what we call a “pseudo-teacher.” 
Pseudo-teachers are unique to a particular missing link, occurring at the level of year within 
student. With respect to the model, they have all the same qualities as observed teachers, with 
teacher effects and values of all teacher-level covariates (which will need to be imputed later; 
see below). We have found that, in practice, models that assume that the teacher effects of the 
pseudo-teachers share a variance component with the actual observed teachers for that grade 
(and subject) perform better than do models that estimate a separate variance component for 
these effects. Thus, to summarize, missing links will be assigned either to a dummy teacher 
with zero teacher effect or to pseudo-teachers who function as actual teachers.
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Missing Student Covariates p(xm d0, zm)

Recall that we are assuming that the student-level covariates are time-invariant, so that impu-
tation occurs at the level of the student rather than at the student by year. We used the impu-
tation package “norm” for the R statistical environment (R Development Core Team, 2005) 
to do this imputation, which fits a large multivariate normal model to all of the observed data 
and uses that model to predict values of the missing covariates. The small fraction of miss-
ing dichotomous variables is treated continuously and is then rounded back to dichotomous 
values. We fit a joint distribution to all student covariates, their average standardized observed 
score in years 1 through 3, and the averages of the teacher variables to which they are exposed. 
We used this estimated joint distribution to sample missing student covariates from their joint 
predictive distribution, given the observed data.

Missing Teacher Variables p(vm xm, d0, zm)

This is the most difficult set of imputations, because, to be done most effectively, it requires 
two stages. We needed to separate unit nonresponse (pseudo-teachers) from item nonresponse 
(imputing missing teacher variables for the observed, partially responding teachers). Fortunately, 
the item nonresponse is relatively minimal, with only about 5 percent of responding teachers 
not responding completely. For the small amount of item nonresponse that we had, we again 
used the “norm” package to fit a joint distribution of the teacher variables at the teacher level, 
along with classroom aggregates of student scores and demographics. We used samples from 
this joint distribution to fill in plausible realizations of missing-item-level data.

The more difficult part was specifying the entire suite of missing-teacher-level vari-
ables for the pseudo-teachers. Below, we discuss several options, ultimately concluding that a 
hotdeck-imputation (Option 3) method seems most appropriate.

Option 1: Treat unit-level missing data identically as item-level missing data. This seemed 
to be a particularly tenuous strategy, because, for unit nonresponders, we cannot rely on the 
values of other observed teacher-level variables because there are none. The fact that our model-
based estimate of the joint distribution of all teacher-level variables is probably very noisy (since 
there are a large number of variables relative to the number of teachers) may be tolerable when 
imputing a few variables, but might behave erratically when trying to reproduce the entire suite 
of variables for a teacher. Also, we cannot rely on classroom aggregates of student scores and 
demographics, because each missing link has a unique pseudo-teacher. Directly plugging in 
an individual’s student-level covariates as if they were classroom averages would likely tend to 
produce imputations of the teacher-level variables that are too extreme (because the imputa-
tions work just as do regressions and we will be plugging in extreme covariates). The primary 
benefit of this approach is that it attempts to preserve the joint distribution of the teacher-level 
variables.

Option 2: Impute missing teacher variables one at a time. This option is similar to 
Option 1, except that it might be possible to make this approach more stable and result in 
individual teacher-variable imputations that are better. On the other hand, it destroys the cor-
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relation among the individual teacher variables: The resulting vector of teacher variables for 
a pseudo-teacher may look nothing like an actual teacher. Hybrid approaches that include a 
small number of teacher variables in the predictive model for each of the other teacher variables 
are also possible.

Option 3: Hotdeck imputation. This method is used to refer to any one of a variety of ways 
of assigning to each pseudo-teacher (the “recipient”) the entire vector of covariates from an 
observed teacher (the “donor”). It thus preserves the joint distribution of the teacher variables 
by sampling from their empirical joint distribution based on the actual observed teachers. The 
simplest and most naive method of doing this sampling would be pure random assignment. 
More structure could be imposed by restricting assignments to the same grade, school, or 
both, which is potentially misleading because it might underestimate the true variability of the 
unobserved teachers represented by the pseudo-teachers. (Indeed, even if we knew the actual 
grade and school for a missing teacher link, as might be possible in the case of nonrespond-
ing teachers, it may not be prudent to assume that the characteristics of the nonresponding 
teachers are represented by those who responded. This is a problem in general, but potentially 
even more of a problem when we overly restrict the set of teachers who may serve as a donor of 
covariates for a pseudo-teacher.)

A potential disadvantage of this method is that, without additional structure relating 
assignments to test scores, we might attenuate correlations between teacher variables and out-
comes. One way to at least partially sidestep this disadvantage is to choose the donor based 
on the student scores and other student characteristics. That is, teachers who generally teach 
students more like the student in question are preferentially chosen as donors. 

The following is the procedure that we implemented to perform “informed” hotdeck 
imputation. For each real teacher, we calculate the average student characteristics (percent-
ages of various ethnicities, of students participating in free- or reduced-price lunch program, 
of students classified as LEP, etc.), as well as the average standardized test scores for all years of 
students linked to that teacher. For example, for a third-grade teacher, we calculate not only 
the mean test score for students in his/her third-grade class but also the mean test score for 
those same students in other years. This strategy of including these other students is important, 
because most pseudo-teachers requiring a covariate donor do not have an associated observed 
score for that year, but they always have at least one for another year (else the student would 
not be in the analysis at all). In addition to calculating the “mean student profile” for each 
real teacher, we also calculate, using the individual student-level data, separate within-class 
covariance matrices by grade level that roughly quantify the level of within-classroom variance 
around the classroom-level aggregate values. At the end of this stage, for each real teacher j in 
grade g, we have a mean gj and a covariance matrix g. We can use this covariance matrix to 
decide which teachers are most reasonable covariate donors for the pseudo-teacher in question, 
given the values of the available predictors for the associated student. These predictors always 
include the complete set of demographic variables (as these have been imputed in an earlier 
stage, if necessary), as well as at least one test score. For each pseudo-teacher, we drop from the 
joint distributions the test scores that are not observed for the associated student. This leaves us 
with a restricted mean vector *

gj and a covariance matrix *
g for each teacher of the appropriate 

grade. We then use Bayes’ rule and these values to place a probability distribution over the real 
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teachers in grade g, where teachers with larger probabilities indicating that, based on what we 
know about the student in question, these teachers are more likely to have the characteristics 
of the unobserved teacher to whom the student was linked in that year. In particular, Bayes’ 
rule implies that

