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Mosaic II

Introduction

Recent large-scale efforts to improve mathematics and science education have focused on

changing teachers’ instructional practices to be more aligned with the teaching standards put

forth by professional organizations such as the National Council of Teachers of Mathematics

or the American Association for the Advancement of Science.  These national organizations,

as well as other local reform efforts, advocate an approach to mathematics and science

instruction that places less emphasis on the acquisition of discrete skills and factual

knowledge, and greater weight on conceptual understanding, inquiry, and application and

communication of mathematical or scientific ideas (National Research Council, 1996;

American Association for the Advancement of Science, 1993; National Council of Teachers

of Mathematics, 1989; 2000).  This approach, commonly referred to as reform-oriented or

standards-based instruction, is intended to engage students as active participants in their own

learning and to promote the development of complex cognitive skills and processes.

Although advocates of this approach do not dispute the importance of computational skills

and factual knowledge, they argue that traditional curricula have often emphasized these

outcomes to the exclusion of more complex problem-solving and reasoning skills, and as a

result, students are often poorly prepared for careers that require the use of higher-level

mathematics and science skills and knowledge.

Attempts to measure implementation of standards-based approach have relied primarily on

teacher reports of the frequency with which they use specific practices such as cooperative

learning groups, inquiry-based activities, manipulatives, and open-ended assessment

techniques.  Several large-scale surveys have used this method of measuring instructional

practice.  The National Assessment of Educational Progress (NAEP), for example, asks

teachers to report how often they have students work with objects, solve problems with other

students, and write about mathematics.  Similar items appear on other national surveys such

as the Teacher Follow-up Survey (TFS: 94-95), the National Education Longitudinal Study

(NELS:88), and the Early Childhood Longitudinal Study (ECLS).  International surveys such

as the Third International Mathematics and Science Study (TIMSS) also use similar types of

frequency-based survey questions to assess standards-based instruction.

Although research shows that many teachers have begun to incorporate these approaches in

their classrooms (Kim, Crasco, Blank, & Smithson, 2001), the evidence supporting the use of

these practices in mathematics and science is relatively weak.   Studies that have examined

the relationship between student achievement and teachers’ reports of the frequency with

which they engaged in reform-based instruction suggest that these practices may contribute to

student achievement, but in most cases, the effects appear to be quite small.  Cohen and Hill

(1998) studied teacher-reported use of several practices consistent with the 1992 California

Mathematics Framework, which were quite similar to those described above, and found that

the frequency of use was positively related to scores on the California Learning Assessment

System (CLAS) mathematics test.  Mayer (1998) observed small positive or null relationships

between reform-based practices and student scores on a standardized multiple-choice test.

Similar results are described in studies by Stein and Lane (1996) in mathematics and by

Smerdon, Burkam, and Lee (1999) in science.  A synthesis of data from eleven NSF-funded
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Systemic Reform Initiatives found a mixture of null and small positive results on both

multiple-choice and open-response assessments (Klein et al., 2000).  Finally, Wenglinsky

(2000) reported fairly substantial relationships between a set of reform-based practices and

student achievement on NAEP.

The small effects may be partially attributable to inadequate measurement of reform-based

instruction.  There is currently little evidence regarding the extent to which measuring the

frequency of reform-oriented practices accurately captures what teachers do in the

classrooms.  The few studies that have systematically examined the accuracy of survey and

log responses as measures of curriculum or teaching practices have yielded a mixture of

encouraging and discouraging results.  Smithson and Porter (1994) observed small to

moderate correlations between survey responses of instructional activities and teacher logs

describing actual lessons (see also Porter, Kirst, Osthoff, Smithson, & Schneider, 1993).

Given the differences in purpose, timing, and response options between the two measures,

they concluded that teachers were fairly consistent in their answers.   Burstein et al. (1995)

also found that teacher survey and log responses were relatively similar.  However, they noted

that teachers’ survey responses to fine-grained judgments of frequency of instructional

practices were not entirely accurate.  Mayer (1999) compared information obtained from

surveys to information collected from classroom observations.  He concluded that survey data

were able to distinguish low-reform from high-reform teachers, but that they failed to reveal

some important differences in how practices were implemented.

This latter finding may be particularly relevant to understanding the small relationship

between reform-oriented teaching and student achievement that has often been observed.

Research has shown that many teachers report frequent engagement in reform-oriented

activities, but their teaching is substantively more reflective of low-reform pedagogy (Cohen,

1990; Ingle & Cory, 1999; Mayer, 1999; Weiss, 1997).  In other words, two teachers may use

reform practices in vastly different ways, yet report the same amount of time engaged in

standards-based instruction.   This may mean that the weak relationship between standards-

based instruction and achievement might stem from differences in implementation by teachers

(which is not captured by frequency-based survey responses) as opposed to an ineffectiveness

of reform-oriented approaches per se.

The primary purpose of this paper is to develop methods of assessing aspects of reformed

teaching that may not be well captured by frequency-based measures.  Specifically, we

explore several methods of creating measures that assess teachers’ intentions to teach in a

particular manner, with the assumption that intentions are somewhat indicative of actual

practices.   To assess intentions, we present teachers with “scenarios” that contain descriptive

vignettes of realistic classroom settings and events and ask teachers to indicate how they

would respond in each setting.  The validity of these scenario-based measures that aim to

capture teachers’ intent is evaluated by examining their correspondence to several other

reform measures traditionally used in studies of standards-based instruction, including

classroom observations and teacher reports about frequency of reformed approaches.

This paper is part of Mosaic II, a longitudinal project that builds on an earlier study (Klein et

al., 2000) in which frequency-based measures of reform were used to assess the relationships
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between student achievement and reform-oriented practices during one academic year.

Mosaic II extends the earlier work by following students over a three-year period instead of a

single year, and by including innovative methods for measuring instructional practice.  Both

of these changes should provide greater sensitivity and better opportunity to examine

relationships between instructional practices and student achievement.

Methodology

In examining instructional practices, we used several different methods of data collection,

namely teacher surveys, logs, observations, and interviews.  During the second year of the

study, surveys, logs, and observations were developed fully enough to be used on a non-

developmental basis.  However, we are still analyzing the interview responses to assess their

value in informing teachers’ tendency to use reform-oriented practices.

Although each method is designed to give some indication of the extent to which teachers

engage in standards-based instruction, they provide different information about various

aspects of reform-oriented teaching.  Below, we describe the purpose of each of the data

collection activities, and the kinds of information gathered.  Ultimately, all measures derived

from the different methods will be used to evaluate the validity of our scenario-based

measures of intent to engage in reformed approaches.

Measures

Teacher Survey.  The purpose of the survey was to collect information about teacher
background, curriculum, and general teaching practices.  There were items about teacher
qualifications, teacher participation in professional development, curricular materials used,
curricular content coverage, student assessments, and the frequency with which teachers
engaged in various instructional activities, many of which were reform-oriented.  (i.e.,
inquiry-based).  Most of the questions regarding the frequency of activities used a 5-point
Likert scale, where teachers’ responses could range from 1 (“never use this practice”) to 5
(“engage in this practice almost daily”).  Survey questions similar to these have been used
extensively in prior research on mathematics and science instructional practices (Klein et al.,
2000; Weiss, Montgomery, Ridgway, & Bond, 1998)

We created separate surveys for mathematics and science teachers, but many of the items

were identical across subjects.  Surveys were drafted for each grade based on subject.  During

the second year of the study, this translated to surveys for fourth-grade mathematics, fourth-

grade science, seventh-grade mathematics, seventh-grade science and eighth-grade

mathematics.  These were pilot tested locally and, by telephone, with teachers in our project

study sites.  (The fourth-grade mathematics and seventh-grade science surveys are reproduced

in Appendix A and B, respectively).

An important feature of our survey was the inclusion of  “scenario” based items that were

designed to capture teachers’ intentions to teach in reform-oriented manners.  Scenarios were
created specific to the grade level and subject matter of each site and were based on the
curriculum used in each school district.   All scenarios were based on a common template that
identified the facets to be included in each one.  The template also specified which facets were
kept consistent from one scenario to the next and which would be allowed to vary.   Table 1
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lists the facets of each scenario.  The scenarios are included as part of the survey (see

Appendix A and B for examples of fourth-grade mathematics and seventh-grade science

scenarios).

Table 1.  Facets of the Scenarios

Facet Description

Instruction Briefly explains the structure of the scenario-based

items and the procedure respondents should follow to

answer them.

Context Establishes an overall curricular setting for the four

applied instructional problems. The desired curriculum

focus is a new instructional unit or series of lessons

lasting approximately one week.

Applied Instructional Problem (1-4) There are four applied instructional problems:

Introducing the Lessons, Student Error, Differing

Explanations, and Learning Objectives

Options The options range from less reform-oriented (e.g.,

demonstrate for students how to solve the problem) to

more reform-oriented (e.g., pose an engaging problem

to motivate the lesson).

Response Categories For each option there are four response categories

ranging from very unlikely to very likely

The context established the curricular setting for the scenarios by specifying the topic, length,

and purpose of the intended instructional unit.  The context also described the content of prior

instructional units or lessons, as well as the experiential background of the students (e.g., what

the students have learned about the topic).   Typically, the most common and extensively

covered topics were selected for the identified grade level in the participating districts.  For

example, the fourth-grade mathematics scenarios focus on area and perimeter and two-digit

multiplication.  For seventh-grade science, the scenarios focus on sound waves and

antibiotics.

Each scenario presented the teachers with four applied instructional problems.  The first

problem focused on the manner in which the teacher would introduce a new unit.  The second

problem dealt with how the teacher responds to mistakes from students.  The third problem

asked how the teacher responds to students who give two different approaches or

explanations, both of which are correct or plausible.  The final problem asked teachers about

their emphasis on different learning objectives.

Teachers were provided with a set of options that indicated how they were most likely to

respond in each situation.   The options were designed to capture an array of responses,

ranging from less reform-oriented to more reform-oriented behaviors.  Each of the response

options was reviewed by our expert panel, pilot tested, and revised for clarity and realism.

Teachers were instructed to read each option rate the likelihood that they would react to the
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situation in the manner described.  They were told to rate each option independently of the

others on a four-point scale from ”very unlikely” to very likely.”

In mathematics, teachers responded to two scenarios that were designed to be “parallel” in the
sense that they presented identical instructional problems but in different mathematical
contexts.   In science, teachers also responded to two scenarios, but the scenarios were not
fully parallel, as one focused on an observational unit whereas the other focused on an
experimental unit.  However, the first and fourth instructional problems in science were
designed to be “parallel” across the two units, touching upon similar instructional activities
and objectives, and the third and fourth instructional problems were intended to measure
similar constructs.  Thus, the two science scenarios are not as similar to each other as are the
two mathematics scenarios, but the science scenarios are nevertheless comparable.

To assist us with the development of these scenarios, we convened an expert panel of

mathematics and science educators to refine our understanding of reform-oriented practice, to

develop an operational definition of reform-oriented instruction in behavioral terms, and to

help us develop the intentions-based measures of reform-oriented instruction.  After many

discussions through meetings, conference calls, and email correspondences, we developed

taxonomies of standards-based, reform-oriented curriculum and instruction in each subject.

These taxonomies listed 20 to 25 elements or dimensions that characterized reform-oriented

practice, and served as a basis for instrument development.  (The descriptions of the

mathematics and science dimensions are contained in Appendix C and D, respectively).  With

the help of the expert committee who clearly delineated what the presence or absence of each

element would look like in the classroom, we translated the taxonomies into behavioral

statements that served as operational definitions of each element.  These behavioral

statements served as a guide when developing each of the instructional problems described

above.

Teacher Logs.  The logs were designed to capture behaviors that were likely to occur each
day.  Teachers indicated whether certain activities occurred and how much time was spent on
selected behaviors. The scales used in the logs were different from the scales used in the
surveys, focusing on a specific lesson rather than a larger unit of time, like the whole school
year.

Although the focus of the logs was on instructional practices (and specifically on how much
class time was spent on various activities), there were also items asking about the purpose of
the lesson, the materials used, the number of students and aides who were present, the length
of the lesson, and the amount of lesson time that was lost due to disruptions.  Most of the
items regarding instructional practices used a Likert scale, where teachers’ responses could
range from 1 (e.g., “none”) to 5 (e.g., “21 minutes or more”).  In a few instances, we used a 3-
point Likert scale where teachers could indicate that a reform-oriented practice did not occur,
occurred once or twice, or occurred three or more times.  The remaining items on the logs
were brief open-ended items.   A copy of the mathematics and science log is included in

Appendix E and F, respectively.
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Classroom observation protocol.  The primary goal of the classroom observations was to
validate information obtained from the teacher logs and surveys.  We also wanted an
independent measurement of the extent to which teachers used reform-based practices in their
classrooms.  Thus, the observational protocol we developed consisted of a set of items that
asked the observers to focus on classroom activities included in the logs and surveys and a set
of activities that were indicative of reform-based instructional practices.

Reflecting elements from the taxonomies of standards-based instruction that were thought to
be readily observable key indicators of reformed practices, the observation protocol consisted
of 16 to 17 dimensions.  The dimensions encompassed a range of reform-based practices such
as the degree of emphasis on reasoning and conceptual understanding, the nature of student
groupwork and dialogue, the type of teacher questions, the level of connections to other topics
and disciplines, and the structure of the lesson.  Additionally, to provide context for the
observed lesson, we noted the level of student engagement and estimated the percent of
students who appeared to understand the material being taught.  The mathematics observation
protocol is provided as Appendix G and the science observation scale is provided as
Appendix H.

Observers determined whether each dimension was implemented in a high, medium, or low
manner, and provided a written justification for the evaluation.  The observation protocol
provided observers with benchmark descriptions as well as examples of the kinds of teacher
behaviors that would be considered an instance of high, medium, or low implementation.  To
learn how to use the protocol, observers underwent several training sessions in which they
observed local teachers and screened videotapes of lesson plans.  Using a 0 to 8 scale where 0
denoted low-reform and 8 denoted high reform, observers rated teachers with respect to each
of the dimensions, and provided a holistic rating of their impression of the overall
reformedness of the lesson.

Teacher interview protocol.  The main purpose of the teacher interviews was to identify
characteristics of teachers that might be highly correlated with a set of instructional practices.
Thus, we asked teachers about their philosophy toward how students learn
mathematics/science best and the kinds of mathematics/science learning objectives they had
for students, both generally as well as for the particular lesson observed.  We also asked how
the topic was introduced, the purpose of the observed lesson, and how the particular lesson fit
into the overall unit.  Because we were only able to observe each classroom once, we asked
teachers if the lesson observed was typical of most lessons.

Data Collection

School Sampling.  Three school districts that were implementing NSF-sponsored Local

Systemic Change (LSC) projects participated in this study. LSC projects are district-level

activities that focus on the professional development of teachers.  LSC projects implement

instructional materials that are recognized as exemplary and are consistent with standards for

content and pedagogy.1  Students from these school districts have been grouped into five

cohorts based on school district, grade level and subject content and their student achievement

                                                  
1
 Information on the LSC project can be found at  http://teech-lsc.terc.edu/what.cfm?mem=62
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data is being tracked for three years.   Their student achievement data is being tracked for

three years and the instructional practices data from their teachers are being collected for each

of those years.  The districts and grade/subject combinations were chosen to meet several

criteria, including an established record of teacher participation in reform-related professional

development, a willingness to administer student achievement tests as well as the instructional

practice measures, and the availability of a data system that would allow us to track individual

students over time and link students to their math or science teachers.  The sample includes

two cohorts for middle school mathematics, and one each for elementary mathematics,

elementary science, and middle school science (see Table 2).

Table 2.  Description of Participating Cohorts for the Second Year
Student Cohorts School District Subject Grade Number of Participating Schools

Cohort 1 District 1 Mathematics Grade 4 20

Cohort 2 District 1 Mathematics Grade 8 13
Cohort 3 District 2 Science Grade 4 21

Cohort 4 District 2 Mathematics Grade 7 37

Cohort 5 District 3 Science Grade 7 26

School samples needed to provide a sufficient number of teachers to ensure adequate
statistical power for detecting a nonzero correlation between instructional practices and test
scores.  Our aim in selecting schools was to maximize variability on teaching practices among
the sampled teachers.

Teacher Surveys and Logs.  Surveys and logs were administered to all teachers in a school
teaching the targeted subject and grade level.  Teachers were also asked to keep a two-day log
of classroom activities including several examples of student work.  Table 3 indicates the total
number of teachers per subject-grade combination, and the number of teachers who responded
to either the surveys or the logs.
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Table 3. Teacher Response Rate for the Second Year
District Grade and Subject Total Teachers Number of Participating

Teachers

Response Rate

1 4
th

 grade math 85 81 95%

1 8
th

 grade math 96 64 67%

2 4
th

 grade science 69 68 99%

2 7
th

 grade math 44 43 98%

3 7
th

 grade science 82 75 91%

TOTAL 376 331 88%

A local coordinator in each site (hired by RAND) managed the distribution and collection of
the surveys and logs.  In some cases, the site coordinator distributed the materials to teachers
either individually or at after-school meetings.  In other sites, the principal or the lead
science/math teacher was responsible for distribution within his or her school.  Regardless of
distribution method, surveys and logs were returned to the site coordinator in individual,
sealed envelopes to protect teachers’ anonymity.  Teachers were given two to three weeks to
complete both instruments, and those who completed both were paid a $100 honorarium.

Classroom Observations.  Classroom observations were conducted in our fourth-grade
mathematics and seventh-grade science sites.  Schools were selected based on their
willingness to cooperate with the study and the amount of time they had been involved in the
reform.  The project coordinator at each site selected the teachers for the classroom
observation.  There were a total of five observers, three for mathematics and two for science.
In all, 62 classrooms were observed, 39 in mathematics and 23 in science.

In mathematics, all but one classroom was rated by a single observer.  In science, 18
classrooms were rated by a single observer, and the remaining 5 classrooms were rated by
both observers.  Observers typically arrived at the classroom before the lesson started and
situated themselves in a remote area of the classroom where they could observe classroom
activities in an unobtrusive manner. Lessons were observed for the full class period.
Observers took detailed, free-form notes during the class period to inform their evaluations of
the reformedness of the lesson.

Teacher Interviews.  We also conducted short interviews with the same teachers who
participated in the observations.  Teacher interviews were conducted in a semi-structured
format.  If two researchers were present, one researcher conducted the interview, while the
other took notes.  Interviews with teachers were typically conducted immediately following
the classroom lesson and ranged from 15-30 minutes.   In a few instances, to accommodate
teachers’ schedules, interviews took place at the end of the school day.

Data Analysis

Our data analysis thus far has focused primarily on the teacher survey, log materials, and

observation ratings.  Several different scales were derived from each of the survey, log, and
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observation items using a combination of  empirical analysis, prior experience with similar

items, and our interpretations of the constructs the scales were designed to measure.  We used

factor analysis to create some scales, and created others by first grouping together questions

that were intended to measure the same construct, then evaluating these judgments with an

analysis involving item intercorrelations.  We generally found an item correlated more

strongly with other items on the scale to which it was assigned than it did with items on other

scales.  In the few instances where an item correlated more highly with other items that did

not appear to assess the same construct, we grouped the items based on an a priori

expectation of how the item should have functioned.   The scenario data, which was collected

as part of the teacher surveys, were analyzed separately.  Below, we present the survey and

log responses for all our sites, as well as the observation ratings for fourth-grade mathematics

and seventh-grade science.

