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Abstract 

Project PRIME is a cohort 1 targeted MSP focusing on K-12 mathematics within the Rapid City 

school district. Through the first four years of this initiative, project leaders have made extensive 

use of data to highlight successes, to emphasize areas in need of additional attention, and to 

guide the overall direction. This paper highlights a sampling of emerging findings and includes 

discussion of venues and processes for sharing such findings. Among key data sources are 1) 

student performance on the state's multiple-choice test, 2) student performance on alternative 

assessments developed by the Mathematics Assessment Resource Service, 3) student attitudes, 

and 4) district enrollments. Special attention is paid to gaps and patterns associated with Native 

American versus non-Native American students, as that represents a primary focus within the 

project.  
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Project Description 

Funded by the National Science Foundation, Project PRIME (Promoting Reflective 

Inquiry in Mathematics Education) is a targeted, cohort 1, Math and Science Partnership 

involving four institutions: Rapid City Area Schools (the district), Black Hills State University 

(the university), TIE (a regional education service agency), and Inverness Research Associates 

(the external evaluator). The overarching goal of the partnership is to improve teaching and 

learning of K-12 mathematics. Sub-goals include reducing the achievement gap between Native 

American and non-Native American students within the district and improving graduation rates.  

NSF funding for the initiative began in the fall of 2002. The current academic year (2006-

2007) represents the project's fifth year. Efforts are underway to institutionalize key components 

of the project and sustain the work beyond the duration of NSF funding. Decisions about what to 

sustain and at what level hinge on the evidence of impact that the project can demonstrate. 

The district includes 15 elementary schools, 5 middle schools, and 3 high schools, it 

employs approximately 500 teachers of mathematics (including elementary and special education 

teachers), and it has a K-12 enrollment of about 12,000 students. Using grade four as a point of 

reference, 36% of those students typically qualify for free or reduced-price lunch, 22% are non-

white (17% Native American, 5% other races). Rapid City represents the largest off-reservation 

population of Native American students in South Dakota.  

Key elements of the project include: 1) district-wide graduate-level coursework for 

teachers; 2) building-based classroom coaching; 3) principal training; 4) parent nights; and 5) 

newly adopted inquiry-oriented instructional materials. 
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Sources of Data 

The district administers a multiple-choice achievement test called the Dakota State Test 

of Educational Progress (DSTEP) each spring at grades 3 through 8 and 11 to measure 

proficiency related to state content standards. The project has access to math scale scores on this 

measure as well as proficiency designations of "Below Basic," "Basic," "Proficient," and 

"Advanced' for each student tested. 

Supplementary achievement data have been collected by the project over the past three 

years for samples of 3rd, 4th, 5th, 8th, 9th, 10th, and 12th grade students. CTB-McGraw Hill's 

Balanced Assessments in Mathematics (developed by the Mathematics Assessment Resource 

Service and referred to hereafter as MARS tests) are being used as an alternate, more 

performance-oriented measure of achievement [1]. MARS tests are aligned to the National 

Council of Teachers of Mathematics (NCTM) standards and are free-response, as opposed to 

multiple-choice. 

Over the past year, the project has begun collecting data on student attitudes. At grades 

three through five, the project is using an internally developed survey consisting of six multiple-

choice items and four free-response prompts. The multiple-choice questions have a three-point 

scale that allows for responses of "Yes," "No," and "Sometimes." Questions address student 

confidence, enjoyment, motivation, and the value they place on learning mathematics. The free-

response items allow for expanded commentary on the same four domains and also prompt for 

preferences related to instruction.  

At secondary grades (6 through 12), a more thoroughly researched instrument called the 

Attitudes Toward Mathematics Inventory (ATMI) is being used. Details about the ATMI's 

characteristics have been documented by M. Tapia and G.E. Marsh [2]. The ATMI includes 40 
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questions and a 5-point scale that allows for responses ranging from strongly agree to strongly 

disagree. Each question contributes to one of four factors: self-confidence; value; enjoyment; and 

motivation. Project PRIME has supplemented the ATMI with five additional questions touching 

on preferred instructional strategies and attitudes about the nature of mathematics. 

Additional sources of data relevant to this paper are student-level demographics, student 

enrollment, and teacher participation in professional development. Other data to which the 

project attends, though not central to this paper, include classroom observations, teacher surveys, 

measures of teacher content knowledge, and focus groups, some of which have been described 

previously [3,4]. 