           (4-E.4)

where j is the index of the real teacher in grade g, and Z is the vector of student-level predic-
tor variables. We assume that all grade g teachers are equally likely to be donors prior to seeing 
the student’s vector of covariates, so that p( j) is a constant that does not depend on teachers. 
Also, p(Z) does not depend on teachers. Thus, p( j Z) p(Z j). We evaluate the right-hand 
side using a multivariate normal density with mean *

gj and a covariance matrix *
g, evalu-

ated at the vector of observed predictors Z for the student. We then renormalize these density 
values to sum to one, which produces a multinomial distribution over the grade g teachers. 
A sample from this distribution provides the covariate donor. We replicate this sampling pro-
cess for each pseudo-teacher, resulting in a complete assignment of donors to recipients for a 
single imputation.
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APPENDIX 4-F

Significance Testing

We fit the model described in Chapter Four separately for each teacher- or classroom-level 
variable. Across all cohorts and outcomes, and including the hypothesis tests for both current 
effects and multiyear cumulative effects, this fitting amounted to almost 500 statistical tests. 
Traditional multiple-comparisons procedures, such as the Bonferroni correction, are overly 
conservative when applied to such a large number of tests; for example, with 500 tests at alpha 
= 0.05, the Bonferroni correction would reject the null hypothesis for only those tests with 
p-values less than 0.05/500 = 0.0001. This strict condition would lead to an unacceptably large 
Type II error rate (i.e., failing to reject a false null hypothesis). 

A recently developed alternative paradigm for dealing with large numbers of parallel 
hypothesis tests is the false discovery rate (FDR) (Benjamini and Hochberg, 1995). Rather 
than allowing an analyst to bound Type I error (the probability of rejecting a true null hypoth-
esis), the FDR allows the analyst to bound the false discovery rate, the expected fraction of 
rejected null hypotheses that is mistakenly rejected (i.e., that are “false discoveries”). The rejec-
tion decision for each hypothesis in the family of tests is a simple function of the rank of the 
p-value of the test, the total number of tests, and the chosen FDR. 

Our assessment of statistical significance was based on applying the FDR procedure using 
an FDR of 0.15, which, in view of the large number of variables being screened in this study, 
seemed a tolerable rate of false discovery. Applying the FDR procedure to all hypothesis tests 
across cohorts, teacher variables, and inferences (current and cumulative) led to adopting a 
statistical-significance cutoff of approximately 0.03; that is, we declare significant those tests 
whose p-values are less than 0.03. This standard was applied to all the models examining the 
relationship between student achievement and instructional-practices, teacher-characteristics, 
curriculum-coverage, and classroom-context variables presented in Chapter Four.
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APPENDIX 4-G

Standardized Coefficients for Scales for Instructional Practice, 
Curriculum Coverage, Teacher Background, and Classroom 
Context (Single-Year Exposure)



Table 4-G.1
Standardized Coefficients for All Scales for Cohort 1 Multiple-Choice Scores 

Scale Lower Estimate Upper
Standard 

Error Significance

Instructional Practice

Reform-High –0.006 0.022 0.05 0.014 0.125

Reform-Full –0.026 0.005 0.035 0.015 0.755

Reform Practices –0.05 –0.018 0.015 0.016 0.284

Reform Relative to Text –0.028 0.004 0.035 0.016 0.825

Mathematical Processes 0.009 0.044 0.079 0.018 0.015

Hours of Weekly Instruction –0.014 0.033 0.08 0.023 0.164

Discussion –0.031 0.002 0.034 0.016 0.917

Groupwork –0.094 –0.055 –0.016 0.019 0.007

Mixed-Ability Groupwork –0.105 –0.067 –0.028 0.019 0.001

Problem-Solving Groupwork –0.093 –0.056 –0.02 0.018 0.003

Average Reform Activities 0.006 0.041 0.076 0.018 0.022

Time on Task –0.018 0.014 0.047 0.016 0.378

Seatwork 0.039 0.069 0.099 0.015 0

Curriculum Coverage

Operations –0.029 0.006 0.041 0.017 0.721

Algebra –0.014 0.021 0.056 0.018 0.242

Teacher Background

Professional Development –0.02 0.014 0.048 0.017 0.404

Experience 0.004 0.036 0.067 0.016 0.026

Experience at Grade –0.009 0.025 0.058 0.017 0.145

Master’s Degree –0.022 0.046 0.115 0.034 0.18

Confidence 0.001 0.058 0.115 0.029 0.047

Classroom Context

Heterogeneous Classroom –0.112 –0.052 0.008 0.031 0.091

Class Size –0.023 0.009 0.04 0.016 0.585
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Table 4-G.2
Standardized Coefficients for All Scales for Cohort 2 Multiple-Choice Scores