Survey Scales.  In mathematics, we created a total of 13-14 survey scales that focused on

teacher background, curriculum, instructional practices, and classroom context.  We created

analogous scales for science.  We developed a total of 22 scales for fourth-grade science, and

18 scales for seventh-grade science.  The scales and brief descriptions for each subject matter

are listed in Tables 4a and 4b below.
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Table 4a.  Descriptions of Survey Scales for Mathematics

Survey Scales Grade Description

Teacher Background

1. Professional Development 4, 7, 8 Amount of professional development

received in the past 12 months

2. Certification 4, 7, 8 Whether the teacher holds a standard

certification

3. Masters Degree 4, 7, 8 Whether the teacher holds at least a

masters degree (any subject)

4. Math Degree 7, 8 Whether the teacher holds an

undergraduate major or minor in a

mathematics-intensive subject

5. Total Years Teaching 4, 7, 8 Total years of teaching experience

6. Years Taught at Grade level 4, 7, 8 Total years teaching at grade level

7. Confident in Mathematics

Knowledge

4, 7, 8 Whether the teacher is very confident in

his/her mathematics knowledge

Curriculum Coverage

8. Operations with Whole Numbers 4, 7, 8 Weeks spent on operations with whole

numbers

9. Patterns/Functions 4, 7, 8 Weeks spent on patterns/functions/algebra

Instructional Practices

10. Process Emphasis 4, 7, 8 Number of NCTM-endorsed processes that

received at least moderate emphasis

11. Reform 4, 7, 8 Frequency with which teachers engage in

reform-like activities

12. Reform Relative to Text 4, 7, 8 Emphasis on reform activities relative to

the primary textbook

Classroom Context

13. Heterogeneous in Mathematics

Ability

4, 7, 8 Whether the class is heterogeneous in

mathematics ability

14. Hours of Instruction 4, 7, 8 Number of hours of mathematics

instruction students receive in a typical

week
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Table 4b.  Descriptions of Survey Scales for Science

Survey Scales Grade Description

Teacher Background

1. Professional Development 4, 7 Amount of professional development received

in the past 12 months

2. Certification 4, 7 Whether the teacher holds a standard

certification

3. Masters Degree 4, 7 Whether the teacher holds at least a masters

degree (any subject)

4. Science Degree 7 Whether the teacher holds an undergraduate

major or minor in a science-intensive subject

5. Total Years Teaching 4, 7 Total years of teaching experience

6. Years Taught at Grade Level 4, 7 Total years teaching at grade level

7. Confident in Science Knowledge 4, 7 Whether the teacher is very confident in

his/her science knowledge

Curriculum Coverage

8. Disease 7 Number of lessons spent on disease

9. Earth Materials 4 Number of lessons spent on earth materials

10. Earth Science 4 Number of lessons spent on earth science

11. Human Body 4 Number of lessons spent on human body

12. Life Science 4 Number of lessons spent on life science

13. Light and Sound 7 Number of lessons spent on light and sound

14. Magnetism and Electricity 4 Number of lessons spent on magnetism and

electricity

15. Measurement 4 Number of lessons spent on measurement

16. Physical Science 4 Number of lessons spent on physical science

17. Rocks and Charts 4 Number of lessons spent on rocks and charts

18. Science Reasoning and Technology 4 Number of lessons spent on science reasoning

and technology

19. Solar Systems 7 Number of lessons spent on solar systems

20. Structure and Function in Living

Things

7 Number of lessons spent on structure and

function in living things

21. Water 4 Number of lessons spent on water

22. Science Sleuths 7 Number of class periods using science sleuths

23. Life Science Goals 4 Emphasis given to skills and activities related

to empirical investigations when teaching

about life science

24. Structure and Function Goals 7 Emphasis given to skills and activities related

to empirical investigations when teaching

about life structure and function in living

things

25. Composite Curriculum Materials 4 Average number of lessons spent on FOSS,

MPLS, and other curriculum materials

26. Composite Science Content 4, 7 Average number of lessons spent on particular

science areas

Instructional Practices

27. Reform 4, 7 Frequency with which teachers engage in

reform-like activities
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(Table 4b.  continued)

Survey Scales Grade Description

Classroom Context

28. Heterogeneous in Science Ability 4, 7 Whether the class is heterogeneous in science

ability

29. Hours of Instruction 4, 7 Number of hours of science instruction

students receive in a typical week

30. Availability of Science Tools 7 Availability of science tools

For both mathematics and science, the teacher background scales measured the amount and

type of professional development received, and teacher qualifications, such as certification,

experience, whether the teacher attained at least a masters degree, and whether the teacher had

a mathematics/science-intensive undergraduate degree (i.e., major or minor).  Additionally,

we created a scale indicating whether the teacher felt very confident in his or her

mathematics/science knowledge.

There were two curriculum scales in mathematics that asked about the extent to which

teachers covered operations with whole numbers, which are more traditional areas of

mathematics, and patterns/function/algebra, which are topics that tend to be more strongly

represented in inquiry-based curricula.  In science, the curriculum scales asked about the

extent to which teachers covered certain areas, namely earth science, life science, physical

science, and science reasoning and technology for fourth grade, and structure and function in

living things, disease, light and sound, and solar systems for seventh grade.  For each grade

level, we also created an average composite scale of these science areas, which we called

composite science content.  In addition, there were scales pertaining to the kinds of skills

teachers emphasized when covering life science and structure and functions, for fourth- and

seventh-grade science respectively.  For these areas, we were particularly interested in the

emphasis given to skills and activities that were related to empirical investigations, such as

collecting data, making observations, and carrying out experiments.  We called these scales

life science goals and structure and function goals.  The remaining science scales dealt with

specific curriculum materials, commonly referred to as kits.  In fourth grade, we focused on

FOSS and MPLS, and in seventh grade, we focused on Science Sleuths.   For fourth grade, we

measured the extent to which teachers focused on six topics within the FOSS and MPLS

materials: human body, earth materials, water, rocks and charts, magnetism and electricity,

and measurement.  We also created an average composite scale of these topics (i.e., composite

curriculum materials).   For seventh grade, we assessed the number of class periods devoted to

using Science Sleuths.

There were three instructional practices scales in mathematics and one in science.  For both

mathematics and science, the reform scale assessed the frequency that teachers engaged in

reform practices, such as encouraging alternative explanations or helping students see

connections between science/mathematics and other disciplines.  In mathematics, the reform

relative to text scale measured how teachers’ emphasis on reform activities such as explaining

answers or solving real-life problems compared to the emphasis given by their primary

textbook.  The final instructional practice scale for mathematics, process emphasis, assessed

the number of processes consistent with the NCTM Standards (i.e., proof and justification,
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problem solving, communication, connections, and representations) that received at least

moderate emphasis.

The final set of survey scales were designed to provide context about the classroom

conditions.  For both mathematics and science, we assessed whether the class was

heterogeneous in terms of mathematics or science ability, and the amount of instruction the

students received in a typical week.  Additionally, for seventh-grade science, we measured the

availability of tools such as beakers or balances.

Scales that consisted of more than one item were created by averaging responses across the

items.   Scales relating to professional development, instructional practices, or composites fell

into this category.   Coverage of operations with whole numbers (at fourth grade mathematics

only), goals when teaching about life science or structures and functions, and

mathematics/science intensive degree were also comprised of multiple items.  The remaining

scales consisted of single items.  In some cases, scales were created from these single items

by dichotomizing the responses.  These scales included certification, masters degree,

confident in mathematics/science knowledge, and heterogeneity in class ability.   The final set

of scales each consisted of a response to a single open-ended item.  These included scales that

assessed the number of lessons devoted to a particular science topic, the amount of

mathematics/science instruction in a typical week, and years of teaching experience.

Log Scales.  We created a total of 7 mathematics scales and 8 science scales.  Unlike the

survey scales, log scales were present at each grade level.  The scales and descriptions are

given below.
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Table 5.  Descriptions of Log Scales for Fourth-Grade Mathematics

Log Scales Subject Area Description

Instructional Practices

1. Groupwork Mathematics

Science

Minutes students spent in groupwork

2. Mixed-Ability Groupwork Mathematics

Science

Minutes students spent working in mixed-ability

groups

3. Problem-Solving Groupwork Mathematics

Science

Minutes students spent solving new problems

together as a group

4. Open-ended Questions and

Discussions

Mathematics

Science

Minutes students spent discussing and

explaining ideas and teacher spent asking open-

ended questions for understanding

5. Reform Activities Mathematics

Science

Average number of times that reform activities

occurred during the lesson

6. Traditional Practices Mathematics

Science

Minutes students spent reading textbooks or

completing worksheets

7. Hands-on Science Science Minutes spent on hands-on science

Classroom Context

8. Class Time on Task Mathematics

Science

Length of mathematics lessons after adjusting

for time lost to disruptions

The six instructional practices scales common to both mathematics and science focused on

both student and teacher activities.  Three scales assessed the amount of time spent on

groupwork as a whole, groupwork in which students were working in mixed-ability groups,

and groupwork in which students collaboratively solved new problems.  There was also a

scale concerning class discussions and interactions, namely the amount of time students spent

discussing and explaining ideas and the amount of time teachers spent asking open-ended

questions.  Another scale assessed the number of times certain reform activities occurred (e.g.,

students demonstrated different way to solve a problem, or connection made to a topic from

another discipline).  The final instructional practice scale common to both subjects measured

the extent to which the students engaged in traditional practices such as reading textbooks or

completing worksheets.  Additionally, in science, there was a scale that assessed the amount

of time spent on hands-on activities.

There was also a scale created to contextualize the instruction that took place.  This scale

assessed the amount of class time that was spent on mathematics/science instruction after

adjusting for disruptions such as discipline problems.

The log scales were created by averaging teachers’ responses across the two days.  As was the

case for the surveys, responses on the log items could take different forms (i.e., open-ended,

dichotomous, or Likert-scaled items), so some scales consisted of teachers’ responses to

single open-ended questions, whereas other scales were created by averaging responses across

several Likert-scaled items.  Scales falling in the former category related to cooperative

learning and amount of hands-on science instruction, whereas scales falling in the latter

category included open-ended questions and discussions, reform activities, and traditional

practices.  The class time on task scale was calculated by subtracting the amount of time lost

to disruptions from the length of the mathematics/science lesson.
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Observation scales.  In each subject area, observation ratings on each item were grouped

together to create a total of eight scales, six of which pertained to instructional practices and

two that focused on classroom context (see Table 6).  The first instructional practice scale,

conceptual understanding and reasoning, dealt with the extent to which the teachers’

questions, sequence of activities, or other activities facilitated or emphasized conceptual

understanding, reasoning, or problem solving.  There was also a scale that measured the

frequency and nature of student collaboration and discussion.  In mathematics, there was a

scale pertaining to the degree to which teacher encouraged multiple solutions or

representations, and another scale that focused on the extent to which teachers made

connections to real-world applications, or to other mathematics topics or disciplines.  In

science, we assessed the extent to which the lesson gave students a sense of purpose and

understanding of important scientific phenomena.  The two final instructional practice scales

captured the overall reformedness of the lesson.  The composite reform scale is the average of

the observers’ ratings across each of the dimensions, and the holistic rating consisted of the

observers’ general impression of the reformedness of the lesson.

There were two classroom context scales.  One scale assessed the level of student engagement

and the other focused on the percent of students who appeared to understand the content being

presented.

Scales that consisted of more than single items were created by averaging the observers’

ratings across items.  Most of the scales fell into this category.  The three scales that were

comprised of only single items included the two classroom context scales, and the holistic

rating of the overall reformedness of the lesson.
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Table 6.  Descriptions of Observation Scales for Mathematics and Science

Observation Scales Subject Area Description

Instructional Practices

1. Conceptual understanding

and reasoning

Mathematics

Science

Extent to which activities or lesson structure that

facilitate or emphasize conceptual understanding,

reasoning, or problem solving were used

2. Connections Mathematics Extent to which connections to real-world examples, or to

other mathematics topics or disciplines were made

3. Student collaboration and

dialogue

Mathematics

Science

Extent to which there was an emphasis on student

discussion, cooperative learning, and use of hands-on

materials

4. Multiple solutions and

representations

Mathematics Extent to which teachers encourage multiple solutions or

multiple representations of a topic

5. Purpose and understanding Science Extent to which the lesson led to a sense of purpose and

understanding of important scientific phenomena, ideas,

or concepts

6. Composite reform ratings Mathematics

Science

Average composite scale of reform-oriented practices

7. Holistic rating Mathematics

Science

Overall impression of reformedness of the lesson

Classroom Context

8. Student engagement Mathematics

Science

Extent to which students appeared to be engaged in

learning

9. Learned material Mathematics

Science

Estimated percent of students who learned the material

Results

Descriptive Statistics of Teacher Scales and Observation Ratings

Distributions of Survey Scales.  Tables 7 and 8 provide the distribution for each survey scale.

The scales are organized by categories, namely teacher background, curriculum, instructional

practices, and context.  Table 7 lists the percent of teaches answering “yes” to a dichotomous

item, and Table 8 provides the descriptive statistics and reliability (coefficient alpha) for each

survey scale.
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Table 7.  Frequency Distribution for Selected Mathematics and Science Survey Scales by

Grade Level

Percent

Mathematics Science

Scales

4
th

7
th

8
th

4
th

7
th

Teacher Background

1. Certification 88.61 86.05 82.54 97.01 73.33

2. Masters Degree 48.10 39.53 62.50 65.15 54.67

3. Confident in Knowledge 59.49 83.72 85.71 19.40 56.00

Classroom Context

4. Heterogeneous in Class Ability 73.08 65.12 44.44 59.70 57.33

Mathematics.  Upwards of eighty percent of mathematics teachers across grade levels held a

regular certification.  About sixty percent of eighth-grade teachers held at least a masters

degree, but less than half of fourth- and seventh-grade teachers had a masters degree.  The

majority of mathematics teachers indicated they were confident in their mathematics

knowledge, with middle school teachers more likely reporting this to be the case than fourth-

grade teachers.  Fourth- and seventh-grade teachers tended to teach heterogeneously-grouped

mathematics students, but eighth-grade teachers were more likely to teach classes in which

students’ mathematics ability were more homogeneous.  In terms of instructional time, eighth-

grade teachers reported spending approximately 4.5 hours per week.  Seventh-grade teachers

reported nearly one hour more than did eighth-grade teachers, and fourth-grade teachers

reported nearly two hours more than did eighth-grade teachers.

Depending on the grade level, mathematics teachers had, on average, between 10.5 and 13

years of total teaching experience.  For fourth- and seventh-grade teachers, about half of their

total years teaching was spent at the grade level they are currently at.  For eighth-grade

teachers, nearly three-fourths of their total teaching experience was spent at eighth grade.

Professional development hours varied, with fourth-grade teachers reporting the least amount

of training (4.5 hours) and seventh-grade teachers reporting the most (8 hours).  Additionally,

seventh-grade teachers were more likely than eighth-grade teachers to have had mathematics-

specific background as undergraduates.

There was considerable variation in teachers’ reported use of particular instructional practices

and curriculum coverage.  This is undoubtedly due to a variety of factors, some of which were

related to variables in our survey (e.g., professional development) and some of which were

not (e.g., preservice training, personal preference).  In terms of content coverage, fourth-grade

teachers reported spending more time on operations with whole numbers than on patterns and

functions.  The reverse was true for seventh-grade teachers, while eighth-grade teachers

reported spending about the same amount of time on both content areas.  With respect to

instructional practices, fourth- and eighth-grade teachers reported engaging in reform

activities more than twice a month but less than once or twice a week.  Eighth-grade teachers

reported engaging in reform practices nearly every day.  Mathematics teachers at all levels felt

they emphasized reform activities slightly more than did their primary texts, and reported, on

average, placing at least moderate emphasis on about four of the five processes that are

consistent with the NCTM Standards.
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Table 8a.  Descriptive Statistics and Reliability Coefficient for Mathematics Survey Scales by Grade Level

4
th

7
th

8
th

Scales Mean SD Alpha Mean SD Alpha Mean SD Alpha

Teacher Background

1. Total Years Teaching 13.27 yrs 9.71 yrs -- 10.47 yrs 9.56 yrs -- 12.22 yrs 9.83 yrs --

2. Years Taught at Grade

Level

5.5 yrs 5.16 yrs -- 4.91 yrs 4.70 yrs -- 9.13 yrs 8.90 yrs --

3. Professional Development 
# 4.46 hrs 3.37 hrs .87 8.15 hrs 4.57 hrs .90 6.88 hrs 4.33 hrs .86

4. Mathematics-Intensive

Degree

-- -- -- 1.02 .95 -- .78 .83 --

Curriculum Coverage

5. Operations with Whole

Numbers 
^

7.28 wks 2.16 wks .64 2.66 wks 2.03 wks -- 3.36 wks 2.31 wks --

6. Patterns and Functions 
^ 5.04 wks 2.27 wks -- 4.76 wks 1.95 wks -- 3.08 wks 2.00 wks --

Instructional Practices

7. Process Emphasis 3.91 1.17 .64 4.36 .76 .61 3.64 1.20 .54

8. Reform 3.71 .47 .73 4.18 .37 .65 3.51 .47 .69

9. Reform Relative to Text 2.35 .44 .75 2.15 .42 .78 2.14 .42 .56

Classroom Context

10. Hours of Instruction 6.71 hrs 2.34 hrs -- 5.70 hrs 7.08 hrs -- 4.64 hrs 4.24 hrs --

Notes.
#
 Scale converted from fixed categories to hours per calendar year.

^  
Scale converted from fixed categories to weeks per school year.
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Science.  About three-quarters of seventh-grade teachers and nearly all of fourth-grade

teachers reported holding a regular certification, and the majority of teachers at both

grades had at least a masters degree.  Most seventh-grade teachers were confident in their

science knowledge, but only 20 percent of fourth-grade teachers felt this way.  Seventh-

grade teachers had about 9 years of teaching experience, nearly 6 of which was at the

seventh grade.  Fourth-grade teachers had nearly 13 years of experience, 5 of which was

at grade level.  On average, seventh-grade teachers reported 3 more hours of professional

development hours than did fourth-grade teachers, and nearly 2 more hours of instruction

time per week.  In terms of classroom heterogeneity, teachers at both grade levels

reported a similar percentage of heterogeneously-grouped classrooms (almost 60

percent).   Additionally, most seventh-grade teachers felt that science tools such as

beakers or thermometers were readily available.

Curriculum coverage of certain areas varied greatly.  At fourth grade, teachers reported

most emphasis on life science and least emphasis on science reasoning and technology.

When teaching about life science, teachers placed moderate emphasis on skills relating to

experiments.  With respect to specific topics within kits, the human body received the

most coverage at 9 lessons, and water received the least coverage at nearly 3 lessons.  On

average, teachers reported spending nearly 6 lessons per topic.  For seventh-grade

teachers, structures and functions received the most emphasis with approximately 16

lessons, whereas solar systems received the least emphasis with 5 lessons.  Seventh-grade

teachers also reported augmenting their science instruction with Science Sleuths.  On

average, teachers reported devoting 2.5 periods to these curriculum materials.