 

Methodology 

Student data are linked from one source to another using state-assigned student 

identification numbers. The project also links students to teachers using project-assigned teacher 

identification numbers.  

Issues of data collection and analysis are the primary focus of an internal data team, 

which includes representation across project partners. Data are collected and analyzed by 

members of this team using commonplace spreadsheet, database, and statistical software. 

Analyses typically include basic descriptive statistics, t-tests, and correlations. Additional 

information about methodology appears in conjunction with specific results described below. 

 

 Audiences for the Data 

Throughout the project, but especially over the past two years, project leaders have made 

extensive use of data to provide key stakeholders with a sense of progress to date and to 



 6 

emphasize areas in need of additional attention. Regular audiences include 1) the project's 

leadership team, consisting of three to four representatives from each partner institution; 2) a 

larger steering committee, which includes principals and math teacher leaders from each 

building; and 3) the district's school board.  

 

Professional Development Activity 

The aggregate number of professional development hours accomplished by the project 

serves as a gauge of overall activity. At the outset, the project set an overall target of 40,000 

hours of professional development over five years (based on an estimate of 100 hours per teacher 

for 400 teachers). As evident in Figure 1, the project has already exceeded that target. This type 

of data tells a positive story in having met a goal early and provides a general sense of the 

magnitude of the work.  

 

Figure 1 
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A more detailed look at how professional development hours are distributed across 

individual teachers speaks to the systemic nature of the work. Figure 2 assigns teachers to bins 

based on their total hours of participation in professional development within the project. Those 

teachers who are not target teachers of the project have been removed from the lowest bin. This 

picture demonstrates that the vast majority of target teachers are investing considerable time and 

participating at a significant level. 

 

Figure 2 

 

 

Student Achievement 

While the tracking of professional development hours is important and can help to tell a 

part of the project's story, merely accruing hours is by no means the ultimate goal. Rather, at its 

core, the project seeks to impact students. Given the project's large investment of time and 

resources (at least by local standards), expectations are acutely heightened for the project to 
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demonstrate impact. The measure by which the district is ultimately held accountable is student 

achievement on the Dakota STEP test. As is evident in Figure 3, the majority of students in 

Rapid City were proficient or advanced on the DSTEP in 2006.  

 
Figure 3 

 

 

Figure 3 offers an indication of steady improvement at elementary grades over the first 

three years of the project, but then a drop in 2006. At middle school, steady improvement is 

evident throughout. At high school, the last three years show steady decline. With data such as 

those in Figure 3, it is tempting, and in fact quite common, to get excited as numbers improve 

and wring hands as numbers decline. It is essential, however, to put such data into context by 

comparing to achievement scores outside the district over the same time period. Figure 4 shows 

statewide proficiency data with Rapid City students having been removed. The pattern is 

strikingly similar to that of Figure 3.  
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Figure 4 

 

Figure 5 displays the ratio of Figure 3 to Figure 4: Rapid City results compared to the 

rest of South Dakota. Differences from year to year appear less pronounced when normalized by 

the statewide data. Figure 5 suggests that changes in the test from year to year may account for 

much of the variation in % proficient. And regardless of how much year-to-year variation in 

scores is an artifact of test differences, Figure 5 makes it difficult to argue that Rapid City's math 

initiative is having an important impact either positive or negative on Dakota STEP scores 

compared to what is happening within other districts across the state. 
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Figure 5 

 

The degree of proficiency indicated by Figures 3, 4, and 5 could potentially lead to 

complacency -- most of the students are proficient and the district performance is close to 

statewide averages. More sobering, however, is the gap in proficiency between white and Native 

American students that appears in Figure 6. This gap is computed by subtracting the percentage 

of Native American students who scored at the level of proficient or advanced from the 

percentage of white students who scored at those levels.  
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Figure 6 

 

The gaps are distressingly large across the board (consider, for example, that a gap of 

30% is consistent with 70% of white students, but only 40% of Native American students 

achieving at the proficient level or above). The decrease in the gap at elementary grades from 

2003 to 2004 was cause for celebration, but alas, there was virtually no improvement from 2004 

to 2005 at those grades and then the gap increased in 2006. The lower gaps at high school 

compared to middle school are somewhat comforting at first glance, but ultimately, they appear 

to be more an artifact of non-proficient Native American students leaving the system by 11th 

grade than improved performance. 