Scale Lower Estimate Upper
Standard 

Error Significance

Instructional Practice

Reform-High –0.015 0.002 0.019 0.009 0.811

Reform-Full –0.028 –0.008 0.013 0.01 0.45

Reform Practices –0.017 0.004 0.024 0.01 0.699

Reform Relative to Text –0.003 0.015 0.032 0.009 0.101

Mathematical Processes –0.018 0.004 0.027 0.011 0.694

Hours of Weekly Instruction 0.018 0.04 0.061 0.011 0

Discussion –0.01 0.007 0.024 0.009 0.439

Groupwork –0.061 –0.026 0.009 0.016 0.138

Mixed-Ability Groupwork –0.061 –0.021 0.018 0.019 0.267

Problem-Solving Groupwork –0.046 –0.012 0.021 0.016 0.446

Average Reform Activities –0.028 –0.003 0.022 0.013 0.815

Time on Task –0.009 0.019 0.048 0.014 0.171

Seatwork –0.035 –0.012 0.011 0.011 0.287

Curriculum Coverage

Operations –0.036 –0.013 0.011 0.011 0.278

Algebra –0.047 –0.015 0.018 0.016 0.365

Teacher Background

Professional Development –0.019 –0.003 0.012 0.008 0.669

Experience 0.019 0.039 0.059 0.01 0

Experience at Grade 0.026 0.044 0.063 0.009 0

Master’s Degree 0.015 0.046 0.078 0.016 0.004

Math Degree –0.017 0.025 0.068 0.021 0.234

Confidence –0.013 0.031 0.076 0.022 0.161

Classroom Context

Heterogeneous Classroom –0.069 –0.03 0.008 0.019 0.123

Class Size 0.06 0.077 0.093 0.008 0
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Table 4-G.3
Standardized Coefficients for All Scales for Cohort 3 Multiple-Choice Scores

Scale Lower Estimate Upper
Standard 

Error Significance

Instructional Practice

Reform-High –0.025 0.02 0.065 0.023 0.383

Reform-Full –0.046 –0.009 0.029 0.019 0.643

Reform Practices –0.045 0.002 0.049 0.024 0.927

Reform Relative to Text –0.033 0.004 0.042 0.019 0.828

Mathematical Processes –0.078 –0.026 0.026 0.026 0.323

Hours of Weekly Instruction –0.1 –0.049 0.002 0.026 0.062

Discussion –0.051 –0.014 0.023 0.019 0.445

Groupwork –0.04 –0.003 0.034 0.019 0.889

Mixed-Ability Groupwork –0.056 –0.019 0.018 0.019 0.306

Problem-Solving Groupwork –0.055 –0.019 0.018 0.018 0.313

Average Reform Activities –0.016 0.031 0.077 0.024 0.197

Time on Task –0.012 0.028 0.067 0.02 0.165

Seatwork –0.038 –0.004 0.031 0.018 0.84

Curriculum Coverage

Operations –0.042 0.004 0.051 0.024 0.858

Algebra –0.066 –0.01 0.046 0.028 0.729

Teacher Background

Professional Development –0.035 0.011 0.057 0.023 0.631

Experience 0.003 0.042 0.08 0.02 0.034

Experience at Grade –0.003 0.033 0.069 0.018 0.073

Master’s Degree –0.039 0.039 0.116 0.039 0.323

Math Degree –0.218 –0.138 –0.058 0.041 0.001

Confidence –0.109 –0.003 0.104 0.054 0.962

Classroom Context

Heterogeneous Classroom –0.12 –0.048 0.024 0.037 0.189

Class Size –0.058 –0.017 0.024 0.021 0.407
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Table 4-G.4
Standardized Coefficients for All Scales for Cohort 3 Open-Ended Scores

Scale Lower Estimate Upper
Standard 

Error Significance

Instructional Practice

Reform-High –0.029 0.032 0.092 0.031 0.304

Reform-Full –0.028 0.029 0.086 0.029 0.315

Reform Practices –0.02 0.044 0.108 0.032 0.172

Reform Relative to Text –0.032 0.036 0.104 0.034 0.296

Mathematical Processes –0.044 0.045 0.135 0.045 0.318

Hours of Weekly Instruction –0.177 –0.033 0.112 0.072 0.653

Discussion –0.032 0.029 0.09 0.031 0.351

Groupwork 0.031 0.088 0.146 0.029 0.003

Mixed-Ability Groupwork 0.015 0.081 0.146 0.032 0.016

Problem-Solving Groupwork 0.008 0.072 0.136 0.032 0.028

Average Reform Activities –0.001 0.079 0.159 0.041 0.053

Time on Task –0.045 0.022 0.088 0.033 0.52

Seatwork –0.012 0.038 0.088 0.025 0.134

Curriculum Coverage

Operations –0.048 0.031 0.11 0.04 0.435

Algebra –0.044 0.062 0.168 0.054 0.25

Teacher Background

Professional Development –0.064 0.003 0.069 0.034 0.936

Experience 0.037 0.084 0.132 0.024 0.001

Experience at Grade 0.02 0.09 0.159 0.035 0.012

Master’s Degree –0.112 0.007 0.126 0.06 0.902

Math Degree –0.332 –0.201 –0.07 0.066 0.003

Confidence –0.171 0.003 0.178 0.088 0.97

Classroom Context

Heterogeneous Classroom –0.066 0.059 0.184 0.063 0.35

Class Size –0.047 0.015 0.077 0.031 0.638
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Table 4-G.5
Standardized Coefficients for All Scales for Cohort 3 Procedures Scores 