Both fourth-grade and seventh-grade teachers were somewhat likely to engage in

standards-based instruction.  On average, they reported teaching in a reform manner more

than once a month but less than once or twice a week.
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Table 8b.  Descriptive Statistics and Reliability Coefficient for Science Survey Scales by Grade Level

4
th

7
th

Scales

Mean SD Alpha Mean SD Alpha

Teacher Background

1. Total Years Teaching 12.82 yrs 9.80 yrs -- 9.21 yrs 9.03 yrs --

2. Years Taught at Grade Level 5.16 yrs 4.70 yrs -- 5.73 yrs 7.39 yrs --

3. Professional Development 
# 4.08 hrs 3.02 hrs .87 6.95 hrs 4.24 hrs .89

4. Science-Intensive Degree -- -- -- 1.00 .93 --

Curriculum Coverage

5. Life Science 
+ 10.33 lessons 5.62 lessons -- -- -- --

6. Earth Science
+ 9.84 lessons 5.20 lessons -- -- -- --

7. Physical Science 
+ 9.53 lessons 5.13 lessons -- -- -- --

8. Science Reasoning and Technology 
+ 7.84 lessons 5.18 lessons -- -- -- --

9. Human Body 
+ 9.32 lesson 5.25 lessons -- -- -- --

10. Earth Materials 
+ 8.25 lessons 5.50 lessons -- -- -- --

11. Water 
+ 2.60 lessons 3.67 lessons -- -- -- --

12. Rocks and Charts 
+ 5.11 lessons 5.42 lessons -- -- -- --

13. Magnetism and Electricity 
+ 8.89 lessons 5.41 lessons -- -- -- --

14. Measurement 7.31 lessons 5.08 lessons -- -- -- --

15. Life Science Goals 3.09 .59 .82 -- -- --

16. Composite Curriculum Materials 
+ 5.64 lessons 4.411 lessons .88 -- -- --

17. Composite Science Content 
+ 9.35 lessons 4.36 lessons .76 8.66 lessons 2.49 lessons .39

18. Structures and Function in Living Things 
+ -- -- -- 16.27 lessons 2.93 lessons --

19. Disease 
+ -- -- -- 7.58 lessons 4.11 lessons --

20. Light and Sound 
+ -- -- -- 6.09 lessons 3.95 lessons --

21. Solar Systems 
+ -- -- -- 4.93 lessons 4.11 lessons --

22. Structure and Function Goals -- -- -- 3.37 .60 .85

23. Science Sleuths -- -- -- 2.59 periods 2.16 periods --

Instructional Practices
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24. Reform 3.73 .58 .88 3.94 .48 .84

Classroom Context

25. Hours of Instruction 2.83 hrs 1.08 hr -- 5.14 hrs 5.78 hrs --

26. Availability of Science Tools -- -- -- 2.50 .36 .62

Notes.
#
 Scale converted from fixed categories to hours per calendar year.

+ 
Scale converted from fixed categories to lessons per school year.
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Distributions of Log Scales.  Table 9 shows the mean, standard deviation, and reliability

for each log scale.  The log scales are presented in the same manner as the survey scales

(i.e., grouped by categories).

Mathematics.  As with the survey scales, the log scales showed much variation.  The

average class time on task ranged from nearly 40 minutes at eighth grade to

approximately 45 minutes at fourth grade and over 50 minutes at seventh grade.

Seventh-grade teachers reported nearly half an hour on groupwork, in which two-thirds

of the total groupwork time was spent working with mixed-ability peers solving new

problems.  Although fourth grade and eighth grade teachers reported significantly less

time on groupwork, much of that time was also spent in mixed-ability groups solving

problems.  Across grade levels, teachers reported spending about the same amount of

time on open-ended questions and discussion as on worksheets and textbook reading.

Additionally, fourth- and seventh-grade teachers reported that selected reform activities

such as students demonstrating different ways to solve a problem occurred about once a

lesson.  For eighth-grade, reform activities were a rare incidence, occurring less than once

a lesson.

Science.  For the most part, fourth- and seventh-grade teachers reported similar practices

on the constructs measured by the logs.  Both fourth- and seventh-grade teachers reported

half an hour of student collaboration, where students spent much of that time grouped

heterogeneously solving new problems.  Teachers also reported about 6 minutes on open-

ended questions and discussions and 4 minutes on traditional practices.  Reform activities

occurred about twice a lesson, and nearly 30 minutes were spent on hands-on science.

The most striking differences between the two grade levels pertained to class time on

task.  Seventh-grade teaches reported nearly an hour, whereas fourth-grade teachers

reported only 40 minutes.
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Table 9a.  Descriptive Statistics and Reliability Coefficient for Mathematics Log Scales by Grade Level

4
th

7
th

8
th

Scales Mean SD Alpha Mean SD Alpha Mean SD Alpha

Teacher Background

1. Groupwork 15.46 mins 14.89 mins -- 28.43 mins 16.18 mins -- 9.56 mins 9.56 mins --

2. Mixed-Ability

Groupwork
+

11.98 mins 13.35 mins -- 22.02 mins 16.71 mins -- 5.84 mins 8.33 mins --

3. Problem-Solving

Groupwork
+

10.49 mins 12.26 mins -- 21.18 mins 14.73 mins -- 6.02 mins 7.49 mins --

4. Traditional Practices
+ 6.02 mins 4.24 mins .60 7.34 mins 3.24 mins -.10 6.26 mins 3.76 mins .29

5. Open-ended Questions

and Discussions
+

6.63 mins 3.45 mins .80 7.73 mins 4.70 mins .84 4.34 mins 2.45 mins .50

6. Reform Activities* 1.02 times 1.09 times .64 1.34 times 1.04 times .55 .50 times .90 times .52

Classroom Context

7. Class Time on Task 46.30 mins 12.28 mins -- 52.81 mins 18.27 mins -- 37.90 mins 12.35 mins --

Notes.
+  

Scale converted from fixed categories to minutes per day.

* Scale converted from fixed categories to number of times per day.

The alphas were calculated by averaging the responses over 2 days.
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Table 9b.  Descriptive Statistics and Reliability Coefficient for Science Log Scales by Grade Level

4
th

7
th

Scales Mean SD Alpha Mean SD Alpha

Teacher Background

1. Groupwork 29.42 mins 11.84 mins -- 31.53 mins 18.95 mins --

2. Mixed-Ability Groupwork
+ 26.41 mins 13.49 mins -- 23.46 mins 18.34 mins --

3. Problem-Solving Groupwork
+ 21.60 mins 13.00 mins -- 23.40 mins 18.88 mins --

4. Traditional Practices
+ 4.27 mins 1.72 mins .14 3.38 mins 2.13 mins .24

5. Open-ended Questions and Discussions
+ 5.84 mins 2.84 mins .58 6.37 mins 3.35 mins .66

6. Reform Activities* 1.91 times .80 times .62 2.11 times .63 times .53

7. Hands-on Activities 30.58 mins 10.07 mins -- 26.69 mins 16.14 mins --

Classroom Context

8. Class Time on Task 39.75 mins 8.98 mins -- 55.29 mins 18.79 mins --

Notes.
+  

Scale converted from fixed categories to minutes per day.

* Scale converted from fixed categories to number of times per day.

The alphas were calculated by averaging the responses over 2 days.
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Distribution of Observation Ratings.  The average rating across the observers on each of

the scales is provided below (see Table 10).

Mathematics.  In the lessons that were observed, students tended to be very engaged, and

most appeared to understand the concepts being taught.  Of the instructional practices,

teachers were most likely to engage in activities that facilitated conceptual understanding

and reasoning, and least likely to make connections, either to real-world applications or

to other mathematics topics or disciplines.   There were some attempts to encourage

student collaboration and dialogue as well as to foster multiple solutions and

representations, but these strategies appeared to be weakly implemented.  Overall, both

the composite reform scale and the holistic rating suggested that implementation of

reform-oriented practices did not reach high levels.

Science.  A similar pattern of results was observed for science.  On average, observers

believed that students were relatively engaged and understood some of the ideas

presented.  As was the case for mathematics, science teachers placed most emphasis on

conceptual understanding and reasoning.  While there were also some evidence of efforts

to promote student collaboration and to foster a sense of purpose and understanding of

the underlying scientific principles, the level of implementation was generally superficial.

This is consistent with other findings that suggest that reform-oriented practices as

delivered in many classrooms oftentimes do not approach the vision advocated by

reformers (Cohen, 1990).

Table 10.  Descriptive Statistics and Reliability Coefficient for Observation Scales
4

th
 Grade Science 7

th
 Grade Science

Observation Scales Mean SD Alpha Mean SD Alpha

Instructional Practices

1. Conceptual understanding

and reasoning 3.17 2.06 .87 3.01 2.20 .93

2. Connections 1.36 1.43 .20 -- -- --

3. Student collaboration and

dialogue 2.62 2.55 .86 2.55 2.51 .93

4. Multiple solutions and

representations 2.97 2.33 .60 -- -- --

5. Purpose and understanding -- -- -- 2.47 1.82 .76

6. Composite reform ratings 2.59 1.60 .86 2.69 1.93 .93

7. Holistic rating 3.50 2.53 -- 3.26 2.56 --

Classroom Context

8. Student engagement 6.35 1.63 -- 5.22 1.83 --

9. Learned material 5.53 1.93 -- 3.79 2.64 --

Notes.

Scale runs from 0 to 8.

We also compared the distribution of survey and log scales across observed and non-

observed teachers.  In both subjects, there were no differences between the two sets of

teachers with respect to background characteristics or teaching practices.
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Scenario Analyses and Results

In analyzing the teacher responses to the scenario-based questions, we wanted to

characterize each teacher on a single dimension of reform so as to distinguish between

teachers whose instruction was highly reform-oriented and teachers whose instruction

was not very reform-oriented.  We refer to these as high-reform and low-reform teachers.

The determination of a high-reform or low-reform teacher depended on the individual’s

responses to each of the scenario items.
2
  We expected a high-reform teacher to indicate a

strong likelihood of engaging in items reflective of reform-oriented practices, and a low

likelihood of engaging in items reflective of low-reform instruction.  To ascertain the

level of reform elicited by each item, we used a judgmental process to assign each item a

value from 1 (low reform) to 4 (high reform).  Members of the research team

independently rated each item, then convened to discuss differences in ratings.  We

subsequently reached a group consensus for each item.  In rating the items, we used

similar decision guidelines as the panel of expert mathematics educators, who had rated a

comparable set of items from the previous year’s surveys.

We used two different methods for created scenario-based reform scores for each teacher.

The first method created a score by using teachers’ responses only to high-reform items

(i.e., items that had been rated a 3 or 4).  We initially calculated eight reform scores by

summing teachers’ responses to the high-reform items within the four instructional

problems within each scenario.  We then created two separate reform scores for each

scenario by summing the scores across the four instructional parts within scenarios.  That

is, we created a total reform score for Scenario 1 by summing across the four

instructional problems within Scenario 1, and repeated the process for Scenario 2.

Because all the different types of reform scores were moderately correlated with each

other, we created one total reform score by summing responses to all of the high-reform

items across each of the four instructional problems and across the two scenarios.   We

called this measure of reform ALLHIGH.

The second method used a multidimensional scaling process in which both the high- and

low-reform items were included as part of the scoring procedures.  This method entailed

the creation of scores that represented an ideal High-Reform Teacher and an ideal Low-

Reform Teacher.  A teacher whose responses matched our item rating exactly is referred

as the ideal High-Reform Teacher.  Conversely, a teacher whose responses were the exact

opposite of ours is referred to as the ideal Low-Reform Teacher.  We used the n-teacher

by N-item matrix to calculate a teacher similarity matrix, then employed

multidimensional scaling to plot this latter matrix in 3-dimensional space.
3
  A graphical

examination of the teachers’ responses showed that teachers were generally more similar

to our idealized High-Reform Teacher than they were to our Low-Reform Teacher,

although there was also variation in responses.   We then used the n-teacher by N-item

matrix to construct and plot a N-item by N-item similarity matrix in 3-dimensional space.

                                                  
2
 Some items were dropped from the analysis because they were too vague and did not represent a key

element of reform-oriented practice.
3
 Teachers were dropped from the analysis if they lacked responses on the scenario-based questions.
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The graphical picture suggested that teachers were internally consistent in how they were

responding to the items.  That is, high-reform items tended to cluster together on one part

of the figure, whereas low-reform items tended to cluster together on another part of the

figure.  Because the set of analyses showed that teachers varied in their responses to the

scenario items and that the variation was internally consistent, we created a reform scale

by calculating the Euclidean distance between each teacher and the ideal High-Reform

Teacher.  Using this measure, which we called EUCLID, teachers who are considered

high reform have shorter distances from the ideal High-Reform Teacher.  Thus, smaller

values of EUCLID were associated with teachers who showed a higher likelihood to

engage in reform-oriented practices.

We explored a third method of creating a scenario-based score in which a dichotomous

scoring process was used.  Working from the definition of high-reform teachers as those

who indicate that they were likely to engage in an activity judged to be reflective of a

high-reform practice and unlikely to engage in an activity judged to be reflective of a

low-reform practice, we assigned a score of zero to teachers who responded in the same

manner as a high-reform teacher and a score of one to those who did not.  We then

summed the scores across items to obtain a measure in which smaller scores indicated a

more reform teacher.  This measure proved to be conceptually similar to EUCLID, and

did not provide any additional information beyond EUCLID or ALLHIGH, so we did not

conduct any further analyses with this measure.

Consistency of Responses Across Scenarios.  Because each teacher responded to two sets
of four scenario-based items that were constructed to be as similar as possible, we can
explored the consistency of teacher responses across different mathematical or scientific
contexts.  Two different methods were used to determine the similarity in teacher
responses to scenario options in both scenarios.  In the first method, response options for
the two scenarios were matched and weighted kappa statistics were computed to
determine the agreement of ratings between the pairs of items. This analysis is only
applicable to mathematics because response options in science were not designed to be
strictly parallel. The kappa statistics for mathematics are shown in Table 11.  Across
grade levels, the values ranged from low (e.g., K = -.15 at eighth grade) to high (e.g., K =
.76 at seventh grade), with a median value of around .25 for the fourth and eighth grades,
and a median of .43 for seventh grade.  The distribution of kappa statistics indicate that
the teacher responses to some item pairs were quite similar, but not to all item pairs.
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Table 11. Weighted Kappa Statistics for Paired Scenario Response Options for
Mathematics by Grade Level

Mathematics

4
th

7
th

8
th

Scenario 1

Item No.

Scenario 2

Item No.

Weighted

Kappa

Scenario 1

Item No.

Scenario 2

Item No.

Weighted

Kappa

Scenario 1

Item No.

Scenario 2

Item No.

Weighted

Kappa

12a 16a 0.49 17a 21a 0.66 16a 20a 0.63

12b 16b 0.22 17b 21b 0.30 16b 20b 0.31

12c 16c 0.20 17c 21c 0.68 16c 20c 0.21

12d 16d 0.24 17d 21d 0.32 16d 20d 0.09

12e 16e 0.11 17e 21e 0.39 16e 20e -0.05

12f 16f -0.04 17f 21f 0.43 16f 20f 0.02

12g 16g 0.25 17g 21g 0.00 16g -- --

12h 16h 0.16 17h 21h 0.66 16h 20g 0.19

13a 17a 0.14 18a 22a 0.12 17a 21a -0.15

13b 17b 0.45 18b 22b 0.28 17b 21c 0.06

13c 17c 0.25 18c 22c 0.53 17c 21d 0.39

13d 17d 0.32 18d 22d 0.64 17d 21e 0.31

13e 17e 0.66 18e 22e 0.76 17e 21f 0.36

13f 17f 0.47 18f 22f 0.38 17f 21g 0.43

13g -- -- 18g 22g 0.04 -- 21b --

-- 17g -- 19a 23a 0.60 18a 22a 0.24

14a 18a 0.62 19b 23b 0.43 18b 22c 0.15

14b 18b 0.16 19c 23c 0.63 18c 22d 0.53

14c 18c 0.69 19d 23d 0.76 18d 22e 0.63

14d 18d 0.67 19e 23e 0.67 18e 22f 0.23

14e 18e 0.36 19f 23f 0.51 -- 22b --

15a -- -- 20a 22a 0.06 19a -- --

15b 19b 0.29 20b 22b 0.46 19b 23c 0.08

15c 19c 0.06 20c 22c 0.42 19c -- --

15d 19e 0.19 20d 24d 0.40 19d 23d 0.26

20e 24f 0.37 19e 23f 0.14

20f 24e 0.51 19f -- --

20g -- -- 19g -- --

-- 23e -- -- 23a --

-- 23b --

-- 23e --

Median 0.25 Median 0.43 Median 0.23

The second method was based on the patterns of correlations of scenario scores.  The

magnitude of correlations between scenario scores should be larger than the magnitude of

correlations between item pairs because scenario scores are based on multiple pieces of

information.  In the analyses that led to the development of the ALLHIGH scores, we

noticed that scores created from parallel instructional problems across scenarios tended to

correlate more highly with each other than they did with scores created from non-parallel

instructional problems within the same scenario (see Table 12a for mathematics).  That

is, correlations on the diagonal tended to be higher than correlations on the off-diagonals
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(see shaded entries in Table 12a in relation to other surrounding entries).  For example, in

fourth-grade mathematics, scores from the “introducing the lesson” part of Scenario 1

showed stronger correlations with scores from the “introducing the lesson” part of

Scenario 2 (r = .41) than with scores from the “learning objectives” part of Scenario 1 (r

= .22).  Similar findings were observed with seventh- grade mathematics, but at eighth-

grade mathematics, the off-diagonal correlations tended to be as large or larger than two

of the four on-diagonal correlations.  This pattern suggests that eighth-grade teachers’

inclination towards certain practices may be influenced by the topic they are presenting.

Taken together, these findings suggest that the fourth- and seventh-grade scenarios, and

to some extent the eighth-grade scenarios, were measuring a stable aspect of reformed

instruction even when the mathematical contexts changed.
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Table 12a.  Correlations Among Scores within Instructional Problems for Mathematics Scenarios by Grade Level

4
th

7
th

8
th

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

Scenario 1

Introducing the lesson  (1) 1.0 1.0 1.0

Student error  (2) .25 1.0 .27 1.0 .36 1.0

Competing explanations (3) .44 .16 1.0 .31 .36 1.0 .21 .42 1.0

Learning objectives (4) .22 .18 .22 1.0 .19 .26 .39 1.0 .24 .29 .37 1.0

Scenario 2

Introducing the lesson (5) .41 .13 .35 .47 1.0 .47 .27 .30 .45 1.0 .11 .31 .23 .26 1.0

Student error (6) .35 .42 .34 .25 .17 1.0 .22 .35 .38 .41 .50 1.0 .14 .29 .33 .13 .13 1.0

Competing explanations (7) .29 .06 .58 .15 .38 .20 1.0 .37 .44 .73 .21 .38 .37 1.0 .22 .36 .59 .19 -.03 .59 1.0

Learning objectives (8) .37 .22 .29 .43 .48 .41 .26 1.0 -.04 .36 .30 .58 .13 .27 .25 1.0 .33 .56 .38 .43 .36 .08 .14 1.0

Note.

Correlations between parallel scores are shaded.

Table 12b.  Correlations Among Scores within Instructional Problems for Science Scenarios by Grade Level

4
th

7
th

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

Scenario 1

Introducing the lesson  (1) 1.0 1.0

Student error  (2) .16 1.0 .28 1.0

Competing explanations (3) .13 .33 1.0 .25 .48 1.0

Learning objectives (4) .19 .36 .39 1.0 .26 .27 .23 1.0

Scenario 2

Introducing the lesson (5) .33 .46 .07 .26 1.0 .31 .22 .33 .19 1.0

Student error (6) .29 .46 .19 .36 .52 1.0 .31 .28 .36 .07 .21 1.0

Competing explanations (7) .30 .54 .16 .35 .55 .65 1.0 .35 .44 .38 .30 .54 .40 1.0

Learning objectives (8) .08 .11 .03 .28 .40 .47 .51 1.0 .38 .15 .32 .31 .35 .24 .33 1.0

Note.

Correlations between parallel scores are shaded.
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Although science did not have strictly parallel items, scores from instructional problems

across scenarios are comparable because they measured similar constructs.  Thus, we

would expect to see scores derived from comparable instructional problems to show

higher correlations with each other than with scores derived from non-comparable

instructional problems (i.e., correlations on the diagonal should be higher than

correlations on the off-diagonal).  However, correlations between scores created from

comparable instructional problems were generally of the same magnitude as scores

created from non-comparable instructional problems (see Table 12b).  For instance, in

seventh-grade science, the correlation between the “competing explanations” scores

across the two scenarios (r = .38) was virtually identical to the correlation between

“competing explanation” from Scenario 2 and “student error” from Scenario 2 (r = .40).