A closer look at district enrollment patterns in Figure 7 shows that indeed, there are 

notably fewer students in the district at grade 11 than in previous grades. While the 11th grade 

classes in Figure 7 could have been small to begin with, historical enrollment data (not shown) 

reveal marked and consistent declines in enrollment in individual cohorts between 9th and 10th 

grades. 
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Figure 7 

 

Losing in excess of a hundred students through the high school grades is regrettable, but 

substantially more concerning is the fact that Native American students, in particular, are 

predominantly the ones not making it through to the end of 11th grade. Again, there exists a 

question about whether specific cohorts had low numbers of Native American students all along, 

but again, other data indicate that indeed, the number of Native American students graduating 

each year is consistently well under half of the number entering high school as freshmen. 
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Figure 8 

 

 

Supplemental Measure of Achievement 

In the spring of 2004, the project began to implement an additional measure of student 

achievement to supplement the DSTEP. As a pilot, the project selected 11 fourth grade math 

classrooms (at random) and 12 eighth grade math classrooms (one class of each of the eighth 

grade math teachers in the district) for testing using MARS performance measures. These two 

grades were selected to represent upper elementary and the whole of middle school, respectively. 

The motivation behind supplementing the DSTEP with MARS was a speculation that MARS 

performance might be more sensitive to and consistent with the new instructional materials 

(based on NCTM standards) that are being phased in across the district. It was also thought that 

using MARS might yield interesting results related to NCTM process standards such as 

communication and representation since, in contrast to the DSTEP, MARS items are free-

response.   
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In the fall of 2004, a collection of non-math 12th grade classes was added to the pilot as 

well. The goal was to test 12th graders representative of the entire population in terms of socio-

economic status, race, and course-taking patterns. The choice to sample 12th grade in the fall 

was intentional so that comparisons could be made with 11th grade DSTEP results from the 

previous spring. The project sought to ensure that 12th graders not currently enrolled in any math 

class were included in the sample, and that is why non-math classes were used as the sampling 

unit.  

Following essentially the same protocol in 2005 and 2006, 4th and 8th grade classes were 

sampled again each spring, and 12th graders were sampled again in the fall of 2005 and 2006. 

Scoring of the 2006 tests at grade 12 is currently underway. The fourth grade sampling protocol 

changed slightly from 2004 to 2005 in that one classroom from each of the 15 elementary 

schools was selected at random in 2005, and that same procedure was used again in 2006. 

Sample sizes at each grade ranged from 200 to 250 students, which represents about one-quarter 

of the population at the grades tested. 

MARS achievement is characterized in terms of four performance levels that correspond 

to the DSTEP designations of "Advanced," "Proficient," "Basic," and "Below Basic." For the 

purposes of Project PRIME, proficiency on MARS is defined as scoring in one of their top two 

categories. Different forms of the MARS test have been used from year to year. Cut scores vary 

from form to form, but according to MARS, the proficiency levels are suited to comparison.  

Scoring of the tests has been conducted by district teachers and project leaders as a form 

of professional development for everyone involved. Training and support for the scoring has 

been supplied directly from MARS. Papers are scored without student or teacher names 

associated with them. Scorers are required to participate in training on each task they score and 
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must succeed at scoring standardizing papers for a specific task before being authorized to score 

actual Rapid City tests. A lead scorer is present at all sessions to help ensure quality and 

uniformity in scoring. 

Results to date are shown in Figure 9. Striking features are the increase in the percentage 

of proficient 4th graders from 2005 to 2006 and the decrease in proficient 12th graders from 

2004 to 2005. Also, the overall gap between 4th and 12th grade performance is notable. It is 

certainly conceivable that the older students take the test less seriously than do the elementary 

students, but even if that is true, those attitudinal differences are likely to pertain for the DSTEP 

as well since neither test has "high stakes" implications for students. 

 

Figure 9 

 

 

The fact that elementary students did so well on the 2006 assessment is gratifying to the 

project, especially since it is at the elementary level where the most intensive, sustained, and 
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systemic efforts of the project have happened. A teacher leader model, for example, began at the 

elementary level at the beginning of 2003, and each elementary building has had at least a half-

time teacher leader from that time forward. A secondary coaching model emerged in the fall of 

2004, but it was not until the fall of 2005 that the coaches were actually released from a portion 

of their classroom duty to provide classroom-based support. An important distinction between 

what has been happening at the middle school versus the high school grades may be related to 

instructional materials. At middle grades, inquiry-oriented materials were adopted when the 

project began, whereas at high school, inquiry-oriented instructional materials just began to be 

piloted last fall.   