Scale Lower Estimate Upper
Standard 

Error Significance

Instructional Practice

Reform-High –0.022 0.032 0.086 0.027 0.243

Reform-Full –0.101 –0.054 –0.008 0.024 0.023

Reform Practices –0.078 –0.023 0.032 0.028 0.402

Reform Relative to Text –0.065 –0.015 0.035 0.025 0.559

Mathematical Processes –0.117 –0.047 0.022 0.035 0.183

Hours of Weekly Instruction –0.211 –0.126 –0.04 0.043 0.005

Discussion –0.094 –0.049 –0.005 0.023 0.029

Groupwork –0.092 –0.045 0.002 0.024 0.058

Mixed-Ability Groupwork –0.126 –0.08 –0.033 0.024 0.001

Problem-Solving Groupwork –0.128 –0.085 –0.042 0.022 0

Average Reform Activities –0.078 –0.019 0.041 0.03 0.534

Time on Task –0.061 –0.007 0.047 0.027 0.791

Seatwork –0.098 –0.051 –0.005 0.023 0.03

Curriculum Coverage

Operations –0.076 –0.023 0.03 0.027 0.401

Algebra –0.095 –0.025 0.046 0.036 0.49

Teacher Background

Professional Development –0.048 0.017 0.081 0.032 0.607

Experience –0.044 0.002 0.049 0.024 0.918

Experience at Grade –0.032 0.014 0.059 0.023 0.553

Master’s Degree –0.144 –0.039 0.067 0.053 0.468

Math Degree –0.266 –0.159 –0.052 0.054 0.004

Confidence –0.105 0.04 0.185 0.074 0.585

Classroom Context

Heterogeneous Classroom –0.225 –0.134 –0.043 0.046 0.004

Class Size –0.137 –0.089 –0.041 0.025 0
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Table 4-G.6
Standardized Coefficients for All Scales for Cohort 3 Problem-Solving Scores

Scale Lower Estimate Upper
Standard 

Error Significance

Instructional Practice

Reform-High –0.03 0.005 0.041 0.018 0.764

Reform-Full –0.016 0.02 0.057 0.018 0.267

Reform Practices –0.016 0.026 0.068 0.021 0.22

Reform Relative to Text –0.019 0.017 0.053 0.018 0.359

Mathematical Processes –0.056 –0.005 0.046 0.026 0.843

Hours of Weekly Instruction –0.059 –0.005 0.049 0.027 0.852

Discussion –0.04 –0.003 0.034 0.019 0.863

Groupwork –0.013 0.022 0.056 0.017 0.214

Mixed-Ability Groupwork –0.005 0.029 0.063 0.017 0.091

Problem-Solving Groupwork –0.003 0.031 0.064 0.017 0.07

Average Reform Activities 0.002 0.048 0.095 0.023 0.041

Time on Task 0.01 0.043 0.076 0.017 0.012

Seatwork –0.012 0.019 0.05 0.016 0.228

Curriculum Coverage

Operations –0.028 0.014 0.055 0.021 0.51

Algebra –0.043 0.009 0.061 0.026 0.733

Teacher Background

Professional Development –0.045 –0.002 0.041 0.022 0.934

Experience 0.036 0.077 0.117 0.02 0

Experience at Grade 0.023 0.058 0.092 0.017 0.001

Master’s Degree 0.03 0.105 0.181 0.038 0.007

Math Degree –0.172 –0.098 –0.024 0.038 0.009

Confidence –0.134 –0.028 0.077 0.053 0.592

Classroom Context

Heterogeneous Classroom –0.066 0.005 0.075 0.036 0.896

Class Size –0.022 0.021 0.065 0.022 0.33
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Table 4-G.7
Standardized Coefficients for All Scales for Cohort 4 Multiple-Choice Scores

Scale Lower Estimate Upper
Standard 

Error Significance

Instructional Practice

Reform-High –0.006 0.026 0.058 0.016 0.107

Reform-Full –0.014 0.017 0.049 0.016 0.271

Reform Practices –0.019 0.013 0.046 0.017 0.428

Experiments 0 0.038 0.077 0.019 0.05

Hours of Weekly Instruction –0.064 –0.028 0.008 0.018 0.131

Discussion 0.027 0.064 0.1 0.018 0.001

Groupwork –0.053 –0.02 0.013 0.017 0.239

Mixed-Ability Groupwork –0.052 –0.018 0.016 0.017 0.301

Problem-Solving Groupwork –0.039 –0.008 0.023 0.016 0.603

Average Reform Activities 0.001 0.038 0.075 0.019 0.046

Time on Task –0.032 0.001 0.035 0.017 0.935

Hands-On –0.044 –0.009 0.026 0.018 0.621

Seatwork –0.03 0.01 0.049 0.02 0.63

Curriculum Coverage

Earth Science –0.036 0 0.037 0.018 0.995

Life Science –0.016 0.023 0.063 0.02 0.239

Physical Science –0.044 –0.009 0.027 0.018 0.634

Reasoning and Technology –0.001 0.033 0.068 0.017 0.055

Science Content –0.019 0.016 0.052 0.018 0.366

Kits –0.035 0.001 0.038 0.019 0.938

Teacher Background

Professional Development –0.044 –0.008 0.029 0.018 0.671

Experience –0.012 0.021 0.054 0.017 0.219

Experience at Grade –0.014 0.024 0.061 0.019 0.213

Master’s Degree –0.056 0.014 0.084 0.035 0.689

Confidence –0.069 0.011 0.09 0.04 0.795

Classroom Context

Heterogeneous Classroom –0.02 0.049 0.119 0.035 0.164

Class Size –0.021 0.019 0.059 0.02 0.339
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Table 4-G.8
Standardized Coefficients for All Scales for Cohort 4 Open-Ended Scores

Scale Lower Estimate Upper
Standard 

Error Significance

Instructional Practice

Reform-High –0.027 0.02 0.067 0.024 0.4

Reform-Full 0.016 0.069 0.123 0.027 0.012

Reform Practices –0.034 0.011 0.057 0.023 0.631

Experiments –0.016 0.029 0.074 0.023 0.21

Hours of Weekly Instruction –0.051 0.008 0.067 0.029 0.779

Discussion –0.063 –0.009 0.045 0.027 0.741

Groupwork –0.025 0.029 0.083 0.027 0.293

Mixed-Ability Groupwork –0.019 0.033 0.085 0.026 0.215

Problem-Solving Groupwork –0.032 0.018 0.069 0.026 0.482

Average Reform Activities –0.041 0.013 0.067 0.027 0.632

Time on Task –0.008 0.043 0.094 0.026 0.099

Hands-On –0.031 0.018 0.067 0.025 0.467

Seatwork –0.062 –0.01 0.042 0.026 0.707

Curriculum Coverage

Earth Science 0.011 0.058 0.105 0.024 0.016

Life Science 0.067 0.117 0.167 0.025 0

Physical Science –0.008 0.039 0.086 0.024 0.102

Reasoning and Technology –0.048 0.007 0.061 0.027 0.804

Science Content 0.02 0.068 0.116 0.024 0.005

Kits –0.01 0.039 0.088 0.025 0.12

Teacher Background

Professional Development –0.04 0.011 0.063 0.026 0.663

Experience 0.076 0.121 0.166 0.023 0

Experience at Grade 0.038 0.094 0.149 0.028 0.001

Master’s Degree –0.002 0.111 0.225 0.057 0.055

Confidence –0.107 0.012 0.131 0.06 0.842

Classroom Context

Heterogeneous Classroom 0.004 0.105 0.206 0.051 0.041

Class Size –0.089 –0.033 0.022 0.028 0.236
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Table 4-G.9
Standardized Coefficients for All Scales for Cohort 5 Multiple-Choice Scores