In fourth-grade science, we find that scores from non-comparable instructional problems

within the same scientific context tended to correlate more highly with each other than

with scores derived from comparable instructional problems across different scientific

contexts.  These patterns suggest that teachers’ tendency to engage in certain kinds of

reform practices may be somewhat influenced by the unit that they are teaching.

Validity of Instructional Practice Measures

One of the purposes of the project was to develop one or more interpretable measures of

reform-oriented teaching from a variety of data collection methods.  If our definition of

reform-oriented practice has some meaning for teachers and our measures of different

aspects of reform-oriented teaching are valid, we should find a predictable pattern of

correlations among the measures.  Specifically, we would expect to observe positive

correlations among the high-reform measures and negative correlations between high-

reform and low-reform measures.

In the following sections, we present illustrative results from fourth-grade mathematics

and seventh-grade science.  We chose these two sites because we had observational data

from teachers in those sites.   In preliminary analyses, seventh- and eighth-grade

mathematics results were generally similar to that of fourth-grade mathematics, but

fourth-grade science did not show the same patterns of results as seventh-grade science.

Specifically, some of the correlations that had negative signs at the seventh grade had

positive signs at the fourth grade (or vice versa).  In most instances, however, neither the

positive nor negative correlations at either grade level reached statistical significance.

Cross Method Comparisons.  Because a number of different instruments were used to

gather information about teacher instructional practices, we can compare scales across

surveys, logs, and observations to assess the validity of each of these measures as

indicators of reform-oriented teaching.  Using the elements of reform developed at the

outset of the project as a guideline, we made a priori judgments about the pattern of

correlations that should exist among the instructional practice measures.  The top half of

Table 13 shows the predicted relationships among these 17 measures.  Ideally, all should

be positively correlated, with the exception of the operations with whole numbers in

mathematics and traditional practices scales in both subjects.  The bottom half of Table

13 shows the actual correlations among the reform measures from the survey, log, and

observations.
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Mathematics.  Although the magnitude may not approach statistical significance, the

patterns of correlations on the whole matched those that were predicted based on our

understanding of reform-oriented instruction.  Traditional practices showed negative

correlations with many reform measures.  Operations with whole numbers also tended to

show negative relationships with indicators of standards-based instruction, although the

pattern was not as strong as was observed for the traditional practices scale.

Likewise, most of the correlations between the various high-reform measures were

positive.  For example, teachers who reported greater emphasis on reform practices

relative to their primary textbook were also more likely to report more reform activities

occurring during the lesson, greater use of reform instruction in general, more focus on

processes that are consistent with the NCTM Standards, more frequent use of open-ended

questions and discussions, and more frequent use of groupwork in which their students

worked cooperatively to solve a new problem.  They were also perceived by observers as

being more likely to encourage multiple solutions and to receive higher composite reform

scores.  That these positive correlations were observed for various reform indicators

across different data collection methods suggests that teachers were relatively consistent

in how they described their practices.    Furthermore, that most of the survey and log

scales were positively correlated with observers’ ratings attest to the validity of teachers’

responses about their instructional practices.   However, it should also be noted that while

these latter correlations were consistently positive, they also tended to be small and

statistically insignificant.

Science.  The patterns for science were mixed.  There was evidence that some high-

reform measures were operating in ways that had been expected.  For example, the

general reform instruction scale from the survey showed a .37 correlation with the open-

ended questions and discussions scale from the log.  Similarly, the number of reform

activities that occurred daily was positively correlated with the frequency with which

teachers engaged in open-ended discussions (r = .41).

However, there were also patterns that were counterintuitive.  The traditional practice

scale was positively correlated with other high-reform indicators, sometimes moderately

so.  For instance, neither general reform instruction nor the number of daily reform

activities showed as strong positive associations with conceptual understanding or student

collaboration as had the traditional practices scale.  Furthermore, general reform

instruction and the number of daily reform activities were not correlated with each other.
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Table 13a.  Predicted and Actual Correlations Among Fourth-Grade Mathematics Survey, Log, and Observation Measures

(1) (2) (3) (4) (5) (6) (7) (8) (9) (10) (11) (12) (13) (14) (15) (16) (17)

Survey Scales

Operations with whole numbers

(1)

1.0 - - - - - - - - - + - - - - - -

Patterns and functions (2) .51 1.0 + + + + + + + + - + + + + + +

Process emphasis (3) .16 .37 1.0 ++ + + + + ++ ++ -- ++ ++ ++ ++ ++ ++

Reform (4) .01 .24 .46 1.0 + + + + ++ ++ -- ++ ++ ++ ++ ++ ++

Reform relative to text (5) .11 .29 .50 .50 1.0 + + + + + - + + + + + +

Log Scales -

Groupwork (6) -.03 .15 .23 .38 .41 1.0 ++ ++ + + - + + + + + +

Mixed-ability groupwork (7) -.02 .19 .21 .34 .41 .86 1.0 ++ + + - + + + + + +

Problem-solving groupwork (8) -.11 .03 .15 .29 .37 .87 .78 1.0 + + - + + + + + +

Open-ended questions and

discussions (9)

.19 .25 .45 .32 .38 .48 .51 .47 1.0 + -- ++ ++ ++ ++ ++ ++

Reform activities (10) .07 .29 .39 .39 .31 .37 .47 .33 .65 1.0 - + + + + + +

Traditional practices (11) -.05 -.14 -.03 .04 -.19 -.10 -.10 -.06 .13 .24 1.0 + + + + + +

Observation Scales

Conceptual understanding and

reasoning (12)

.00 .04 -.05 .09 .15 .04 .04 .12 .20 .03 .00 1.0 + + + + +

Connections (13) .01 .13 .09 -.09 .06 .11 .18 .07 .18 .06 -.12 .32 1.0 + + + +

Student collaboration and

dialogue (14)

-.16 .11 .28 .23 .28 .11 .00 .16 .22 .32 -.09 .56 .19 1.0 + + +

Multiple solutions and

representations (15)

-.02 .10 .16 .23 .27 .22 .28 .18 .25 .24 -.01 .62 .20 .41 1.0 + +

Composite reform ratings (16) -.07 .11 .13 .16 .24 .13 .12 .17 .27 .19 -.06 .91 .48 .78 .73 1.0 +

Holistic rating  (17) -.27 -.10 .01 .03 .06 -.13 -.09 -.09 .05 .06 .08 .74 .29 .68 .68 .83 1.0
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Table 13b.  Predicted and Actual Correlations Among Seventh-Grade Science Survey, Log, and Observation Measures
(1) (2) (3) (4) (5) (6) (7) (8) (9) (10) (11) (12) (13) (14) (15) (16) (17) (18) (19)

Survey Scales

Structures and Functions in

Living Things  (1)

1.0 + + + + + + + + + + + + - + + + + +

Disease (2) -.01 1.0 + + + + + + + + + + + - + + + + +

Light and Sound (3) .01 .10 1.0 + + + + + + + + + + - + + + + +

Solar Systems (4) -.05 .07 .57 1.0 + + + + + + + + + - + + + + +

Structure and Function Goals

(5)

.53 -.03 -.13 -.08 1.0 + + + + + + + + - + + + + +

Science Sleuths (6) .03 -.07 .13 .09 .16 1.0 + + + + + + + - + + + + +

Reform (7) .12 .00 -.08 .01 .40 .09 1.0 + + + + ++ + -- + + + + ++

Log Scales

Groupwork (8) -.11 .20 -.13 -.15 .13 .08 -.05 1.0 ++ ++ + + + - + + + + +

Mixed-ability groupwork (9) -.10 .37 -.04 -.18 .13 -.06 .11 .73 1.0 ++ + + + - + + + + +

Problem-solving groupwork

(10)

-.12 .34 -.14 -.09 .07 .08 -.02 .85 .75 1.0 + + + - + + + + +

Open-ended questions and

discussions (11)

-.02 .11 -.02 -.20 .11 .29 .37 .16 .25 .22 1.0 + + - + ++ + + +

Reform activities (12) -.38 .08 -.10 .00 -.14 -.07 .06 .28 .20 .25 .41 1.0 + -- + + + + +

Hands-on Activities (13) -.06 .09 -.05 .00 .15 .26 -.06 .57 .39 .52 .13 .04 1.0 - + + + + +

Traditional practices (14) .15 .23 -.01 -.21 .16 -.18 .15 .17 .67 .24 .15 .03 -.06 1.0 + + + + +

Observation Scales

Conceptual understanding and

reasoning (15)

.22 .06 -.14 -.39 .19 -.05 -.08 -.03 .13 .06 .27 .24 -.05 .33 1.0 + + + +

Student collaboration and

dialogue (16)

.18 .36 -.05 -.24 .36 -.18 .14 -10 .26 -.07 .26 .15 -.18 .51 .73 1.0 + + +

Purpose and Understanding

(17)

.12 .06 -.05 -.27 .05 .06 -.04 -.06 .03 .08 .27 .37 .03 .20 .82 .55 1.0 + +

Composite reform ratings (18) .20 .18 -.10 -.34 .23 -.07 .00 -.07 .16 .03 .30 .28 -.08 .39 .95 .85 .87 1.0 +

Holistic rating  (19) .06 .24 .01 -.22 .14 -.03 -.15 -.16 .01 -.02 .32 .46 -.19 .31 .91 .78 .82 .94 1.0
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In terms of how well the observation scales corresponded to the survey and log

responses, we find an ambiguous picture.  Reform activities and open-ended discussions

and questions showed consistently positive (albeit small) correlations with the

observation scales, particularly the holistic rating of the reformedness of the lesson.

However, the remaining instructional practices scales showed inconsistent patterns of

weak positive, weak negative, or no relationships with the observation scales.  In sum, the

results provide evidence that some of our scales, such as reform activities and open-ended

questions and discussions, captured meaningful elements of reform-based teaching,

whereas other scales did not function in the manner that we had anticipated.

Scenario-based Scores Compared with Other Scales.  The scenarios were the most

innovative data collection strategy we used, and we were particularly interested in the

validity of the scenario measures.  We examined the correlation between EUCLID and

ALLHIGH and the other measures of practice derived from the surveys and logs.  Table

14 shows the results of those analyses for fourth-grade mathematics and seventh-grade

science.  Larger values of EUCLID indicate less reform orientation, so we would expect

to see negative correlations between EUCLID and the other measures of reform.

Conversely, larger values of ALLHIGH indicate more reform orientation, and we would

therefore expect positive correlations with the other reform measures.  ALLHIGH and

EUCLID were correlated -.29 with each other in mathematics and -.26 in science, which

suggests that the two measures were capturing different aspects of reform.
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Table 14a.  Correlations between Scenario-Based, Survey, and Log Measures for

Fourth-Grade Mathematics

ALLHIGH EUCLID

Survey Scales

Teacher Background

Professional Development .21 -.05

Certification -.04 -.01

Masters Degree .05 .02

Total Years Teaching .15 .00

Years Taught Fourth Grade .15 .10

Confident in Mathematics Knowledge -.05 .00

Instructional Practices/Curriculum Coverage

Operations with Whole Numbers .13 .12

Patterns/Functions .11 .05

Process Emphasis .47 -.08

Reform .51 -.15

Reform Relative to Text .39 -.08

Classroom Context

Heterogeneous in Mathematics Ability -.08 .12

Hours of Instruction .17 -.06

Log Scales

Instructional Practices

Groupwork .21 -.08

Mixed-Ability Groupwork .21 -.12

Problem-Solving Groupwork .19 -.19

Traditional Practices .06 .02

Open-ended Questions and Discussions .39 .01

Reform Activities .29 -.19

Classroom Context

Class Time on Task .01 -.10

Mathematics.  For the most part, the correlations between the scenario-based scores and

the survey and logs were small to moderate, indicating that the scenarios are measuring

different constructs than the surveys and logs (see Table 14a).  Examining the survey

scales, we observe that most of the classroom context and teacher background variables

showed weak relationships with ALLHIGH.  However, ALLHIGH showed moderate

correlations with several instructional practices scales, including process emphasis,

reform, and reform relative to text.  This indicates that teachers who were oriented

towards reform teaching were more likely to embrace processes consistent with NCTM

Standards such as problem solving or communication, to engage in standards-based

practices such as encouraging students to explore alternative methods, and to place more

emphasis on reform activities than did their text.   We see a similar pattern of correlations

between the reform log measures and ALLHIGH.  Teachers who had been identified by

ALLHIGH as having a reform orientation were more likely to use open-ended questions

and to have various reform practices (such as having students work on extended

problems) occur.  Overall, the data provide moderate support for the claim that

ALLHIGH is measuring a meaningful aspect of high-reform teaching.
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Unlike ALLHIGH, EUCLID tended to show weak correlations with the surveys and log

scales.  However, the direction of the correlations between EUCLID and these other

reform measures were consistent with our a priori expectations.  For example, we had

expected negative correlations between EUCLID and measures such as reform, reform

activities, and the three groupwork scales, and this is what we observed.  Similarly, there

was an expected positive correlation between EUCLID and operations with whole

numbers.  Thus, the trends suggest that the correlations are in the predicted direction, but

the magnitudes are very small and not statistically significant.

Table 14b.  Correlations between Scenario-Based, Survey, and Log Measures for

Seventh-Grade Science

ALLHIGH EUCLID

Survey Scales

Teacher Background

Professional Development .17 .00

Certification -.09 -.35

Masters Degree -.15 -.14

Total Years Teaching .00 -.30

Years Taught Seventh Grade .04 -.35

Confident in Science Knowledge .20 -.07

Science-Intensive Degree .07 -.10

Instructional Practices/Curriculum Coverage

Structures and Functions in Living Things .13 -.31

Disease -.12 .04

Light and Sound -.10 .13

Solar Systems -.13 .05

Structure and Function Goals .33 -.30

Science Sleuths .27 -.06

Reform .42 -.23

Classroom Context

Heterogeneous in Science Ability .13 .00

Hours of Instruction .00 -.07

Availability of Science Tools .06 -.10

Log Scales

Instructional Practices

Groupwork -.03 -.15

Mixed-Ability Groupwork -.01 -.17

Problem-Solving Groupwork -.08 -.12

Traditional Practices -.04 .00

Open-ended Questions and Discussions .20 -.09

Reform Activities -.03 .26

Hands-on Activities .19 -.24

Classroom Context

Class Time on Task -.15 -.19
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Science.  As with mathematics, the correlations between the scenario-based measures and

survey and log scales were generally small (see Table 14b).  ALLHIGH showed

moderately strong correlations with structure and function goals, science sleuths, and

reform.  This means that teachers who have more intentions to engage in standards-based

instruction were more likely to emphasize empirical investigations when teaching about

structures and functions, to supplement their curriculum with science sleuths lessons, and

to report higher frequency of reform practices.

EUCLID tended to show stronger correlations with the survey and log scales than did

ALLHIGH, although the magnitude of correlations nevertheless remained small.

Teachers who had a regular certification and who had more teaching experience, both

generally and at seventh grade, were more likely to adopt a reform orientation.  Teachers

who indicated greater coverage of structures and functions, more focus on empirical

investigations when presenting this unit, greater use of reform practices and of hands-on

activities were also more likely to respond in ways similar to an ideal High-Reform

Teacher.  On the whole, considering the patterns of correlations, there is some evidence

that ALLHIGH and EUCLID appear to be measuring meaningful aspects of reform

teaching.

Scenario-Based Scores and Observation Ratings.  As Burstein et al. note, survey and log

measures are both subjected to the same sources of errors (i.e., response bias from

teachers), and therefore provide limited validity evidence regarding the accuracy of what

actually takes place in the classrooms.  Observations, on the other hand, provide an

external benchmark against which to evaluate the validity of teachers’ responses (Mayer,

1999).  Table 15 provides the correlations between the scenario-based scores and the

observation scales.

Mathematics.  ALLHIGH showed weak relationships to observers’ ratings, with all

correlations below .15.  However, the patterns of correlations were in the predicted

direction, with ALLHIGH showing positive associations with all the observation scales

except connections.

Unlike the weak correlations observed for ALLHIGH, EUCLID showed moderately

strong negative correlations.  Excluding the connection scale, EUCLID was moderately

correlated with all the observation scales.  EUCLID was most highly related with an

emphasis on conceptual understanding and student collaboration and dialogue.  That is,

teachers who responded in similar ways as an ideal High-Reform Teacher were rated by

the observers as being more likely to engage in activities that facilitated conceptual

understanding and reasoning, and to promote cooperative learning and student

discussions.  EUCLID was also moderately correlated with the composite reform scores

and the holistic ratings, suggesting that EUCLID was not capturing just a specific or

particular aspect of standards-based instruction, but more global aspects as well.  Thus it

appears that the observers’ ratings were consistent with EUCLID in terms of assessing

teachers’ reform orientation.
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Science.  Neither ALLHIGH nor EUCLID showed strong relationships with any of the

instructional practice scales derived from the observation ratings.  The correlations

between ALLHIGH and the observation scales were no higher than 0.20, and some of the

correlations were not consistent with prior expectations.  For example, we expected a

positive correlation between ALLHIGH and the composite reform rating or observers’

holistic rating of the overall reformedness of the lesson, but these correlations were null

or slightly negative.

Similarly, EUCLID showed only weak associations with the observation scales.  As was

the case with ALLHIGH, there were small to slightly positive relationships between

EUCLID and observers’ overall measures of reform.  The one scale in which EUCLID

showed moderately strong associations was with the learned material scale.  This

indicated that teachers who responded similarly to an ideal Low-Reform Teacher were

judged by observers as having a greater proportion of their students understand the

material.

Table 15.  Correlations between Scenario-Based Measures and Observation Ratings

for Fourth-Grade Mathematics and Seventh-Science

4
th

 Grade Mathematics 7
th

 Grade Science

Observation Scales ALLHIGH EUCLID ALLHIGH EUCLID

Instructional Practices

Conceptual understanding and reasoning .09 -.55 .00 -.07

Connections -.08 .00 -- --

Student collaboration and dialogue .14 -.55 -.11 .02

Multiple solutions and representations .13 -.39 -- --

Purpose and understanding -- -- .13 -.12

Composite reform ratings .11 -.55 .00 -.06

Holistic rating .05 -.50 -.19 .11

Classroom Context

Student engagement .14 -.39 .12 .21

Learned material .07 -.30 .00 .48

Discussion

The goal of this paper was to develop measures of standards-based instruction that would

be sensitive to the extent to which teachers were creating reform-oriented classrooms for

student learning.  Of particular interest was the creation of indicators that would

distinguish between high- and low-reform teachers.  To construct such a measure, we

elicited input from panels of mathematics and science educators to help create a

taxonomy of reform elements that served as the basis for instrument development.  This

taxonomy guided the creation of the survey and log scales, as well as the development of

the scenarios.

The surveys and log scales were designed to be similar to the kinds of reform measures

traditionally used in other studies of standards-based instruction (see e.g., Weiss, 1997).

Although the magnitude of correlations did not always approach statistical significance,

we found that the pattern of correlations for the different reform measures generally

matched our a priori expectations, thus suggesting that the scales were capturing
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meaningful and stable aspects of reformed teaching.   The evidence, however, was much

stronger for mathematics than for science.

The scenarios represented our attempt to assess aspects of reform-oriented teaching that

are not well captured by frequency-based measures, namely intentions to engage in

standards-based instruction.  We explored two different ways of scoring the scenarios.

The first, ALLHIGH, represents the teachers’ responses only to high-reform items.

EUCLID uses responses on both high- and low-reform items to calculate a measure of

distance from the ideal High-Reform Teacher.  Both measures showed reasonable

psychometric properties, including adequate variance and internal consistency.