Causality is far from definitive, but the differences from grade to grade and from year to 

year do raise interesting questions that deserve attention. From strictly a research point of view, 

PRIME's multifaceted intervention (not to mention its changing of test forms and sampling 

procedures from year to year) is unfortunate in how it complicates the analysis. Project leaders 

hope that PRIME's complete package of district-wide classes, building-based coaching, new 

instructional materials, and principal training continues to show evidence of increased student 

achievement as measured by the MARS test, but even if it that happens, the project is unlikely to 

be able to disentangle individual contributions of each project component. 

 

MARS Pre and Post-testing in Title 1 Buildings 

In addition to the random sampling described in the previous section, the district began in 

the fall of 2004 to use MARS tests as a pre-test every fall and a post-test every spring in all 3rd, 

4th, and 5th grade classes within all school-wide Title 1 buildings (defined by a threshold of 

students receiving free or reduced-price lunch). Six of the district's 15 buildings qualified as Title 
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1 buildings in 2004-05. The same six plus one more qualified in 2005-06. The same MARS test 

form was used for pre-testing in the fall of 2004 and 2005, so a head to head comparison is 

possible. Pre-test scores increased from one year to the next, and while the increase was small, it 

was statistically significant. The percentage of students who were proficient on the pre-test 

increased from 15.9% in the fall of 2004 to 16.5% in the fall of 2005. The effect size associated 

with change in raw scores from one year to the next was 0.1. This is a small effect, but perhaps 

heartening nonetheless since it represents a change over just a single year and aggregated over 

approximately 50 teachers at varying levels of project participation. 

Another interesting piece of data from the Title 1 buildings is the average growth from 

pre-test to post-test. In 2005-06, for example, compared to the 16.5% of students who were 

proficient on the pre-test across all three grades, 54% were proficient on the post-test. The 

project is interested in making additional use of these data. They allow for direct comparisons of 

one building to another, one teacher to another, and one teacher to him or herself from one year 

to another. The project is interested in trying to identify specific building and teacher 

characteristics that are associated with large growth from fall to spring. At first glance, there 

does not appear to be a strong connection to the number of professional development hours that a 

teacher has accomplished, although it is worth noting that the teachers in these buildings are 

tightly clustered in their professional development hours. Classroom observation scores seem a 

more likely candidate for a strong correlation, but at present, the project has insufficient data in 

that area. 
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DSTEP-MARS Comparison 

Given the general lack of project impact evident in DSTEP results and the more 

promising indication of project impact evident in the MARS results, especially at elementary, it 

seems worthwhile to explore further the relationship between these two measures. Specifically, 

the 2005-06 post-test results for grades 3, 4 and 5 from Title 1 buildings serve as the focal data 

here. The correlation between student-level test results on the two measures is highly significant 

with p < 0.001. That said, there are numerous students who are proficient on one measure and 

not on the other. In Table 1, students are categorized in one of four “quadrants” based on the four 

possible outcomes. Quadrant one represents students who were proficient on both MARS and the 

DSTEP. Quadrant two represents students who were proficient on MARS, but not on the 

DSTEP. Quadrant three represents students who were not proficient on either measure. Quadrant 

four represents students who were not proficient on MARS, but who were proficient on DSTEP. 

These quadrants, the n sizes, and percentages of students in each quadrant are all represented.  

 

Table 1: All Students, Title 1 Schools, Grades 3-5, 2005-06    

DSTEP Proficiency 
 

 
 

 Not Proficient Proficient 

Proficient 

Q 2. 

n = 94 

(8%) 

Q1. 
 

n = 541 
 

(48%) 
 MARS 

Proficiency 

Not 
Proficient 

Q 3. 

n = 323 

(29%) 

Q 4. 

n = 171 

(15%) 
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Quadrant one shows that the majority of students were proficient on both measures. 

Quadrant three represents the next largest group, students who were not proficient on either 

measure. Of particular interest are students who fall into the remaining two quadrants, where 

results are inconsistent. Quadrant four represents students who do well on the more procedural, 

multiple-choice assessment, but who do not appear to have the conceptual understanding and/or 

communication skills required to do well on the performance assessment. Equally intriguing is 

quadrant two, which represents students who did well on the performance assessment, but are 

perhaps weak in procedural fluency. To build our understanding of the students in all four 

quadrants, we explored the demographics of each group.  