Scale Lower Estimate Upper
Standard 

Error Significance

Instructional Practice

Reform-High –0.007 0.02 0.046 0.013 0.141

Reform-Full –0.012 0.016 0.044 0.014 0.258

Reform Practices 0.009 0.036 0.063 0.013 0.009

Experiments –0.001 0.021 0.044 0.011 0.063

Hours of Weekly Instruction –0.005 0.027 0.059 0.016 0.094

Discussion –0.019 0.002 0.023 0.011 0.874

Groupwork –0.001 0.026 0.053 0.014 0.056

Mixed-Ability Groupwork 0.01 0.036 0.061 0.013 0.006

Problem-Solving Groupwork 0.011 0.037 0.063 0.013 0.006

Average Reform Activities –0.008 0.02 0.047 0.014 0.154

Time on Task –0.042 –0.014 0.014 0.014 0.315

Hands-On 0.016 0.039 0.061 0.012 0.001

Seatwork –0.036 –0.014 0.008 0.011 0.203

Curriculum Coverage

Science Content –0.034 0.003 0.04 0.018 0.861

Sleuths –0.015 0.017 0.048 0.016 0.291

Teacher Background

Professional Development –0.016 0.008 0.031 0.012 0.52

Experience –0.021 0 0.02 0.011 0.979

Experience at Grade 0.006 0.028 0.049 0.011 0.012

Master’s Degree –0.047 0.004 0.054 0.025 0.89

Science Degree 0.034 0.081 0.128 0.024 0.001

Confidence 0.003 0.049 0.096 0.023 0.038

Classroom Context

Heterogeneous Classroom –0.026 0.023 0.071 0.024 0.35

Class Size –0.027 –0.005 0.017 0.011 0.665

Materials Availability 0.009 0.038 0.067 0.015 0.012
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Table 4-G.10
Standardized Coefficients for All Scales for Cohort 5 Open-Ended Scores

Scale Lower Estimate Upper
Standard 

Error Significance

Instructional Practice

Reform-High –0.05 0.015 0.079 0.032 0.649

Reform-Full –0.025 0.034 0.093 0.03 0.259

Reform Practices 0.013 0.077 0.14 0.032 0.019

Experiments 0.052 0.112 0.173 0.031 0

Hours of Weekly Instruction –0.002 0.056 0.114 0.029 0.06

Discussion –0.086 –0.03 0.025 0.028 0.28

Groupwork –0.041 0.028 0.096 0.035 0.431

Mixed-Ability Groupwork –0.037 0.032 0.101 0.035 0.363

Problem-Solving Groupwork –0.027 0.047 0.12 0.037 0.214

Average Reform Activities 0.006 0.057 0.109 0.026 0.028

Time on Task –0.114 0.006 0.125 0.058 0.925

Hands-On –0.003 0.059 0.122 0.032 0.062

Seatwork –0.056 –0.003 0.051 0.027 0.927

Curriculum Coverage

Science Content –0.044 0.042 0.127 0.043 0.337

Sleuths –0.035 0.051 0.136 0.043 0.245

Teacher Background

Professional Development –0.035 0.034 0.102 0.034 0.334

Experience –0.086 –0.031 0.025 0.028 0.278

Experience at Grade –0.063 0 0.063 0.031 0.998

Master’s Degree –0.224 –0.067 0.089 0.078 0.394

Science Degree –0.007 0.133 0.273 0.07 0.063

Confidence –0.038 0.095 0.227 0.067 0.159

Classroom Context

Heterogeneous Classroom –0.047 0.102 0.251 0.074 0.175

Class Size –0.121 –0.057 0.006 0.032 0.077

Materials Availability 0.035 0.125 0.215 0.045 0.007
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APPENDIX 4-H

Standardized Coefficients for Scales for Instructional Practice, 
Curriculum Coverage, Teacher Background, and Classroom 
Context (Cumulative Exposure)
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Table 4-H.1
Standardized Coefficients for All Scales for Cohort 1 Multiple-Choice Scores

Scale Lower Estimate Upper
Standard 

Error Significance

Instructional Practice

Reform-High –0.043 0.026 0.095 0.035 0.46

Reform-Full –0.068 0.001 0.069 0.035 0.982

Reform Practices –0.051 0.027 0.104 0.039 0.494

Reform Relative to Text –0.021 0.05 0.121 0.036 0.169

Mathematical Processes –0.015 0.051 0.118 0.033 0.129

Hours of Weekly Instruction –0.022 0.058 0.139 0.04 0.153

Discussion –0.034 0.055 0.143 0.044 0.22

Groupwork –0.136 –0.053 0.03 0.042 0.208

Mixed-Ability Groupwork –0.167 –0.077 0.012 0.045 0.089

Problem-Solving Groupwork –0.163 –0.069 0.026 0.047 0.149

Average Reform Activities –0.001 0.064 0.129 0.033 0.054

Time on Task –0.04 0.027 0.094 0.034 0.429

Seatwork 0.036 0.104 0.173 0.035 0.003

Curriculum Coverage

Operations –0.09 –0.025 0.039 0.033 0.44

Algebra –0.041 0.02 0.081 0.031 0.526

Teacher Background

Professional Development –0.095 –0.013 0.069 0.041 0.759

Experience –0.071 0.004 0.078 0.038 0.923

Experience at Grade –0.106 –0.034 0.039 0.037 0.36

Master’s Degree –0.139 0.026 0.19 0.082 0.754

Confidence –0.142 0.005 0.152 0.074 0.945

Classroom Context

Heterogeneous Classroom –0.189 –0.049 0.091 0.071 0.492

Class Size –0.071 0.011 0.092 0.041 0.797
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Table 4-H.2
Standardized Coefficients for All Scales for Cohort 2 Multiple-Choice Scores