For mathematics and science, both ALLHIGH and EUCLID correlated in predicted but

different ways with other measures.  In science, ALLHIGH showed moderately strong

correlations with structure and function goals, science sleuths, and reform.  This means

that teachers who have higher intentions to engage in standards-based instruction were

more likely to emphasize empirical investigations when teaching about structures and

functions, to supplement their curriculum with science sleuths lessons, and to report

higher frequency of reform practices.  EUCLID showed moderate relationships with

coverage of structures and functions, emphasis on empirical investigations, and use of

reform practices and hands-on activities.  Neither ALLHIGH nor EUCLID showed

significant relationships with the observation scales.

In mathematics, ALLHIGH tended to be moderately correlated with most survey and log

scales, particularly reform instruction, NCTM process emphasis, and open-ended

questions and discussions.  ALLHIGH, however, did not show strong correlations with

any of the observation scales.  In contrast, EUCLID tended to show weak correlations

with the survey and log scales, but much stronger correlations with the observer ratings.

In fact, the strongest correlations between any two measures of reform instruction were

shown by EUCLID and the observation scales.   These findings suggest that for

mathematics, ALLHIGH and the survey and log measures appear to be measuring one

aspect of standards-based instruction, whereas EUCLID and the observer ratings are

capturing another.

Differences in the patterns of correlations between the ALLHIGH and EUCLID most

likely stem from the presence (or absence) of low-reform items.   In creating EUCLID,

we controlled for teachers’ proclivity to engage in low-reform instruction.  Specifically,

teachers who indicated a greater likelihood of using low-reform activities were thought to

be of greater distance from the ideal High-Reform Teacher.  With ALLHIGH, however,

teachers could vary in their inclination to behave in a low-reform manner, yet still receive

the same reform score.

The presence of the low-reform items in the scoring process may also explain why

EUCLID correlates more highly with observer ratings and ALLHIGH correlates more

highly with the survey and log measures.  In assessing the reformedness of the class,

observers most likely considered the emphasis on low-reform as well as high-reform

activities.  However, we tended to exclude low-reform items from the survey and log
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scales because some of these questions lacked variance, resulting in too few items to

construct reliable low-reform indicators.   Thus, the correspondence between EUCLID

and the observer ratings, and between ALLHIGH and the log and survey scales can be

partially attributable to the ways the measures were constructed.

It is unclear why the EUCLID score derived for fourth-grade mathematics shows

moderate correlations with observer ratings while the EUCLID score derived for seventh-

grade science does not, but we hope to learn more about some of the potential underlying

reasons for these differences through our analysis of teacher interviews.  At this point, it

is also is too early to determine which of the two scenario-based measures may be a

superior indicator of reform-oriented teaching practice because our ultimate goal is to

examine the relationships to three-year achievement gains, and we are in the midst of

collecting data for the third year.  However, the initial patterns of correlations are

encouraging (in different ways) for both ALLHIGH and EUCLID, particularly in

mathematics.  Future analyses will continue to examine the relationships between these

measures with teacher interview responses and student achievement.



42

References

American Association for the Advancement of Science (1993).  Benchmarks for

science literacy.  New York: Oxford University Press.

Burstein, L., McDonnel, L., Van Winkle, J., Ormseth, T., Mirocha, J., & Guitton,

G.  (1995).  Validating national curriculum indicators (MR-658-NSF).  Santa Monica:

RAND.

Cohen, D.K.  (1990).  A revolution in one classroom: The case of Mrs. Oublier.

Educational Evaluation and Policy Analysis, 14, 327-345.

Cohen, D.K., & Hill, H.C.  (1998).  State policy and classroom performance:

Mathematics reform in California (CPRE Policy Brief).  Philadelphia: Consortium for

Policy Research in Education.

Ingle, M., & Cory, S.  (1999).  Classroom implementation of the national science

education standards: A snapshot instrument to provide feedback and reflection for

teachers.  Science Educator, 8, 49-54.

Kim, J., Crasco, L., Blank, R., Smithson, J. (2001) Survey results of urban school

classroom practices in mathematics and science: 2000 Report. Norwood: Systemic

Research, Inc.

Klein, S., Hamilton, L., McCaffrey, D., Stecher, B., Robyn, A., & Burroughs, D.

(2000).  Teaching Practices and student achievement (MR-1233-EDU).  Santa Monica:

RAND.

Mayer, D.P.  (1998).  Do new teaching standards undermine performance on old

tests?  Educational Evaluation and Policy Analysis, 20, 53-73.

Mayer, D.P.  (1999).  Measuring instructional practice: Can policymakers trust

survey data?  Educational Evaluation and Policy Analysis, 21, 29-45.

National Council of Teachers of Mathematics.  (1989).  Curriculum and

Evaluation Standards for School Mathematics.  Reston, VA: National Council of

Teachers of Mathematics.

National Council of Teachers of Mathematics (2000).  Principles and Standards

for School Mathematics.  Reston, VA: National Council of Teachers of Mathematics.

National Research Council.  (1996).  National Science Standards.  Washington,

DC.  National Academy Press.



43

Porter, A.C., Kirst, M.W., Osthoff, E.J., Smithson, J.L., & Schneider, S.A.

(1993).  Reform up close: An analysis of high school mathematics and science

classrooms.  Madison: Consortium for Policy Research in Education.

Smerdon, B.A. Burkam, D.T., & Lee, V.E.  (1999).  Access to constructivist and

didactic teaching: Who gets it?  Where is it practiced?  Teachers College Record, 101, 5-

34.

Smithson, J.L., & Porter, A.C.  (1994).  Measuring classroom practice: Lessons

learned from the efforts to describe the enacted curriculum—The Reform Up Close Study.

Madison: Consortium for Policy Research in Education.

Stein, M.K., & Lane, S.  (1996).  Instructional tasks and the development of

student capacity to think and reason: An analysis of the relationship between teaching

and learning in a reform mathematics project.  Educational Research and Evaluation, 2,

50-80.

Weiss, I.R.  (1997).  The status of science and mathematics teaching in the United

States: Comparing teacher views and classroom practice to national standards.  ERS

Spectrum, 15, 34-39.

Weiss, I.R., Montgomery, D.L., Ridgway, C.J., & Bond, S.L.  (1998).  Local

Systemic Change through teacher enhancement: Year three cross-site report.  Chapel

Hill, NC: Horizon Research, Inc.

Wenglinsky, H.  (2000).  How teaching matters: Bringing the classroom back into

discussions of teacher quality.  Princeton, NJ: Educational Testing Service.



44 CARD 01

Appendix A

Grade 4 Mathematics Teacher Survey

Professional Development in Mathematics

1. Teachers participate in many workshops, seminars, courses, and other organized professional development activities.  These

programs can address many areas of mathematics, including pedagogy, content, and curriculum, but most programs have a

particular focus.  In the past 12 months, how much time have you spent on professional development activities that focused

on the following aspects of teaching mathematics?  For activities or sessions that covered more than one topic, estimate the

time for each topic covered.
(Circle One Response in Each Row)

None

Less than

4 hours

4 - 8

hours

9 - 16

hours

More

than 16

hours

a. In-depth study of mathematics content 1 2 3 4 5

b. Methods of teaching mathematics 1 2 3 4 5

c. Use of particular mathematics curricula

or curriculum materials
1 2 3 4 5

d. Students’ mathematical thinking 1 2 3 4 5

e. Mathematics standards (NCTM, state,

and / or district) or framework
1 2 3 4 5

 f. Mathematics assessment / testing 1 2 3 4 5

g. Use of educational technology for mathematics

instruction
1 2 3 4 5

Curriculum

2. In a typical week, how many hours of mathematics instruction do students

in your class receive? Hours per Week
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3.  Which of the following is the principal textbook or published curriculum you use for teaching fourth-grade mathematics in your

class?

(Circle One)

a. Mathematics (Silver Burdett Ginn) ................................................................................  1

b. Math (Scott Foresman Addison Wesley) .........................................................................2

b. Other (Title_____________________________________________)...........................3

4. How does your emphasis on each of the following student mathematics activities compare to that of your primary textbook or

published curriculum?
(Circle One Response in Each Row)

Less

emphasis

than text

Same

emphasis

as text

More

emphasis than

text

a. Practicing problems designed to improve

speed and accuracy
1 2 3

b. Solving complex, multi-step problems 1 2 3

c. Solving real-life problems 1 2 3

d. Engaging in hands-on activities

 (e.g., working with manipulatives)
1 2 3

e. Explaining answers, justifying solutions 1 2 3

 f. Discussing multiple solutions 1 2 3

g. Solving open-ended problems 1 2 3

h. Exploring advanced topics 1 2 3
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5. Below is a selected list of content areas that might be taught in fourth-grade mathematics.  Indicate the approximate amount of

time you will spend on each content area this school year.

(Circle One Response in Each Row)

Not

covered

1 - 3

weeks

4 - 6

weeks

7 - 9

weeks

10

or more

weeks

a. Numeration / place value 1 2 3 4 5

b. Addition / subtraction of whole numbers 1 2 3 4 5

c. Multiplication / division of whole numbers 1 2 3 4 5

d. Geometry 1 2 3 4 5

e. Fractions 1 2 3 4 5

 f. Measurement  (e.g., length, area) 1 2 3 4 5

g. Money 1 2 3 4 5

h. Statistics / data analysis / probability 1 2 3 4 5

 i. Patterns / functions / algebra 1 2 3 4 5

6. Below is a selected list of processes that you may emphasize in teaching mathematics to your fourth-grade students.  How
much emphasis do you place on each of the following?

(Circle One Response in Each Row)

No emphasis

Slight

emphasis

Moderate

emphasis

Great

emphasis

a. Proof and justification/verification (e.g., using logical

argument to demonstrate correctness of mathematical

relationship)

1 2 3 4

b. Problem solving (e.g., finding solutions that require

more than merely applying rules in a familiar situations)
1 2 3 4

c. Communication (e.g., expressing mathematical ideas

orally and in writing)
1 2 3 4

d. Connections (e.g., linking one mathematical concept

with another; applying math ideas in contexts outside of

math)

1 2 3 4

e. Representations (e.g., using tables, graphs and other

ways of illustrating mathematical relationships)
1 2 3 4
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Instruction

Many teachers divide students into skill-based groups for mathematics instruction and use different teaching approaches for the

groups.

7. In your current class, do you use different teaching approaches for different skill-based groups?

(Circle One)

No  ........................   1   Skip to Question 10 44/

Yes ........................   2   Continue with Question 8

8. How many skill-based groups do you typically form in your class?

(Circle One)

2 3 4 5  or more 45/

9. Approximately what percent of the total time you teach mathematics do you teach differently to skill-based groups?
(Circle One)

0 - 24 % ............................  1 46/

25% - 49 % .......................  2

50% - 74 % .......................  3

75% - 100 % .....................  4



48 CARD 01

10. On average throughout the year, approximately how often do you employ the following teaching strategies during your

mathematics lessons?
(Circle One Response in Each Row)

Never

A few

times

a year

Once or

twice

a month

Once or

twice

a week

Almost

every day

a. Lecture or introduce content through formal

presentations
1 2 3 4 5

b. Use open-ended questions 1 2 3 4 5

c. Require students to explain their reasoning when

giving an answer
1 2 3 4 5

d. Encourage students to communicate

mathematically
1 2 3 4 5

e. Encourage students to explore

alternative methods for solutions
1 2 3 4 5

 f. Help students see connections between

mathematics and other disciplines
1 2 3 4 5



49 CARD 01

11. On average throughout the year, approximately how often do your students take part in the following activities as part of

their mathematics lessons?
(Circle One Response in Each Row)

Never

A few

times

a year

Once or

twice

a month

Once or

twice

a week

Almost

every day

a. Practice computational skills 1 2 3 4 5

b. Share ideas or solve problems

with each other in small groups
1 2 3 4 5

c. Engage in hands-on mathematics activities 1 2 3 4 5

d. Work on extended mathematics investigations (a

week or more

in duration)

1 2 3 4 5

e. Memorize mathematics facts, rules,

or formulas
1 2 3 4 5

 f. Record, represent, or analyze data 1 2 3 4 5

g. Take short-answer tests (e.g., multiple-choice,

true / false, fill-in-the-blank)
1 2 3 4 5

h. Take tests requiring open-ended

 responses (e.g., explanations,

 justifying solutions)

1 2 3 4 5
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Teaching Scenarios

Instructions.  The following questions contain brief “scenarios” or stories that describe teaching situations and ask how you would

respond in each case.  We know there are many ways to teach mathematics, and you may not organize your lessons in the manner

that is presented.  Please answer as if you were in the situation that is described.

The scenarios are brief and do not describe every detail.  Assume that other features are similar to your current school and your

current students.

Please do the following:

a. Read the scenario.
b. Read the first possible option.
c. Circle the response that shows how likely you would be to do this option.
d. Read the next option and circle your response.
e. Repeat the process until you have responded to all the options.

f. Please evaluate each of the options independently of the others.  In other words, you may
     select as many 1’2 (or 2’s or 3’s or 4’s) as you like.

SCENARIO  I.  AREA AND PERIMETER  (4 QUESTIONS)

Imagine you are teaching mathematics to a fourth-grade class.  The students are familiar with the operations addition and

multiplication, and they know the meaning of perimeter.  You are about to begin a week-long unit on area.

12. You are ready to start the unit by introducing the concept of area.  How likely are you to do each of the following as an initial

activity for the unit?

(Circle One Response in Each Row)

Very unlikely Somewhat

unlikely

Somewhat

likely

Very

likely

a. Ask students what they know about area 1 2 3 4

b. Have students work in groups to measure area, e.g.,

finding the number of square tiles that are needed to

cover the desks in the classroom

1 2 3 4

c. Demonstrate how to compute the area of a rectangle

by using the formula A = L x W (i.e., the product of

the length and width)

1 2 3 4

d. Review students’ knowledge of perimeter
1 2 3 4

 e. Have students use geoboards to construct figures and

determine their areas

1 2 3 4

f. Pose a problem that leads to a discussion of area, such

as which of two shapes with equal perimeters students

think is bigger

1 2 3 4

g. Lead a classroom discussion about the methods for

determining the area of rectangular-shaped objects

(e.g., parks of different sizes)

1 2 3 4

h.   Define area as the number of square units that cover a

surface.

1 2 3 4
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13.   You are at the midpoint of your unit on area, and most students appear to understand how to compute the area of a

rectangular-shaped figure. You ask your students to compute the area of the following shape, which is made up of 2 x 2

squares.

2

2

When most students appear to have completed the task, you ask Chris if he will share his solution.  He says “The area is 24.  I

multiplied 4 wide times 3 high and got 12, and then I multiplied by 2 to get 24.”

You know, however, that the area is 48 square units.

After praising Chris for remembering the formula for area, what do you do next?  How likely are you to do each of the following?

(Circle One Response in Each Row)

Very unlikely Somewhat

unlikely

Somewhat

likely

Very

likely

a. Ask Chris what are the actual length and width of the

rectangle

1 2 3 4

b. Leave the problem unresolved for a moment, and ask

Chris to calculate the area of a single 2 by 2 square

1 2 3 4

c. Suggest that Chris use graph paper or a geoboard to

solve the problem

1 2 3 4

d.  Remind Chris that each square in the rectangle is 2 by 2

so the area of each square is four square units

1 2 3 4

e. Explain that figure is actually 8 units wide and 6 units

high, so its area is 48 square units.  Then pose another

similar problem

1 2 3 4

f. Ask the class if anyone can explain how s/he obtained

a different answer

1 2 3 4

g.   Ask Chris to demonstrate how he solved the problem,

using either concrete objects or a picture

1 2 3 4
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14.   You are almost at the end of the unit on area.  You ask students to work in pairs or groups to solve the following problem.

What is the area of the figure drawn below?

After working on the problem for a while, you ask each group if they will share their work.

The first group responds that the area is 8 square units.  They explain that they counted the squares

inside the triangle and had 6 whole squares and 4 half squares.  Together that makes 8 square units.

The second group says they got the same answer but did it differently.  They computed the area of the

4x4 square containing the triangle and then took one-half of it.  The area of the square is 4 times 4 or

16 square units, so the area of the triangle must be 8 square units.
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After you praise both groups for using effective strategies, how likely are you to do each of the following in response to the two

explanations?

(Circle One Response in Each Row)

Very unlikely Somewhat

unlikely

Somewhat

likely

Very

likely

a. Ask the class if they can think of another way to solve

the problem

1 2 3 4

b. Suggest that the class check the result by counting the

area of the triangle that results from the other half of

the square

1 2 3 4

c. Tell them that the second group’s method is easier

because it is sometimes difficult to count the parts of

the squares

1 2 3 4

d. Tell them they are both right and move on to the next

problem

1 2 3 4

e. Have a classroom discussion about the differences

between the two approaches

1 2 3 4
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15.   If you were to design a unit on area for your current class, how much emphasis would you place on each of the following

learning objectives?

(Circle One Response in Each Row)

No emphasis Slight

emphasis

Moderate

emphasis

Great

emphasis

a. Students will be able to write the formula for

calculating the area of a rectangular figure

1 2 3 4

b. Students will be able to use geoboards and graph paper

to represent area

1 2 3 4

c. Students will be able to compute the area of squares

and rectangles given the lengths of their sides

1 2 3 4

d. Students will be able to extend what they have learned

to calculating the area of irregular shapes

1 2 3 4

e. Students will be able to solve applied problems that

use area, such as figuring out the amount of tile needed

to cover a rectangular floor

1 2 3 4

 f. Students will understand the relationship between area

and perimeter

1 2 3 4

g. Students will be able to construct shapes of a given

area

1 2 3 4
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SCENARIO II:  TWO-DIGIT MULTIPLICATION (4 QUESTIONS)

Instructions.  Please imagine that you are in the situation that is described, and indicate how likely or unlikely you would be to do

each of the possible options.  We understand that you may not actually organize your lessons in the manner that is presented here,

but try to respond as if you were in the situation as described and teaching your current students.

Read each option and circle the number that shows how likely you would be to do that option.

Remember, you may select as many 1’s (or 2’s or 3’s or 4’s) as you like.

Imagine you are teaching mathematics to a fourth-grade class.  The students are familiar with place value and with the

multiplication facts up to 10 times 10, and you are about to begin a week-long unit on multiplication involving larger numbers.

16.   You are ready to start the unit by introducing multiplication of two-digit numbers.  How likely are you to do each of the

following as an initial activity for the unit?

(Circle One Response in Each Row)

Very unlikely Somewhat

unlikely

Somewhat

likely

Very

likely

a. Ask students what they know about multiplying two-

digit numbers

1 2 3 4

b. Have students work in groups to solve problems such

as finding the number of inches in 20 feet

1 2 3 4

c. Demonstrate the standard algorithm for multiplying 2

two-digit numbers

1 2 3 4

d. Review how to multiply two- and three-digit numbers

by a one-digit number

1 2 3 4

e. Have students use graph paper to represent the product

of two numbers as a rectangular grid

1 2 3 4

 f. Pose a problem that leads to a discussion of two-digit

multiplication, such as how you much you would earn

in a year if your allowance is $15 per month

1 2 3 4

g. Lead a classroom discussion about the procedure for

multiplying two-digit numbers

1 2 3 4

h.  Define multiplication as repeated addition
1 2 3 4
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17.   You are part of the way through the unit on multiplying two-digit numbers, and students have used different methods to

compute products of two-digit numbers.  Your students know the standard algorithm for multiplying two-digit numbers.

You ask your students to figure out how many miles Jerry can drive on 17 gallons of gas if Jerry’s car goes 23 miles per gallon of

gas.

When most students appear to have completed the task, you ask Leah if she will share her solution.  She says “I multiplied 20 times

20 and got 400. This works because 23 is three more than 20 and 17 is three less than 20.  So, Jerry can drive 400 miles.”

You know, however, that the answer is 391 miles.