Of considerable interest is a marked distinction by race between Native American 

Students and White students as shown in Tables 2 and 3. Comparing quadrants one and three, 

which reflect the proficient and not proficient students on both measures, it is evident that a 

larger percentage of Native American students falls into the not-proficient-on-both quadrant. 

This is consistent with what we already knew about the existence of an achievement gap.  

More unexpected and especially useful to attend to, however, is quadrant 2. More than 

twice the percentage of Native American students falls into that category compared to the 

percentage of White students. Quadrant four, on the other hand, has a lower percentage of the 

Native American population than it has of the White population. This result is suggestive that 

Rapid City's Native American students perform better on an instrument that emphasizes 

conceptual understanding over one that emphasizes computation.  
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Table 2: Native American Students, Title 1 Schools, Grades 3-5, 2005-06     

DSTEP Proficiency 
 

 
 

 Not Proficient Proficient 

Proficient 

Q 2. 

n = 38 

(13%) 

Q1. 
 

n = 81 
 

(28%) 
 MARS 

Proficiency 

Not 
Proficient 

Q 3. 

n = 129 

(45%) 
 

Q 4. 

n = 37 

(13%) 
 

 
 

Table 3: White Students, Title 1 Schools, Grades 3-5, 2005-06     

DSTEP Proficiency 
 

 
 

 Not Proficient Proficient 

Proficient 

Q 2. 

n = 50 

(6%) 

Q1. 
 

n = 424 
 

(55%) 
 MARS 

Proficiency 

Not 
Proficient 

Q 3. 

n = 176 

(23%) 
 

Q 4. 

n = 121 

(16%) 
 

 

Another way to look at the distinction between MARS and DSTEP is in terms of 

achievement gaps. For this particular population of Rapid City students (students in Title 1 
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buildings), the DSTEP achievement gap is 29%, whereas the MARS achievement gap is only 

20%. It will be interesting to explore this finding further. Are Native American children more 

likely to invest themselves in MARS-type problems? If so, why, and is that something that can 

be capitalized upon for reducing the achievement gap further. 

 

Attitude Measures 

To help answer the type of questions raised above, the project has ventured into student 

attitude assessments. Three examples of exploratory results from 2005-06, which represents the 

first year of attitude data collection, appear in Figures 10, 11, and 12.  

 

Figure 10 
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Figure 11 

 

Figure 12 
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The elementary data (Figure 10) pertain specifically to students in the district's Title 1 

buildings in the spring of 2006 (n ≈1000). The secondary graphs (Figures 11 and 12) also 

represent student attitudes in the spring of 2006. They were collected from students within a 

wide variety of high school math classes including Algebra 1 and Geometry, as well as "lower 

track" courses that are typically considered non-college preparatory (n ≈ 500). The authors await 

additional data over the coming year to make comparisons and engage in more thorough 

analyses. 

 

Lessons-learned about Sharing Data with Key Stakeholders 

The first point is that project data, as presented here, represent significant food for 

thought. These analyses promote lively discussions and serve as glimpses into interesting 

research questions, but it is important to recognize that they do not represent formal, completed 

research per se. It is tempting for key stakeholders to speculate from these data about causality, 

but interpretation must be cautious. In many cases, companion investigations have been 

undertaken in an effort to rule out possible contaminating factors (e.g., comparing characteristics 

of samples to overall populations), but again, the data are being shared as works in progress.  

Project leaders believe that it is valuable and, in fact, critically important to share 

emerging results with key stakeholders. Presuming that data such as these are going to be shared 

as a project is unfolding, they need to be shared thoughtfully and strategically. Considerable care 

has been taken to strike a productive balance between affirming results and those that are 

troubling. Stakeholders have offered thoughtful reflections about educational and social values, 

demonstrated sensitivity to issues of culture, raised important questions, and strengthened the 

sense of camaraderie around common goals.  
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This project is asking for and spawning major changes within the district. As evidence 

emerges that relates to these changes, stakeholders benefit from opportunities to examine it, and 

they strengthen the initiative as they reflect on it.  

 

Concluding Thoughts 

 While the project has amassed a vast collection of data from a wide array of sources over 

multiple years, it remains astoundingly difficult, at least in the estimation of the authors, to 

isolate causes and minimize confounding factors. The data and discussion herein are submitted 

cautiously and with humility. The authors welcome suggestions. 
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