Scale Lower Estimate Upper
Standard 

Error Significance

Instructional Practice

Reform-High –0.02 0.029 0.078 0.025 0.246

Reform-Full –0.045 0.003 0.052 0.024 0.891

Reform Practices –0.053 –0.006 0.042 0.024 0.811

Reform Relative to Text –0.012 0.034 0.081 0.023 0.145

Mathematical Processes –0.006 0.035 0.076 0.021 0.093

Hours of Weekly Instruction 0.003 0.044 0.085 0.021 0.036

Discussion –0.006 0.041 0.088 0.024 0.089

Groupwork –0.157 –0.097 –0.037 0.03 0.002

Mixed-Ability Groupwork –0.142 –0.084 –0.025 0.029 0.006

Problem-Solving Groupwork –0.133 –0.069 –0.004 0.032 0.038

Average Reform Activities –0.044 0 0.043 0.022 0.991

Time on Task –0.007 0.053 0.114 0.03 0.083

Seatwork –0.118 –0.058 0.002 0.029 0.056

Curriculum Coverage

Operations –0.08 –0.021 0.039 0.03 0.489

Algebra –0.087 –0.029 0.03 0.029 0.332

Teacher Background

Professional Development –0.058 –0.015 0.028 0.022 0.505

Experience 0.006 0.055 0.105 0.025 0.029

Experience at Grade 0.024 0.07 0.117 0.024 0.003

Master’s Degree 0.012 0.1 0.188 0.045 0.026

Math Degree –0.01 0.095 0.201 0.053 0.076

Confidence 0.061 0.177 0.294 0.059 0.003

Classroom Context

Heterogeneous Classroom –0.245 –0.131 –0.017 0.056 0.025

Class Size 0.165 0.214 0.262 0.024 0
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Table 4-H.3
Standardized Coefficients for All Scales for Cohort 3 Multiple-Choice Scores

Scale Lower Estimate Upper
Standard 

Error Significance

Instructional Practice

Reform-High –0.1 –0.006 0.088 0.048 0.9

Reform-Full –0.036 0.059 0.154 0.048 0.225

Reform Practices –0.08 0.024 0.128 0.053 0.647

Reform Relative to Text –0.072 0.031 0.135 0.052 0.55

Mathematical Processes –0.125 –0.044 0.038 0.041 0.295

Hours of Weekly Instruction –0.159 –0.065 0.029 0.048 0.177

Discussion –0.082 0.005 0.092 0.044 0.907

Groupwork –0.125 –0.035 0.055 0.046 0.445

Mixed-Ability Groupwork –0.149 –0.058 0.034 0.046 0.215

Problem-Solving Groupwork –0.18 –0.089 0.002 0.046 0.055

Average Reform Activities 0.037 0.112 0.187 0.038 0.003

Time on Task 0.005 0.101 0.198 0.049 0.04

Seatwork –0.17 –0.077 0.017 0.048 0.108

Curriculum Coverage

Operations –0.072 0.04 0.152 0.057 0.479

Algebra –0.088 0.002 0.092 0.046 0.961

Teacher Background

Professional Development –0.085 0.019 0.122 0.053 0.724

Experience –0.018 0.081 0.18 0.051 0.109

Experience at Grade –0.07 0.009 0.089 0.041 0.817

Master’s Degree –0.294 –0.114 0.066 0.092 0.214

Math Degree –0.384 –0.172 0.039 0.108 0.111

Confidence –0.336 –0.014 0.307 0.162 0.93

Classroom Context

Heterogeneous Classroom –0.274 –0.077 0.119 0.1 0.439

Class Size 0.053 0.148 0.242 0.048 0.002
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Table 4-H.4
Standardized Coefficients for All Scales for Cohort 3 Open-Ended Scores

Scale Lower Estimate Upper
Standard 

Error Significance

Instructional Practice

Reform-High –0.164 –0.045 0.075 0.061 0.463

Reform-Full –0.054 0.055 0.163 0.055 0.321

Reform Practices –0.04 0.091 0.222 0.066 0.171

Reform Relative to Text –0.07 0.054 0.177 0.063 0.394

Mathematical Processes –0.06 0.047 0.153 0.054 0.389

Hours of Weekly Instruction –0.19 –0.047 0.095 0.071 0.507

Discussion –0.087 0.031 0.149 0.059 0.601

Groupwork 0.052 0.154 0.256 0.052 0.003

Mixed-Ability Groupwork 0.046 0.151 0.255 0.053 0.005

Problem-Solving Groupwork 0.017 0.123 0.23 0.054 0.023

Average Reform Activities –0.015 0.082 0.179 0.049 0.098

Time on Task –0.069 0.076 0.222 0.072 0.296

Seatwork –0.087 0.024 0.134 0.056 0.677

Curriculum Coverage

Operations –0.048 0.098 0.243 0.073 0.186

Algebra –0.057 0.054 0.166 0.057 0.339

Teacher Background

Professional Development –0.155 –0.027 0.101 0.065 0.678

Experience 0.012 0.143 0.274 0.066 0.033

Experience at Grade –0.008 0.089 0.187 0.049 0.071

Master’s Degree –0.288 –0.072 0.143 0.11 0.51

Math Degree –0.476 –0.203 0.071 0.138 0.145

Confidence –0.202 0.151 0.504 0.18 0.4

Classroom Context

Heterogeneous Classroom –0.236 –0.002 0.231 0.118 0.983

Class Size –0.018 0.098 0.214 0.059 0.097
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Table 4-H.5
Standardized Coefficients for All Scales for Cohort 3 Procedures Scores