After praising Leah for making a good estimate, what do you do next?  How likely are you to do each of the following?

(Circle One Response in Each Row)

Very unlikely Somewhat

unlikely

Somewhat

likely

Very

likely

a. Ask Leah if subtracting 3 miles per gallon is the same

as adding 3 gallons of gas

1 2 3 4

b. Leave the problem unresolved for the moment and ask

Leah if this method works in a simpler case, e.g.,

compare 9 x 11 with 10 x 10

1 2 3 4

c. Suggest that Leah use place-value blocks or graph

paper to solve the problem

1 2 3 4

d. Remind Leah that adding three to one factor and

subtracting it from the other does not yield the same

answer

1 2 3 4

e. Explain that 23 x 17 is actually 391.  Then pose

another similar problem

1 2 3 4

 f. Ask the class if anyone can explain how s/he obtained

a different answer

1 2 3 4

g.   Help Leah write out her approach so the distributive

property is apparent

1 2 3 4
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18.   You are almost at the end of the unit on multiplying two-digit numbers.  You ask students to work in pairs or groups to solve

the following problem.

Each school bus can hold 41 people.  How many people can go on a field trip if the district has 23 buses available?  Find

the answer and demonstrate why it is correct.

After working on the problem for a while, you ask each group if they will share their work.

The first group says the answer is 943, and they use the standard algorithm to show how they obtained this result.

41

x 23

__________

           123

           82

__________  

           943

The second group says the answer is 943, and they explain that they broke the numbers into tens and ones and used the

distributive property.

41 x 23 = (40 +1) x (20 + 3) = (40 x 20) + (40 x 3) + (1 x 20) + (1 x 3) = 800 + 120 + 20 + 3 = 943

After praising both groups for using effective strategies, how likely are you to do each of the following in response to these two

explanations?

(Circle One Response in Each Row)

Very unlikely Somewhat

unlikely

Somewhat

likely

Very

likely

a. Ask the class if they can think of another way to solve

the problem

1 2 3 4

b. Suggest that the class check the results by using a

calculator

1 2 3 4

c. Tell them the first group’s method is faster
1 2 3 4

d. Tell them they are both right and move on to the next

problem

1 2 3 4

e. Have a classroom discussion about the differences

between the two approaches

1 2 3 4



58 CARD 01

19.   If you were to design a unit on two-digit multiplication for your current class, how much emphasis would you place on each

of the following learning objectives?

(Circle One Response in Each Row)

No emphasis Slight

emphasis

Moderate

emphasis

Great

emphasis

a. Students will be able to define the terms factor and

product

1 2 3 4

b. Students will be able to use place-value blocks or

graph paper to represent two-digit multiplication

1 2 3 4

c. Students will be able to multiply two-digit numbers

using the standard algorithm

1 2 3 4

d. Students will be able to multiply two-digit numbers

using alternative approaches to the standard algorithm

(e.g., distributive property)

1 2 3 4

e. Students will understand how two-digit multiplication

can be extended to larger numbers

1 2 3 4

 f. Students will understand how place value relates to

two-digit multiplication

1 2 3 4

g. Students will be able to estimate the product of two-

digit numbers

1 2 3 4

Teacher Background

20. Are you: (Circle One)

Male  ............................................  1 63/

Female ..........................................  2

21. Are you: (Circle One)

a. African-American (not of Hispanic origin)  ...................................  1 64/

b. American Indian or Alaskan Native ................................................  2

c. Asian or Pacific Islander .................................................................  3

d. Hispanic ............................................................................................  4

e. White (not of Hispanic origin) ........................................................  5

 f. Other (describe) ................................................................................  6

___________________________________________________
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22. What is the highest degree you hold? (Circle One)

a. BA or BS  .........................................................................................  1 65/

b. MA or MS ........................................................................................  2

c. Multiple MA or MS .........................................................................  3

d. PhD or EdD ......................................................................................  4

e. Other (describe) .................................................................................  5

___________________________________________________

23. Did you major in mathematics or a mathematics-intensive field for your Bachelor’s degree (e.g., engineering, statistics,

physics)?

(Circle One)

No  ................................................  1 66/

Yes ...............................................  2

24. Did you minor in mathematics or a mathematics-intensive field for your Bachelor’s degree (e.g., engineering, statistics,

physics)?
(Circle One)

No  ................................................  1 67/

Yes ...............................................  2

25. What type of teaching certification do you hold? (Circle One)

a. Not certified .....................................................................................................................  1 68/

b. Temporary, provisional, or emergency certification

 (requires additional coursework before regular certification

 can be obtained) ..............................................................................................................  2

c. Probationary certification (the initial certification issued

after satisfying all requirements except the completion

of a probationary period) .................................................................................................  3

d. Regular or standard certification ....................................................................................  4

26. Do you hold a specific certificate or endorsement for teaching mathematics? (Circle One)

No  ................................................  1 69/

Yes ...............................................  2
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27. Including this year, how many years have you taught on a full-time basis? ......................... YEARS 11-12/

28. Including this year, how many years have you taught fourth-graders? ................................. YEARS 13-14/

29. With respect to the mathematics that you are asked to teach, how confident are you in your

mathematical knowledge?
(Circle One)

a. Not confident at all ..........................................................................................................  1 70/

b. Somewhat confident ........................................................................................................  2

c. Moderately confident ......................................................................................................  3

d. Very confident .................................................................................................................  4

Class Composition

30. What percent of students in your class is classified as Limited English Proficient (LEP) or

English Language Learners (ELL)?

% 71-73/

31. How would you describe the variation in mathematics ability of students in your class?

(Circle One)

a. Fairly homogenous and low in ability ............................................................................  1 74/

b. Fairly homogenous and average in ability .....................................................................  2

c. Fairly homogenous and high in ability............................................................................  3

d. Heterogeneous with a mixture of two or more ability levels .........................................  4

Thank you very much for completing this survey.
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Appendix B

Grade 7 Science Teacher Survey

Professional Development in Science

1. Teachers participate in many workshops, seminars, courses, and other organized professional

development activities.  These programs may address many areas of science, including pedagogy,

content, and curriculum, but most programs have a particular focus.  In the past 12 months, how much

time have you spent on professional development activities that focused on the following aspects of

teaching science?  For activities or sessions that covered more than one topic, estimate the time for each

topic covered.

(Circle One Response in Each Row)

None

Less

than 4

hours

4 - 8

hours

9 - 16

hours

More

than 16

hours

a. In-depth study of science content 1 2 3 4 5

b. Methods of teaching science 1 2 3 4 5

c. Use of particular science curricula

or curriculum materials
1 2 3 4 5

d. Students’ scientific thinking 1 2 3 4 5

e. Science standards (NSEB, NSTA, state

and / or district) or framework
1 2 3 4 5

 f. Science assessment / testing 1 2 3 4 5

g. Use of educational technology for science

instruction
1 2 3 4 5

IDENTIFYING A TARGET CLASS FOR THE REMAINDER OF THE SURVEY

We want you to identify a seventh-grade science class in which your teaching is fairly typical of the way you

teach seventh-grade science.

2. Which periods do you teach science to seventh-grade students?

22-29/

Period: (Circle All That Apply)

“0” or “AM” 1 2 3 4 5 6 7
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Think about which of these classes is typical in terms of the way you teach seventh-grade science, and select

that period as the target class.  If your teaching of seventh-grade science is quite different in all your classes,

please select your first seventh-grade science class of the day as the target class.

3. Which period are you using as the target class?

30/

Period: (Circle One)

“0” or “AM” 1 2 3 4 5 6 7

Curriculum

4. In a typical week, how many hours of science instruction do students

receive in the target class? Hours per Week

5. How much time will you spend teaching each of the following areas of science in the target class this

school year?
(Circle One Response in Each Row)

Less

than 1

week

1 - 3

weeks

4 - 6

weeks

8 - 11

weeks

12

weeks

or

more

a. Structure and Function in Living Things 1 2 3 4 5

b. Disease 1 2 3 4 5

c. Light and Sound 1 2 3 4 5

d. Solar Systems 1 2 3 4 5

e. Other (please describe) _______________

__________________________________

1 2 3 4 5

6.  How many class periods will you devote to using Science Sleuths in the target class this school year?

PERIODS
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7. When you teach Structure and Function in Living Things in the target class, how much emphasis did

you place on the following skills and activities?

(Circle One Response in Each Row)

No

emphasis

Slight

emphasis

Moderate

emphasis

Great

emphasis

a. Learning the useful and limiting attributes of

models
1 2 3 4

b. Learning scientific vocabulary 1 2 3 4

c. Conducting a controlled investigation,

manipulating one variable
1 2 3 4

d. Learning specific information about

cells, tissues, organs, and organ systems
1 2 3 4

e. Collecting data 1 2 3 4

 f. Learning about the contribution of science

 to everyday life
1 2 3 4

g. Constructing or drawing physical models

to explain scientific phenomena
1 2 3 4

h. Identifying independent and dependent

variables in an investigation
1 2 3 4

 i. Using evidence from an investigation to

support a conclusion
1 2 3 4

 j. Carrying out a planned experiment 1 2 3 4

k. Making observations and recording data 1 2 3 4



64 CARD 01

8. On average throughout the year, approximately how often do you employ the following teaching

strategies in the target class?
(Circle One Response in Each Row)

Never

A few

times

a year

Once or

twice

a month

Once or

twice

a week

Almost

every day

a. Lecture or introduce content through

formal presentation
1 2 3 4 5

b. Use open-ended questions 1 2 3 4 5

c. Require students to supply evidence

 to support their claims
1 2 3 4 5

d. Encourage students to explain concepts

to one another
1 2 3 4 5

e. Encourage students to consider

alternative explanations
1 2 3 4 5

 f. Help students see connections between

science and other disciplines
1 2 3 4 5

9. On average throughout the year, approximately how often do your students take part in the following

activities in the target class?
(Circle One Response in Each Row)

Never

A few

times

a year

Once or

twice

a month

Once or

twice

a week

Almost

every day

a. Answer textbook / worksheet questions 1 2 3 4 5

b. Share ideas or solve problems with

 each other in small groups
1 2 3 4 5

c. Engage in hands-on science activities 1 2 3 4 5

d. Work on extended science investigations

or projects (a week or more in duration)
1 2 3 4 5

e. Learn science vocabulary 1 2 3 4 5

 f. Record, represent, and / or analyze data 1 2 3 4 5
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g. Take short-answer tests (e.g., multiple-

choice, true / false, fill-in-the-blank)
1 2 3 4 5

h. Take tests requiring open-ended

 responses (e.g., explanations,

 justifying solutions)

1 2 3 4 5

73-74/

PERIODS

10. Are the following tools/materials available for use in the target class?

(Circle One Response in Each Row)

Do Not

Know

Not

Available

Partially

Available

Fully

Available

a. Weighing balances, spring scales 1 2 3 4

b. Beakers, graduated cylinders 1 2 3 4

c. Thermometers 1 2 3 4

d. Metric rulers 1 2 3 4

e. Stereoscopes or magnifying lenses 1 2 3 4

 f. Aquariums, plants, etc. 1 2 3 4

g. Distilled water for experiments 1 2 3 4

h. Conversion charts or tables 1 2 3 4

11. Think about your responses to survey questions 4 through 10.  In which other seventh-grade science

classes

(in addition to the target class) are your teaching practices similar to those you described for the target

class?

(Circle the periods where your seventh-grade science teaching is similar to the target class.) 91-98/

Period:

“0” or “AM” 1 2 3 4 5 6 7
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Teaching Scenarios

Instructions.  The following questions contain brief scenarios or stories that describe teaching

situations and ask how you would respond in each case.  We know there are many ways to teach

science, and you may not organize your lessons in the manner that is presented.  Please answer

as if you were in the situation that is described.

The scenarios are brief and do not describe every detail.  Assume that other features are similar

to your current school and your current students.

Please do the following:

a. Read the scenario.

b. Read the first possible option.

c. Circle the response that shows how likely you would be to do this option.

d. Read the next option and circle your response.

e. Repeat the process until you have responded to all the options.

f. Please evaluate each of the options independently of the others.  In other words, you

may select as many 1’s (or 2’s or 3’s or 4’s) as you like.

SCENARIO I: SOUND WAVES (4 QUESTIONS)

Imagine you are teaching a nine-week unit on the wave properties of sound and light to a

seventh-grade class.  You have completed introductory lessons on the properties of waves,

including amplitude, frequency and wavelength. You are about to begin a week long series of

lessons on sound during which students will investigate how the amplitude and frequency of

sound waves affect the loudness and pitch of a sound.

12. The first experimental activity in the series of lessons on sound involves investigating
how the amplitude of a sound wave affects the loudness of a sound.  Students will place a few
grains of rice on top of a “drum-like” sound detector (made of an empty soup can, a thin
sheet of rubber, and rubber band) and observe the rice “dance” as a result of the sound waves
coming from a radio placed below the sound detector.   There are different ways a teacher
might introduce this activity.
How likely are you to introduce the activity in each of the following ways?

(Circle One Response in Each Row)

Very

unlikely

Somewhat

unlikely

Somewhat

likely

Very

likely

a. Have students read in their textbook (or other

source) about the relationship between the

amplitude of a sound wave and the loudness

of a sound (assume that you have access to

such reading material)

1 2 3 4
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b. Ask students to share their ideas about how to

investigate the relationship between

amplitude of sound waves and loudness

1 2 3 4

c. Let students explore with the materials they

will use in the investigation

1 2 3 4

d. Have students observe changes in the

vibrations of a cymbal and the loudness of

the sound as you hit it with a drum stick

1 2 3 4

e. Describe the process students should follow

to complete the investigation

1 2 3 4

f. Review the properties of waves previously

discussed (amplitude, frequency and

wavelength)

1 2 3 4

g. Ask students to predict what would happen to

the grains of rice on top of the sound detector

as the volume of the radio is changed

1 2 3 4

h. Ask students to describe the ways the sound

of an instrument can be changed

1 2 3 4
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13. Students have begun to work in groups to investigate the relationship between the

amplitude of the sound wave and the loudness of the sound.  Students built a “drum-like” sound

detector using an empty metal can open at both ends. They stretched a thin sheet of rubber over

one end and secured it with a rubber band.  Students place a few grains of rice on top of the latex

surface.  Using a small portable radio as a source of sound, the students change the loudness of

the sound while holding the sound detector a constant distance from the radio, observe the rice

“dancing” on top of the empty can, and record their observations.

Most groups observe that as they increase the loudness of the radio, the movement of the

rice increases. However, one group does not seem to see any pattern between loudness

and movement on their sound detector.  You watch them more closely and see that they

are taking turns holding the detector and changing the loudness, but each person holds

the detector a different distance from the radio.

How likely are you to respond to the group in each of the following ways?

(Circle One Response in Each Row)

Very

unlikely

Somewhat

unlikely

Somewhat

likely

Very

likely

a. Review with them the procedures they were

supposed to use, including the requirement

that the sound detector be placed a constant

distance from the radio

1 2 3 4
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b. Ask them what things are different when they

take turns holding the sound detector

1 2 3 4

c. Remind students that they should keep the

detector the same distance from the radio

1 2 3 4

d. Ask them whether the distance between the

radio and the sound detector matters

1 2 3 4

• Ask them if their results make sense to them
1 2 3 4

• Suggest that they explore what happens when

the volume stays the same and the distance

between the sound detector and the radio

changes

1 2 3 4
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14. Later in the week, the class investigates the relationship between the frequency of a sound

wave and the pitch of a sound.  Each group builds a one string “guitar” using a shoebox, a

rubber band, and two pencils, as shown in the diagram below.  Students vary the distance

between the pencils to change the frequency of the sound.  They observe the effect on pitch,

and record their observations.  When they have finished you ask them to describe what

feature of the guitar affected the pitch of the sound it produced.

A student from group one says, “The frequency of the wave changed the pitch.  When

the pencils were closer together the frequency was greater and the pitch was higher”

A student from group two gives a different answer (letting you know that group two

had done some other experimenting after they finished the planned investigation).

“We found that the more we pulled on the rubber band to make it tighter the higher

the sound became.  So pitch comes from how hard you pull.”

You know that the distance between the pencils affects the frequency and therefore the

pitch but that the tension also affects the frequency and the pitch.

How likely are you to respond to these comments in each of the following ways?

(Circle One Response in Each Row)

Very

unlikely

Somewhat

unlikely

Somewhat

likely

Very

likely

a. Have the other students conduct an

experiment to test group two’s result

1 2 3 4

b. Indicate that they are both right – frequency

and tension both affect pitch – and move on

to the next activity

1 2 3 4

c. Ask group two what they found out about the

effect of length on pitch

1 2 3 4

d. Have students discuss how the two

approaches are used in musical instruments

1 2 3 4

e. Explain that the pitch of a sound depends on

a number of factors, including the distance

between the pencils and how tightly the band

is stretched

1 2 3 4
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f. Ask students if they think both techniques

will allow them to produce the same range of

pitches
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15. If you were to design a series of lessons on the wave properties of sound for the target

class, how much emphasis would you place on each of the following learning objectives?
(Circle One Response in Each Row)

No

emphasis

Slight

emphasis

Moderate

emphasis

Great

emphasis

a. Students will be able to define wave

amplitude and frequency

1 2 3 4

b. Students will understand how the wave

properties of sound affect the loudness and

the pitch of a sound

1 2 3 4

c. Students will learn to follow instructions

and complete an investigation

1 2 3 4

d. Students will recognize the importance

of keeping procedures the same when

conducting an investigation

1 2 3 4

e. Students will recognize the importance of

observing and recording accurately

1 2 3 4

f. Students will know that increasing the

amplitude of a sound wave creates a louder

sound and increasing the frequency creates a

higher pitch

1 2 3 4



73 CARD 01

Instructions.  As in Scenario I, please imagine that you are in the situation that is described, and

indicate how likely or unlikely you would be to do each of the possible options.  We understand

that you may not actually organize your lessons in the manner that is presented here, but try to

respond as if you were in the situation as described and teaching your current set of students.

Read each option and circle the number that shows how likely you would be to do that

option.

Remember, you may select as many 1’s (or 2’s or 3’s or 4’s) as you like.

SCENARIO II: ANTIBIOTICS (4 QUESTIONS)

Imagine you are teaching a nine-week unit on disease-causing pathogens to a seventh-grade
class.  You have just completed a series of lessons studying viruses and how vaccines prevent
viral infections.

16. You are about to begin a week-long series of lessons on antibiotics and how they are used
to combat specific bacterial infections.  The lessons will include observing how different
antibiotics affect bacteria growth in petri dishes.  There are different ways a teacher might
introduce this topic.

How likely are you to do each of the following as an initial activity in this series of lessons?

(Circle One Response in Each Row)

Very

unlikely

Somewhat

unlikely

Somewhat

likely

Very

likely

a. Explain that bacteria are another type of

pathogen and ask students to list possible

features of antibiotics based on what they

know about viruses and vaccines

1 2 3 4

b. Have groups of students read about different

features of bacteria and antibiotics in their

textbook (or other sources) and share the

findings with the class

1 2 3 4

c. Review what the students have learned about

viruses, making a connection to the new

lesson by telling students that bacteria are

another type of pathogen

1 2 3 4

d. Demonstrate how bacteria grow using a petri

dish and a nutrient like agar.

1 2 3 4
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e.  Ask students what they know about bacteria

and antibiotics

1 2 3 4

 f. Have a discussion about a familiar bacterial

infection like “Strep Throat” and how it is
treated

1 2 3 4
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17. Students have spent some time working in groups doing library research on bacterial

infections and ways to combat them.

You are having a classroom discussion about the information they

obtained. One group claims that certain soaps contain antibiotics because

they can kill bacteria.

You know that many soaps use disinfectants to kill bacteria, but they

do not contain antibiotics.