Scale Lower Estimate Upper
Standard 

Error Significance

Instructional Practice

Reform-High –0.1 0.02 0.14 0.061 0.745

Reform-Full –0.131 –0.014 0.103 0.059 0.818

Reform Practices –0.145 0 0.145 0.073 1

Reform Relative to Text –0.194 –0.069 0.056 0.064 0.277

Mathematical Processes –0.183 –0.084 0.014 0.05 0.093

Hours of Weekly Instruction –0.338 –0.198 –0.058 0.07 0.006

Discussion –0.16 –0.043 0.075 0.059 0.472

Groupwork –0.2 –0.083 0.034 0.059 0.164

Mixed-Ability Groupwork –0.282 –0.155 –0.027 0.064 0.018

Problem-Solving Groupwork –0.298 –0.183 –0.069 0.058 0.002

Average Reform Activities 0.014 0.111 0.207 0.049 0.025

Time on Task –0.065 0.068 0.201 0.068 0.315

Seatwork –0.238 –0.127 –0.017 0.056 0.024

Curriculum Coverage

Operations –0.04 0.092 0.224 0.067 0.171

Algebra –0.091 0.017 0.126 0.055 0.754

Teacher Background

Professional Development –0.101 0.06 0.222 0.081 0.459

Experience –0.096 0.022 0.139 0.06 0.719

Experience at Grade –0.148 –0.055 0.038 0.047 0.241

Master’s Degree –0.652 –0.412 –0.171 0.121 0.001

Math Degree –0.318 –0.036 0.246 0.143 0.801

Confidence –0.415 0.008 0.431 0.214 0.969

Classroom Context

Heterogeneous Classroom –0.571 –0.31 –0.049 0.131 0.02

Class Size –0.097 0.025 0.146 0.061 0.688
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Table 4-H.6
Standardized Coefficients for All Scales for Cohort 3 Problem-Solving Scores

Scale Lower Estimate Upper
Standard 

Error Significance

Instructional Practice

Reform-High –0.123 –0.041 0.041 0.042 0.323

Reform-Full 0.025 0.109 0.192 0.042 0.011

Reform Practices –0.012 0.088 0.187 0.05 0.083

Reform Relative to Text –0.042 0.057 0.156 0.05 0.259

Mathematical Processes –0.074 0 0.073 0.037 0.993

Hours of Weekly Instruction –0.078 0.013 0.104 0.046 0.775

Discussion –0.051 0.032 0.115 0.042 0.45

Groupwork –0.07 0.015 0.099 0.043 0.735

Mixed-Ability Groupwork –0.03 0.053 0.137 0.043 0.212

Problem-Solving Groupwork –0.071 0.017 0.105 0.045 0.707

Average Reform Activities –0.011 0.065 0.141 0.038 0.092

Time on Task 0.073 0.157 0.241 0.043 0

Seatwork –0.13 –0.038 0.053 0.046 0.41

Curriculum Coverage

Operations –0.127 –0.024 0.079 0.053 0.653

Algebra –0.091 0.001 0.094 0.046 0.977

Teacher Background

Professional Development –0.135 –0.037 0.062 0.05 0.464

Experience 0.036 0.14 0.244 0.053 0.009

Experience at Grade –0.025 0.061 0.147 0.043 0.162

Master’s Degree –0.041 0.133 0.306 0.088 0.133

Math Degree –0.433 –0.252 –0.07 0.092 0.007

Confidence –0.411 –0.126 0.159 0.143 0.382

Classroom Context

Heterogeneous Classroom –0.107 0.091 0.289 0.1 0.365

Class Size 0.089 0.188 0.287 0.05 0
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Table 4-H.7
Standardized Coefficients for All Scales for Cohort 4 Multiple-Choice Scores

Scale Lower Estimate Upper
Standard 

Error Significance

Instructional Practice

Reform-High –0.092 –0.002 0.088 0.045 0.965

Reform-Full –0.008 0.065 0.139 0.037 0.082

Reform Practices –0.145 –0.069 0.008 0.039 0.077

Experiments –0.074 0.003 0.081 0.039 0.932

Hours of Weekly Instruction –0.088 –0.025 0.037 0.032 0.423

Discussion –0.118 –0.041 0.036 0.039 0.299

Groupwork –0.035 0.038 0.112 0.037 0.306

Mixed-Ability Groupwork –0.028 0.043 0.115 0.036 0.235

Problem-Solving Groupwork –0.051 0.023 0.096 0.037 0.542

Average Reform Activities –0.06 –0.001 0.058 0.03 0.97

Time on Task –0.029 0.043 0.115 0.037 0.24

Hands-On –0.014 0.061 0.135 0.038 0.108

Seatwork –0.056 0.03 0.115 0.043 0.495

Curriculum Coverage

Earth Science –0.061 0.019 0.1 0.041 0.638

Life Science –0.013 0.059 0.13 0.036 0.107

Physical Science –0.04 0.034 0.109 0.038 0.363

Reasoning and Technology –0.066 0.011 0.088 0.039 0.784

Science Content –0.035 0.04 0.115 0.038 0.291

Kits –0.092 –0.01 0.072 0.041 0.805

Teacher Background

Professional Development –0.126 –0.052 0.021 0.037 0.161

Experience 0.055 0.124 0.194 0.035 0

Experience at Grade 0.027 0.098 0.17 0.037 0.007

Master’s Degree –0.023 0.125 0.273 0.075 0.096

Confidence 0.033 0.207 0.381 0.088 0.02

Classroom Context

Heterogeneous Classroom –0.091 0.061 0.213 0.077 0.429

Class Size –0.059 0.033 0.124 0.046 0.482
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Table 4-H.8
Standardized Coefficients for All Scales for Cohort 4 Open-Ended Scores

Scale Lower Estimate Upper
Standard 

Error Significance

Instructional Practice

Reform-High –0.007 0.1 0.207 0.054 0.067

Reform-Full 0.042 0.146 0.25 0.052 0.006

Reform Practices –0.12 –0.012 0.095 0.054 0.823

Experiments 0.011 0.108 0.206 0.049 0.03

Hours of Weekly Instruction –0.077 –0.001 0.074 0.039 0.973

Discussion –0.064 0.048 0.161 0.056 0.396

Groupwork 0.055 0.145 0.235 0.046 0.002

Mixed-Ability Groupwork 0.023 0.111 0.199 0.045 0.014

Problem-Solving Groupwork –0.02 0.066 0.152 0.044 0.131

Average Reform Activities –0.078 0.012 0.102 0.045 0.796

Time on Task –0.012 0.081 0.173 0.047 0.087

Hands-On 0.013 0.105 0.196 0.047 0.025

Seatwork –0.211 –0.111 –0.011 0.051 0.03

Curriculum Coverage

Earth Science –0.01 0.09 0.19 0.05 0.077

Life Science 0.044 0.143 0.242 0.05 0.005

Physical Science –0.019 0.09 0.199 0.054 0.104

Reasoning and Technology –0.047 0.059 0.165 0.054 0.274

Science Content 0.006 0.112 0.218 0.053 0.038

Kits 0.026 0.114 0.202 0.045 0.011

Teacher Background

Professional Development –0.116 –0.004 0.108 0.056 0.94

Experience 0.123 0.216 0.308 0.047 0

Experience at Grade 0.159 0.254 0.348 0.048 0

Master’s Degree 0.16 0.347 0.533 0.095 0

Confidence –0.042 0.201 0.445 0.122 0.103

Classroom Context

Heterogeneous Classroom 0.014 0.221 0.427 0.105 0.037

Class Size –0.037 0.078 0.193 0.058 0.181

Standardized Coefficients for Scales for Cumulative Exposure for Instructional Practice    133



Table 4-H.9
Standardized Coefficients for All Scales for Cohort 5 Multiple-Choice Scores

Scale Lower Estimate Upper
Standard 

Error Significance

Instructional Practice

Reform-High –0.017 0.062 0.14 0.038 0.118

Reform-Full –0.071 0.006 0.083 0.038 0.875

Reform Practices 0.037 0.111 0.185 0.037 0.004

Experiments –0.024 0.037 0.098 0.031 0.227

Hours of Weekly Instruction –0.042 0.027 0.096 0.034 0.439

Discussion –0.074 –0.019 0.036 0.028 0.5

Groupwork –0.029 0.039 0.108 0.035 0.261

Mixed-Ability Groupwork –0.019 0.046 0.111 0.033 0.162

Problem-Solving Groupwork 0.009 0.079 0.149 0.035 0.027

Average Reform Activities –0.002 0.054 0.109 0.028 0.06

Time on Task –0.147 –0.06 0.027 0.043 0.169

Hands-On 0.017 0.084 0.151 0.034 0.014

Seatwork –0.105 –0.05 0.006 0.028 0.078

Curriculum Coverage

Science Content –0.064 0.035 0.133 0.048 0.475

Sleuths –0.012 0.075 0.163 0.043 0.088

Teacher Background

Professional Development –0.042 0.02 0.082 0.031 0.527

Experience –0.025 0.03 0.085 0.028 0.286

Experience at Grade 0.007 0.065 0.124 0.029 0.028

Master’s Degree –0.141 0.003 0.147 0.072 0.968

Science Degree 0.06 0.194 0.328 0.067 0.005

Confidence 0.039 0.158 0.277 0.06 0.01

Classroom Context

Heterogeneous Classroom –0.162 –0.036 0.09 0.063 0.572

Class Size –0.017 0.043 0.103 0.03 0.158

Materials Availability 0.059 0.144 0.229 0.043 0.001
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Table 4-H.10
Standardized Coefficients for All Scales for Cohort 5 Open-Ended Scores

Scale Lower Estimate Upper
Standard 

Error Significance

Instructional Practice

Reform-High –0.071 0.01 0.091 0.04 0.806

Reform-Full 0.049 0.128 0.207 0.039 0.002

Reform Practices 0.062 0.144 0.225 0.041 0.001

Experiments 0.08 0.157 0.234 0.039 0

Hours of Weekly Instruction –0.027 0.04 0.108 0.034 0.238

Discussion –0.061 0.009 0.079 0.035 0.795

Groupwork –0.007 0.071 0.149 0.04 0.076

Mixed-Ability Groupwork 0.009 0.091 0.172 0.041 0.03

Problem-Solving Groupwork 0.012 0.095 0.178 0.042 0.025

Average Reform Activities 0.001 0.061 0.121 0.03 0.047

Time on Task –0.104 0.02 0.143 0.06 0.742

Hands-On 0.027 0.1 0.174 0.037 0.008

Seatwork –0.025 0.041 0.107 0.034 0.227

Curriculum Coverage

Science Content 0.042 0.142 0.241 0.05 0.006

Sleuths –0.012 0.083 0.178 0.048 0.085

Teacher Background

Professional Development –0.061 0.02 0.1 0.04 0.63

Experience –0.059 0.006 0.072 0.033 0.848

Experience at Grade –0.047 0.026 0.099 0.036 0.479

Master’s Degree –0.174 0.001 0.175 0.087 0.993

Science Degree –0.046 0.118 0.282 0.082 0.154

Confidence –0.006 0.151 0.309 0.079 0.059

Classroom Context

Heterogeneous Classroom –0.1 0.068 0.236 0.084 0.422

Class Size –0.087 –0.008 0.071 0.04 0.84

Materials Availability 0.093 0.193 0.293 0.05 0
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