How likely are you to respond to the students’ claim in the following ways?

(Circle One Response in Each Row)

Very

unlikely

Somewhat

unlikely

Somewhat

likely

Very

likely

a. Ask students to suggest ways they might find

out if soaps contain antibiotics

1 2 3 4

b. Explain that soaps contain chemicals that can

kill many organisms but these chemicals are
not antibiotics

1 2 3 4

c. Ask students to discuss whether household

soap can be used to treat a bacterial infection

1 2 3 4

d. Ask students to find out what ingredients are

contained in the soaps they use and to report

back the next day

1 2 3 4

e. Explain that killing bacteria is not the only

property that defines an antibiotic

1 2 3 4
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18. In the next lesson, students will observe the effects of different antibiotics on a particular

bacteria. To prepare for the lesson, you have obtained a sample of  E. coli (a friendly

bacteria) and two different antibiotics.  One of the antibiotics is specific to E. coli and the

other is not.  You have also prepared two petri dishes, each filled with agar (a bacterial

nutrient) and one of the antibiotics.

The students watch you place a small amount of E. coli on the tip of a cotton swab and brush it

across the surface of the agar in each of the petri dishes. The dishes are placed in a warm

location, and students observe the bacterial growth that occurs in the petri dishes.  After three

days, students report:

Dish 1 shows no bacterial growth.

Dish 2 is full of bacterial growth.

You ask students to explain the differences between the bacteria growth in the petri dishes.

One student says that the antibiotic in Dish 1 is the strongest because there are no

bacteria.

Another student says that the antibiotic in Dish 2 could be just as strong but the bacteria

could have become resistant to the antibiotic during the past few days.

You know that E. Coli only responds to the antibiotic that was used in Dish 1, not the antibiotic

used in Dish 2.

How likely are you to respond to the students’ statements in the following ways?

(Circle One Response in Each Row)

Very

unlikely

Somewhat

unlikely

Somewhat

likely

Very

likely

a. Ask the class to discuss the two statements as

well as other explanations for the evidence in

the petri dishes

1 2 3 4

b. Indicate that the antibiotic you used in Dish 2

is not specific for E. Coli bacteria

1 2 3 4

c. Ask the class if they think the antibiotic in

Dish 1 would be more effective on a different
bacterium

1 2 3 4

d. Explain that antibiotic resistance only develops

over longer periods of time

1 2 3 4
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e. Find out what the first student means by

“strongest”

1 2 3 4

f. Ask the class why a doctor would prescribe

one antibiotic rather than another

1 2 3 4
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19. If you were to design a series of lessons on antibiotics for the target class, how much

emphasis would you place on each of the following learning objectives?

(Circle One Response in Each Row)

No

emphasis

Slight

emphasis

Moderate

emphasis

Great

emphasis

a. Students will gain a greater appreciation for

the importance of antibiotics

1 2 3 4

b. Students will be able to define words like

antibiotic, disinfectant, and anti-bacterial agent

1 2 3 4

c. Students will recognize similarities and

differences between vaccines and antibiotics

1 2 3 4

d. Students will understand ways in which

modern medicine can fight infections

1 2 3 4

e. Students will be able to describe different

pathogens and how they affect the human body

1 2 3 4

f. Students will understand how antibiotics are

used to fight bacterial infections



79 CARD 01

Teacher Background

20. Are you: (Circle One)

Male  ...............................   1 60/

Female .............................   2

21. Are you: (Circle One)

a. African-American (not of Hispanic origin)  ..............   1 61/

b. American Indian or Alaskan Native ..........................   2

c. Asian or Pacific Islander ..........................................   3

d. Hispanic ...................................................................   4

e. White (not of Hispanic origin) ..................................   5

 f. Other (describe) ........................................................   6

__________________________________________

22. What is the highest degree you hold? (Circle One)

a. BA or BS  ................................................................   1 62/

b. MA or MS ................................................................   2

c. Multiple MA or MS .................................................   3

d. PhD or EdD .............................................................   4

e. Other (describe) ............................................................   5

__________________________________________

23. Did you major in science or a science-intensive field for your Bachelor’s degree (e.g., pre-

med, engineering, etc.)?
(Circle One)

No  ...................................   1 63/

Yes ..................................   2
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24. Did you minor in science or a science-intensive field for your Bachelor’s degree (e.g., pre-

med, engineering, etc.)?

(Circle One)

No  ...................................   1 64/

Yes ..................................   2

25. What type of teaching certification do you hold? (Circle One)

a. Not certified .....................................................................................   1 65/

b. Temporary, provisional, or emergency certification

 (requires additional coursework before regular certification

 can be obtained) ...............................................................................   2

c. Probationary certification (the initial certification issued

after satisfying all requirements except the completion

of a probationary period) ..................................................................   3

d. Regular or standard certification .......................................................   4

26. Do you hold a specific certificate or endorsement for teaching science? (Circle One)

No  ...................................   1 66/

Yes ..................................   2

67-68/

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

28. Including this year, how many years have you taught seventh-graders? .... YEARS 13-14/

29. Including this year, how many years have you taught seventh-grade science?

YEARS

30. Have you ever served as a Master Science Teacher for the MCPS Science Connections

project?

(Circle One)
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No  ...................................   1 69/

Yes ..................................   2

31. Have you ever served as a Science Resource Teacher for MCPS?
(Circle One)

No  ...................................   1 70/

Yes ..................................   2

32. With respect to the science that you are asked to teach seventh-graders, how confident are

you

in your knowledge of science?
(Circle One)

a. Not confident at all ...........................................................................   1 71/

b. Somewhat confident .........................................................................   2

c. Moderately confident ........................................................................   3

d. Very confident ..................................................................................   4
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Class Composition

33. What percent of students in your class is classified as Limited English Proficient (LEP) or

English Language Learners (ELL)?

% 72-74/

34. How would you describe the target class in terms of variation in student science ability?

(Circle One)

a. Fairly homogenous and low in ability ...............................................   1 75/

b. Fairly homogenous and average in ability .........................................   2

c. Fairly homogenous and high in ability ...............................................   3

d. Heterogeneous with a mixture of two or more ability levels ..............   4

Thank you very much for completing this survey.
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Appendix C

Elements of Standards-Based Mathematics

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 reoccurring 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 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.

III. Mathematics teaching (How should mathematics be taught?)

A.  Classroom Discourse

Task selection.  Present rich activities (reflecting the content of the mathematical standards)

which 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.
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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 as well as 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 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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Appendix D

Elements of Standards-Based Science Instruction

Elements

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 pre-requisite

ideas needed for understanding rather than just covering the topic.
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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.

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 just a set of assignments related

to a topic but not structured to foster scientific understanding.

Closure. Lessons culminate in conclusions or generalization of 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 that 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 rather than just

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.
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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 E
MATHEMATICS DAILY LOG:  Lesson 1 RAND (012402)

TEACHER NAME

SCHOOL

DATE

UNIT / LESSON / MATERIALS

1. What mathematics unit is the
class studying currently?

2. What was the specific focus
of today’s mathematics lesson
for the typical student?

3. What materials did the typical
student use in this lesson
(e.g., worksheet, calculator,
 etc.)?

4. How many students and adults
 were present (excluding yourself)? _______ students _______ teacher aides _________ other teachers ______adult volunteers

5. How long was today’s mathematics lesson? _______  minutes

6. How much of this time was spent on administrative matters (e. g., school _______  minutes
bulletins, taking roll, PA anouncements) or on student discipline?

7. How long did students work in groups during today’s mathematics lesson? _______  minutes

None 25% 50% 75% All
8. If groups were used, what share Working in groups of similar ability ..................... 1 2 3 4 5

of the group time was used in Working in groups of mixed ability ....................... 1 2 3 4 5
the following ways? Solving new problems together as a group ........... 1 2 3 4 5
(Circle one answer in each row) Discussing problems solved individually .............. 1 2 3 4 5

PLEASE TURN PAGE OVER
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None
1-5

minutes 
6-10

minutes 
11-20

minutes 
21 minutes

or more 

9. How much time did students Review previous mathematics homework .................................   1 2 3 4 5
spend on each of these Read from textbook or other materials ......................................   1 2 3 4 5
activities during today’s Solve problems at the board while the class watches ..............   1 2 3 4 5
mathematics lesson? Explain their thinking about mathematical problems ............   1 2 3 4 5

Lead discussion of a mathematics topic .....................................   1 2 3 4 5
Review mathematics content previously covered ......................   1 2 3 4 5

(Circle one answer in each row) Use manipulatives to solve problems .........................................   1 2 3 4 5
Work on today’s mathematics homework ..................................   1 2 3 4 5

(If groups did different things, Use calculators to solve problems ...............................................   1 2 3 4 5
answer for the typical student Complete worksheets or problem sets from text .......................   1 2 3 4 5
in the average group.) Take test or quiz (please attach copy) ........................................   1 2 3 4 5

10. How much time did you Present new mathematics ideas or procedures .........................   1 2 3 4 5
spend on each of these Demonstrate alternative ways of doing a procedure ................   1 2 3 4 5
activities during today’s Monitor students as they work (individually or in groups) .....   1 2 3 4 5
mathematics lesson? Ask open-ended questions and discuss solutions to them .......   1 2 3 4 5

Correct or review student written work ....................................   1 2 3 4 5
(Circle one answer in each row) Ask questions of individuals to test for understanding ...........   1 2 3 4 5

Respond to questions from students during seatwork .............   1 2 3 4 5
Complete administrative responsibilities (e.g., paperwork) ....   1 2 3 4 5

Never
1 or 2
times

3 or
more
times

11. How often did the following Students engaged in debate / discussion about ways to solve a problem................................  1 2 3
activities occur during Student restated another student’s ideas in different words ..................................................  1 2 3
today’s mathematics Students demonstrated different ways to solve a problem ......................................................  1 2 3
lesson? Teacher encouraged students to use correct mathematical vocabulary ................................  1 2 3

Students explored a problem different from any they had solved previously .......................  1 2 3
(Circle one answer in each row) Students worked on an activity or problem that will take more than one period ................  1 2 3

Teacher or student connected today’s math topic to a previous math topic ..........................  1 2 3
Teacher or student connected today’s math topic to another subject (e.g., social studies) ...  1 2 3

PLEASE ATTACH A COPY OF TODAY’S WORK FROM ONE AVERAGE AND ONE ABOVE-AVERAGE STUDENT
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 MATHEMATICS DAILY LOG:  Lesson 2 RAND (012402)

TEACHER NAME

SCHOOL

DATE

UNIT / LESSON / MATERIALS

1. What mathematics unit is the
class studying currently?

2. What was the specific focus
of today’s mathematics lesson
for the typical student?

3. What materials did the typical
student use in this lesson
(e.g., worksheet, calculator,
 etc.)?

4. How many students and adults
 were present (excluding yourself)? _______ students _______ teacher aides _________ other teachers ______adult volunteers

5. How long was today’s mathematics lesson? _______  minutes

6. How much of this time was spent on administrative matters (e. g., school _______  minutes
bulletins, taking roll, PA anouncements) or on student discipline?

7. How long did students work in groups during today’s mathematics lesson? _______  minutes

None 25% 50% 75% All
8. If groups were used, what share Working in groups of similar ability ..................... 1 2 3 4 5

of the group time was used in Working in groups of mixed ability ....................... 1 2 3 4 5
the following ways? Solving new problems together as a group ........... 1 2 3 4 5
(Circle one answer in each row) Discussing problems solved individually .............. 1 2 3 4 5

PLEASE TURN PAGE OVER
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None
1-5

minutes 
6-10

minutes 
11-20

minutes 
21 minutes

or more 

9. How much time did students Review previous mathematics homework .................................   1 2 3 4 5
spend on each of these Read from textbook or other materials ......................................   1 2 3 4 5
activities during today’s Solve problems at the board while the class watches ..............   1 2 3 4 5
mathematics lesson? Explain their thinking about mathematical problems ............   1 2 3 4 5

Lead discussion of a mathematics topic .....................................   1 2 3 4 5
Review mathematics content previously covered ......................   1 2 3 4 5

(Circle one answer in each row) Use manipulatives to solve problems .........................................   1 2 3 4 5
Work on today’s mathematics homework ..................................   1 2 3 4 5

(If groups did different things, Use calculators to solve problems ...............................................   1 2 3 4 5
answer for the typical student Complete worksheets or problem sets from text .......................   1 2 3 4 5
in the average group.) Take test or quiz (please attach copy) ........................................   1 2 3 4 5

10. How much time did you Present new mathematics ideas or procedures .........................   1 2 3 4 5
spend on each of these Demonstrate alternative ways of doing a procedure ................   1 2 3 4 5
activities during today’s Monitor students as they work (individually or in groups) .....   1 2 3 4 5
mathematics lesson? Ask open-ended questions and discuss solutions to them .......   1 2 3 4 5

Correct or review student written work ....................................   1 2 3 4 5
(Circle one answer in each row) Ask questions of individuals to test for understanding ...........   1 2 3 4 5

Respond to questions from students during seatwork .............   1 2 3 4 5
Complete administrative responsibilities (e.g., paperwork) ....   1 2 3 4 5

Never
1 or 2
times

3 or
more
times

11. How often did the following Students engaged in debate / discussion about ways to solve a problem................................  1 2 3
activities occur during Student restated another student’s ideas in different words ..................................................  1 2 3
today’s mathematics Students demonstrated different ways to solve a problem ......................................................  1 2 3
lesson? Teacher encouraged students to use correct mathematical vocabulary ................................  1 2 3

Students explored a problem different from any they had solved previously .......................  1 2 3
(Circle one answer in each row) Students worked on an activity or problem that will take more than one period ................  1 2 3

Teacher or student connected today’s math topic to a previous math topic ..........................  1 2 3
Teacher or student connected today’s math topic to another subject (e.g., social studies) ...  1 2 3

PLEASE ATTACH A COPY OF TODAY’S WORK FROM ONE AVERAGE AND ONE ABOVE-AVERAGE STUDENT
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Appendix F
SCIENCE DAILY LOG:  Lesson 1 RAND (012402)

TEACHER NAME

SCHOOL

DATE

UNIT / LESSON / MATERIALS

1. What science unit is the class
studying currently?

2. What was the specific focus
of today’s science lesson
for the typical student?

3. What equipment or kit did
students use in this lesson
(e.g., worksheet, magnifying
glass, tuning fork, etc.)?

4. How many students and adults
 were present (excluding yourself)? _______ students _______ teacher aides _________ other teachers ______adult volunteers

5. How long was today’s science lesson? ........................................................................................ ______  minutes

6. How much of this time was spent on administrative matters (e. g., school .................. _______  minutes
bulletins, taking roll, PA anouncements) or on student discipline?

7. How much time did students spend doing hands-on science investigations? ................ ______  minutes

8. How long did students work in groups during today’s science lesson? .......................... ______  minutes

None 25% 50% 75% All
9. If groups were used, what share Working in groups of similar ability ..................... 1 2 3 4 5

of the group time was used in Working in groups of mixed ability ....................... 1 2 3 4 5
the following ways? Solving new problems together as a group ........... 1 2 3 4 5

(Circle one answer in each row) Discussing problems solved individually .............. 1 2 3 4 5

PLEASE TURN PAGE OVER
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None
1-5

minutes 
6-10

minutes 
11-20

minutes 
21 minutes

or more 

10. How much time did students Review previous science homework ...........................................   1 2 3 4 5
spend on each of these Read from textbook or other materials ......................................   1 2 3 4 5
activities during today’s Discuss evidence to support a scientific hypothesis .................   1 2 3 4 5
science lesson? Explain their thinking about scientific ideas ............................   1 2 3 4 5

Lead discussion of a science topic ...............................................   1 2 3 4 5
(Circle one answer in each row) Review science content previously covered ...............................   1 2 3 4 5

Work on today’s science homework ............................................   1 2 3 4 5
(If groups did different things, Use computers to solve problems related to science..................   1 2 3 4 5
answer for the typical student Complete worksheets or problem sets from text .......................   1 2 3 4 5
in the average group.) Take test or quiz (please attach copy) ........................................   1 2 3 4 5

11. How much time did you Present new science ideas or procedures ...................................   1 2 3 4 5
spend on each of these Demonstrate alternative ways of doing a procedure ................   1 2 3 4 5
activities during today’s Monitor students as they work (individually or in groups) .....   1 2 3 4 5
science lesson? Ask open-ended questions and discuss solutions to them .......   1 2 3 4 5

Correct or review student written work ....................................   1 2 3 4 5
(Circle one answer in each row) Ask questions of individuals to test for understanding ...........   1 2 3 4 5

Respond to questions from students during seatwork .............   1 2 3 4 5
Complete administrative responsibilities (e.g., paperwork) ....   1 2 3 4 5

Never
1 or 2
times

3 or
more
times

12. How often did the following Students engaged in debate / discussion about a scientific conclusion or generalization.....  1 2 3
occur during today’s Student restated another student’s ideas in different words ..................................................  1 2 3
science lesson? Students represented data using charts, graphs or tables ......................................................  1 2 3

Teacher encouraged students to use correct scientific vocabulary .........................................  1 2 3
(Circle one answer in each row) Students worked on a problem or investigation different from any done previously............  1 2 3

Students worked on a problem or investigation that will take more than one period .........  1 2 3
Teacher or student connected today’s topic to a previous science topic .................................  1 2 3
Teacher or student connected today’s topic to another subject (e.g., social studies) .............  1 2 3

PLEASE  ATTACH A COPY OF WORK FROM ONE AVERAGE AND ONE ABOVE-AVERAGE STUDENT
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SCIENCE DAILY LOG:  Lesson 2 RAND (012402)

TEACHER NAME

SCHOOL

DATE

UNIT / LESSON / MATERIALS

1. What science unit is the class
studying currently?

2. What was the specific focus
of today’s science lesson
for the typical student?

3. What equipment or kit did
students use in this lesson
(e.g., worksheet, magnifying
glass, tuning fork, etc.)?

4. How many students and adults
 were present (excluding yourself)? _______ students _______ teacher aides _________ other teachers ______adult volunteers

5. How long was today’s science lesson? ........................................................................................ ______  minutes

6. How much of this time was spent on administrative matters (e. g., school .................. _______  minutes
bulletins, taking roll, PA anouncements) or on student discipline?

7. How much time did students spend doing hands-on science investigations? ................ ______  minutes

8. How long did students work in groups during today’s science lesson? .......................... ______  minutes

None 25% 50% 75% All
9. If groups were used, what share Working in groups of similar ability ..................... 1 2 3 4 5

of the group time was used in Working in groups of mixed ability ....................... 1 2 3 4 5
the following ways? Solving new problems together as a group ........... 1 2 3 4 5

(Circle one answer in each row) Discussing problems solved individually .............. 1 2 3 4 5

PLEASE TURN PAGE OVER
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None
1-5

minutes 
6-10

minutes 
11-20

minutes 
21 minutes

or more 

10. How much time did students Review previous science homework ...........................................   1 2 3 4 5
spend on each of these Read from textbook or other materials ......................................   1 2 3 4 5
activities during today’s Discuss evidence to support a scientific hypothesis .................   1 2 3 4 5
science lesson? Explain their thinking about scientific ideas ............................   1 2 3 4 5

Lead discussion of a science topic ...............................................   1 2 3 4 5
(Circle one answer in each row) Review science content previously covered ...............................   1 2 3 4 5

Work on today’s science homework ............................................   1 2 3 4 5
(If groups did different things, Use computers to solve problems related to science..................   1 2 3 4 5
answer for the typical student Complete worksheets or problem sets from text .......................   1 2 3 4 5
in the average group.) Take test or quiz (please attach copy) ........................................   1 2 3 4 5

11. How much time did you Present new science ideas or procedures ...................................   1 2 3 4 5
spend on each of these Demonstrate alternative ways of doing a procedure ................   1 2 3 4 5
activities during today’s Monitor students as they work (individually or in groups) .....   1 2 3 4 5
science lesson? Ask open-ended questions and discuss solutions to them .......   1 2 3 4 5

Correct or review student written work ....................................   1 2 3 4 5
(Circle one answer in each row) Ask questions of individuals to test for understanding ...........   1 2 3 4 5

Respond to questions from students during seatwork .............   1 2 3 4 5
Complete administrative responsibilities (e.g., paperwork) ....   1 2 3 4 5

Never
1 or 2
times

3 or
more
times

12. How often did the following Students engaged in debate / discussion about a scientific conclusion or generalization.....  1 2 3
occur during today’s Student restated another student’s ideas in different words ..................................................  1 2 3
science lesson? Students represented data using charts, graphs or tables ......................................................  1 2 3

Teacher encouraged students to use correct scientific vocabulary .........................................  1 2 3
(Circle one answer in each row) Students worked on a problem or investigation different from any done previously............  1 2 3

Students worked on a problem or investigation that will take more than one period .........  1 2 3
Teacher or student connected today’s topic to a previous science topic .................................  1 2 3
Teacher or student connected today’s topic to another subject (e.g., social studies) .............  1 2 3

PLEASE  ATTACH A COPY OF WORK FROM ONE AVERAGE AND ONE ABOVE-AVERAGE STUDENT
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Appendix G

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 engage 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 6 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:



99 CARD 01

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.

• Lesson is about fractions, but the lesson stays within one activity, finding _ (or _, 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 backcheck 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 which 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 _ on a number line.  The teacher asks,

“How’d S know that she could put the 1/8 halfway between the _’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 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 amount 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 problems

• 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 and 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 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:
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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 it and does not push for more alternatives when it occurs.

• 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 non-trivial

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, etc).  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

was 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 extend did the students work on complex problems that involve multiple steps,

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 _), 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 discuss 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 deals 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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Appendix H

Observation Scoring Guide

Science

May 7, 2002

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 engage and on task throughout the lesson or for

some of the lesson

Rating: Justification:
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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

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

High (6,7,8)

Teacher/lesson leads students to explain scientific concepts,

phenomena or relationships in depth.

• Example: T: “Explain why we see different phases of the Moon.”

 S: “Because the Moon goes around the Earth.”

 T: “How does the Moon’s motion create the phases of the Moon?  Can you explain this?”

• Example: “Explain the relationship between photosynthesis and respiration in plants.”

• Example: “Why do you think the big block of wax floated, but the little block of aluminum

sank?  Don’t all heavy thinks sink and light things float?”

 

 

 

 Medium (3,4,5)

 Teacher/lesson leads to a discussion of scientific concepts,

relationships or phenomena, but not explored in depth or elaborated

fully.

• Example:

T: Explain why we see different phases of the Moon.

S: Because the Moon goes around the Earth.

T: Very good.  [Continues to the next question...]

Low  (0,1,2) Little or no explanation of concepts under study.  Emphasis on recall,

simple observation, etc.
• Example:

T: How many legs did you count on the isopod?

S: 14

T: Good.

Rating: Justification:
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4.  To what extent did the teacher focus on student reasoning?

High (6,7,8)

Teacher emphasizes the process of thinking involved in arriving at

answers or conclusions; requires students to provide sufficient depth

and detail in their answers

• Example: “You said your experiment shows that there is less electricity flowing through a

circuit with two light bulbs than a circuit with one light bulb.  What is your evidence for this

claim?”

 S:  “I built two circuits and I saw that this was true.”

 T: “When you built the two circuits, what did you see that made you believe that there was

more electricity flowing through one circuit than the other?”

 S: “The light bulb in the circuit by itself was brighter than the light bulbs in the circuit

together.”

 T: “So you’re saying that the brightness of the bulbs tells you something about the amount of

electricity flowing in the circuit?”

 S: “Yeah.”

 T: “Okay, good.  Do you think that’s always true?  Will a circuit with two light bulbs always

be dimmer than one light bulb?  How could we find out?”

• Example: “We’ve learned that plants need sunlight to grow.  Why is this?”

 

 

 

 

 Medium (3,4,5)

 Teacher elicits some information about thinking process but in less

depth or with partial or incomplete evidence.

• Example:

 T: You said your experiment shows that there is less electricity flowing through a circuit with

two light bulbs than a circuit with one light bulb.  What is your evidence for this claim?

 S: I built two circuits and I saw that this was true.

 T: Very good.  [Continues to the next question...]

 Low  (0,1,2)  Teacher accepts answers with little or no attention given to the

method student used to arrive at the conclusion.   Teacher questions

tend to be closed

 Rating:  Justification:
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 5.  To what extent did the teacher provide incremental help (“scaffolding”) so students could

build understanding of complex relationships or learn new concepts?

 

 

 

 High (6,7,8)

 Teacher asks strategic questions and provides incremental assistance

to help students develop new concepts or understanding

• Example:

 

 

 

 

 

 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:  When students are trying to explain the roughness of the surface of the earth, teacher

reminds them of the experiment they did in which they let melted wax cool and observed its

surface., but the teacher does not follow up with questioning that allows students to reflect on

the appropriateness of transferring what they know about wax to the earth.

 

 Low  (0,1,2)  The teacher tells the students answers to questions or does not pose

problems that require the students to further their thinking about

science.
• Example: A student is trying to recall what a plant needs to live.  She has listed water

and nutrients.  To prompt her for “sun,” the teacher says, “It rhymes with “fun.”

 Rating:  Justification:
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 6.  To what extent did the teacher model scientific curiosity, skepticism, openness, and an

emphasis on analysis, reasoning, and reflection?

 

 

 

 

 

 

 

 

 

 

 High (6,7,8)

 Teacher models the process of uncovering knowledge using tools

such as inductive and deductive reasoning, observation, questioning,

etc.  This may be demonstrated by the manner in which the teacher

responds to student questions.

• Example:  Teacher emphasizes the importance of explaining how you know what you know

and justifying scientific claims rather than relying on authority

• Example: When discussing the force of gravity, the teacher explains the experiments that were

conducted under vacuum conditions to prove that objects of different weights fall at the same

rate.

• Example: When the teacher does not know the answer to a student’s question, (s)hemodels

methods for finding the answer.

 

 

 

 

 

 Medium (3,4,5)

 The teacher models some behaviors exhibited by scientists but not on

a consistent basis.

• Example:  Teacher mentions that scientists have proved various scientific principles, but does

not explain how their experiments provide evidence for their claims.

 Low  (0,1,2)
 Teacher exhibits few or no scientific habits of mind and teacher

behavior does not provide an example of how students can uncover or

generate knowledge.

• Example: The teacher expresses a willingness to admit when (s)he doesn’t know the answer.

However, this does not extend to modeling ways to find out the answer.

• Example: A student asks “...” The teacher replies, “That’s a very good question.  I don’t

know.”

 Rating:  Justification:
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 7.  To what extent did the teacher encourage discussion among students about scientific ideas or

concepts, either during whole class or group discussions?

 

 

 

 

 

 

 High (6,7,8)

 Teacher asks students to respond to other students’ ideas, comment

on their reasons, etc., to further students’ understanding, rather than

serving as the sole arbiter of the correctness of students’ ideas.

• Example: During a class discussion, students are talking about whether they think a small

block of aluminum will float or sink.

 S: I think it will float because it’s light.

 T: Okay.  Does anyone want to respond to what S said?

 S: I disagree with S.  It will sink.  Right, teacher?

 T: Okay, you disagree.  Can you tell us exactly what about S’s statement you disagree with?

Explain your disagreement to S, please?  And S, be ready to listen and respond.

 

 

 

 

 

 

 Medium (3,4,5)

 Teacher asks students what they think about other students’ ideas, but

doesn’t foster a discussion among the students. Teacher may act as

discussion leader, filtering the exchange.

• Example: During a class discussion, students are talking about how the oceans were formed.

 S: As the planet cooled, hydrogen and oxygen combined into water.

 T: OK.  S told us the first step.  But it was still hot.  Who can tell us what happened next?

 S: The rain fell, but it  evaporated

 T: Good, S. At first it evaporated.  What happened after S’s evaporation?

 

 Low  (0,1,2)  Little or no discussion of ideas or reasoning among students

 

• Example:  When working in groups, students observe the physical characteristics of

bugs such as the number of legs, but they essentially work alone without discussing

ideas or reasoning

 Rating:  Justification:

  

  

  

  

  

  

  

 



119 CARD 01

 

 8.  To what extent did the teacher stress the relevance of subject to students' own lives?

 

 

 

 

 High (6,7,8)

 Teacher shows how scientific principles are relevant to students’ own

lives.

• Example: When discussing torque, the teacher relates the  formulas to students’ experiences on

a teeter-totter.

• Example: When discussing Mendelian inheritance, the teacher uses examples involving

students’ appearances and other traits which resemble those of their parents and/or

grandparents.

 

 

 

 

 

 Medium (3,4,5)

 Attempt to make connections to the natural world, but these are not

meaningful to students or are somewhat outside their experience.

• Example: To explain Newton’s Third Law, the teacher gives an example of ice skaters pushing

against each other.  [Since this depends on a frictionless surface, students don’t have direct

experience with this.]

Low  (0,1,2) Little or no emphasis on relevance of science to students own lives.

I. Example: Teacher relates topic of anthropods to the students’ lives by discussing the

bugs they have found in their own backyards, but does not make connections to the scientific

concept.

Rating: Justification:
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9.  To what extent did the students take an active role in constructing their scientific

understanding by formulating questions, collecting information or synthesizing results?

High (6,7,8)

Students are actively engaged in their own learning and demonstrate

this by asking questions beyond what the lesson suggests and seeking

ways to answer their own questions (e.g. suggesting new or different

methods of experimentation)

• Example:  The results of students’ experiments are used as evidence for formulating and

evaluating scientific claims.

• Example: In small groups, students work to formulate questions designed to discover what

conditions plants need to live.  They then work to complete investigations based on these

questions.

• Example: Based on their work with series circuits, students are asked to formulate a rule for

determining the current in a series circuit as more bulbs are added.  After several formulas have

been suggested, students work in pairs to test each formula and determine, based on their

evidence, which formula they think best describes current in a series circuit.

 

 

 

 

 

 

 

 

 Medium (3,4,5)

 Students are partially engaged in setting questions, collecting data and making
scientific generalizations.

• Example: Students are asked to explain Newton’s Third Law in their own words.

 S: “For every action, there is an equal and opposite reaction.”

 T: Okay, can someone tell us what that means in their own words?

 S: The reaction is equal and opposite.

 T: Okay, very good.

• Example:  Students are asked “What they want to know” about a topic, but this is not

incorporated in the lesson plans or treated as an opportunity for student investigations.

• Example:  Although students collect and analyze data, these results are considered secondary

to the information presented by the textbook or teacher.

• Example: Based on their work with series circuits, students are asked to formulate a rule for

determining the current in a series circuit as more bulbs are added.  After several formulas have

been suggested, the teacher writes the correct formula on the board.

 

 

 

 Low  (0,1,2)

 Students show little or no initiative in building scientific

understanding.  Students passively follow lesson plan.

 

• Example: Students are asked “What do you want to know about plants?” but these

questions are not investigated.  Instead, students are asked to compare plants grown in

the light and in the dark.

 

• Example:  Students observe bugs and see how they fit into existing categories.  They

are not asked to develop categories of their own

 

• Students read about the classification of bugs in a book.

 Rating:  Justification:

  

  

  

  

  

  

  

 



121 CARD 01

 

 10.  To what extent did the students work cooperatively in groups?

 

 

 

 

 

 High (6,7,8)

 Group work is assigned that requires cooperation (the tasks cannot be

completed by students on their own), and the instructions lead

students to cooperate to complete the task.

• Example: Students are asked to classify a set of insects based on their physical characteristics.

Each receives a bug to study alone, and then they are placed in groups to develop a

classification scheme based on the bugs they have.

• Example: To explore various positions in a debate about chlorinating drinking water, students

are asked to discuss the issue in small groups in which each student represents one viewpoint

in the debate.

 

 

 Medium (3,4,5)

 Students are organized in groups, but there is limited collaboration

among the group members.

• Example: In an investigation of bugs, students in groups study a set of bugs and fill out a

worksheet.  Some help one another make better observations, but many do not.

 

 Low  (0,1,2)

 Little or no collaborative work among students.  They are not

contributing to each other’s learning.

 

• Example: In an investigation of floating and sinking, each pair of students is given a set of objects

and a tub of water in which to perform their tests.  However, the only cooperation required is the

sharing of equipment.  The students complete the work independently, interacting with each other

only in order to take turns with the tub of water.

 Rating:  Justification:
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 11.  To what extent did the students participate in hands-on activities?

 

 

 

 High (6,7,8)

 Students participate in investigations that are both “hands-on” and

“minds-on,” i.e., they explore substantial scientific content.

• Example: During an investigation of density, students experiment with cylinders of different

masses and volumes to discover a general rule for determining whether the cylinders will float

or sink.

 

 

 

 

 

 Medium (3,4,5)

 

• Example: Following a lecture during which students have learned a formula for density, they

are given cylinders of different masses and volumes.  They are asked to weigh the cylinders,

measure their volumes, and calculate the density of each cylinder.  Based on these calculations,

they will indicate whether the cylinders will float or sink.

 

 Low  (0,1,2)

 Activities are undertaken because they are hands-on, but students are

not asked to engage in any substantial way with the science content

 

• Example: As part of a lesson on density, students are building clay boats.  The focus of the activity

is a contest to see which student’s boat looks the most realistic.

Rating: Justification:
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12.  To what extent did the lesson lead to student understanding of important scientific

phenomena, ideas, or concepts?

High (6,7,8)

Lesson leads to understanding of the larger concept of the unit or the

“big ideas” of the discipline.

a) Example: When studying the features of various animals, the teacher focuses on how

each animal is adapted to its habitat and its place in the predator-prey relationship, rather than

presenting their characteristics in isolation.

b) Example: Throughout a study of motion, the teacher shows how the conservation of

energy and momentum can be used to explain a wide variety of motions.

 

 

 

 

 

 Medium (3,4,5)

 Lessons make reference to larger concept or “big ideas,”
without emphasizing the connection or exploring it in depth

c) Example: When studying the features of various animals, the teacher mentions that

animals are adapted to their habitats and whether they are predators or prey; however,

connections are not made between characteristics of the animals and their habitats or

predator/prey status.

d) Example: When considering the motion of a ball tossed into the air, the teacher mentions

that the problem could also be solved using energy conservation but does not pursue this line

of reasoning.

Low  (0,1,2) Lesson makes little or no connection to larger themes of the unit or to

important scientific phenomena, ideas, or concepts.  Topic taught as

disconnected, discrete entity.

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

High (6,7,8)

Activities in the lesson provide building blocks needed to achieve

understanding of larger theme, e.g., observe, quantify, categorize, and

then identify similarities and differences.

• Example: The teacher begins the lesson by telling students that they will be considering two

types of problems, both of which deal with opposing forces along the same direction.  Students

start the lesson by considering the forces acting on a block being pushed across a table.

Partway through the lesson, the teacher explains that the students will now apply what they

have learned in a horizontal direction to problems in a vertical direction.  She then introduces a

pulley problem, referring throughout the discussion to students’ work with the block being

pushed across a table.

 

 

 Medium (3,4,5)

 All elements of the lesson are related to the same general topic, but it

is not clear how the tasks relate to each other.

• Example: Students start the lesson by considering the forces acting on a block being pushed

across a table.  Partway through the lesson, the focus shifts to pulley problems.  Although

students apply the same type of reasoning to solve both kinds of problems, the connection

(both dealing with opposing forces along the same direction – vertical or horizontal) is not

made explicit.

 Low  (0,1,2)  Little or no connection among parts of the lesson or between the

lesson and a larger theme.

 Rating:  Justification:
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 14.  To what extent did the teacher provide students with a sense of purpose?

 

 

 

 High (6,7,8)

 Teacher helps students understand why they are doing each activity

and how it links with the target concept being taught.

• Example: During a lesson on the water cycle, the teacher presents a demonstration, showing

evaporation and condensation as a covered glass jar of water is heated on a hot plate.  She

explains how this is a model for the water cycle and asks students to explain how various

components of the model system relate to the real system.  Students are then asked to draw

conclusions about the water cycle, based on what they observed during the demonstration.

 

 

 

 

 

 Medium (3,4,5)

 Teacher makes sure students know the scientific concept under

investigation, but they have only a small sense of how the activities

are related to the concept or why the concept is important.

• Example: The teacher says the students will study characteristics of anthropods because it is

important to be able to classify objects into their appropriate group.

• Example: The teacher has written the topic of today’s lesson on the board: “The Water Cycle.”

She presents a demonstration, showing evaporation and condensation as a covered glass jar of

water is heated on a hot plate.  However, students are left to make the connection between the

demonstration and the water cycle.

Low  (0,1,2) Teacher has students complete activities with no sense of how

activities are related to the scientific concept or why the concept is

important.
I. Example: The teacher says the students will create advertisements for companies that

are connected to the ocean, but does not explain the connection or importance.

Rating: Justification:
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15.  To what extent did the lesson begin in an engaging or provocative manner?

High (6,7,8)

Teacher creatively engages student interest in the topic, e.g.

beginning the lesson with a question or demonstration that requires

students to engage cognitively.

• Example: Teacher begins a lesson on the water cycle by asking

students to speculate about how acid rain is created.

• Example: Teacher begins a lesson on density by having

students predict what will happen to a variety of objects when

placed in water.

 

 

 

 

 

 Medium (3,4,5)

 Teacher begins the lesson in a way that makes students attentive but

only partially engages their thinking about the topic of the lesson.

• Example: To begin a lesson on the water cycle, the teacher

waits outside the classroom wearing a raincoat and goggles and

holding a sign that says “Today’s Forecast: Rain!”

 Low  (0,1,2)  Little or no effort to present the topic in an interesting and

scientifically engaging manner.

 Rating:  Justification:
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 16.  To what extent did the lesson end with discussion of conclusions or concepts learned?

 

 

 

 

 

 

 

 

 

 

 High (6,7,8)

 Provide closure to students’ activities, rather than just ending the

lesson when the bell rings.

 Ask students to apply what they have learned during the lesson to a

new situation.

 Ask students to use their evidence to make generalizations about the

science topic under consideration during the lesson.

• Example: [continuing from above] Teacher returns to the topic

of acid rain, asking students to revisit their ideas about acid

rain, based on what they have learned about the water cycle.

• Example: [continuing from above] Teacher returns to the

objects at the beginning of the lesson, asking students to use

what they have learned about density to explain why different

objects floated or sank.

• Example: After a lesson on series circuits, the teacher asks

students to explain how the current varies at different points in

a series circuit.  [This is a good check of student understanding,

plus a way to summarize important ideas about series circuits.]

• Example: After an investigation during which students tested

factors related to the frequency of a pendulum, the teacher asks

students if they can use their findings to express a general

formula for determining the frequency of a pendulum.

 

 

 

 

 

 Medium (3,4,5)

 Ask a general question like, “What did you learn today?” without

focusing student answers on specific science content.

• Example:  After a lesson on series circuits, the teacher asks

students what they learned.  Students reply:

I learned that you can burn out a light bulb if you hook lots of

batteries together.

I learned that I would rather work by myself.

I learned that some of the batteries in our kit are not so good.

The teacher says, “Okay, good.  Tomorrow we’ll study parallel

circuits.”

Low  (0,1,2) Little or none

Rating: Justification:
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17.  Overall, to what extent did the lesson embody the elements of standards-based science

High (6,7,8)

To a great extent

Medium (3,4,5)

To a moderate extent

Low  (0,1,2) To little or no extent

Rating: Justification:
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