
NU-CPS Rapid Impacts Grant Final Report: 
Laying the Foundation for a Spatial Reasoning Researcher-Practitioner Partnership with 

CPS, SILC, and The Learning Partnership 
 
1) Project team members 

PIs: David Uttal, Katie James 

CPS Collaborators: Jessica Mahon, Lorenzo Craig, Office of STEM; Andrew Rasmussen, 

Office of Computer Science; Nivedita Nutakki, Nicole Constantinidis, Network 11 

The Learning Partnership: Steven McGee, Phillip Boda 

 

2) 2-3 sentence summary statement on the project 

This work was guided by research evidence that there are important differences in spatial 

reasoning by gender, race and ethnicity, and socioeconomic status and that spatial reasoning 

skills can be improved through early instructional intervention. To address this issue, this project 

focused on identifying needs and opportunities to infuse spatial reasoning in K-2 STEM 

instruction in CPS. This needs assessment involved three strands of work: (1) analysis of 

prevalent K-2 STEM curricula, (2) math assessment data analysis, and (3) teacher social network 

analysis.  

 

3) Summary of research findings and contributions to scholarly literature. And, how will 
you share your research findings and data with other researchers? 
 
We will share and discuss this report as well as next steps that follow from our findings with our 

CPS partners. We are also preparing an extended report of our results that will be submitted for 

publication in a scholarly journal.  

 

We briefly summarize the results of our three strands of work below. 

 
Curriculum Analysis  
Overall, we recommend focusing on two cross-cutting themes, which are present across the 

math, science, and computer science curricula and have a strong potential to impact students’ 

spatial reasoning: 
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● Data Analysis 

● Modeling  

 

We recommend infusing the following types of tasks into data analysis and modeling instruction: 

● Creating data representations (e.g., maps, diagrams, and graphs) 

● Constructing models (e.g., physical models, explanatory models) 

 

Assessment Data Analysis  

● By grade 2, Black students (both male and female) have been underserved in developing 

their mathematical competencies when compared to their white counterparts, and this 

difference in math academic achievement persists, while also alluding to a slight increase 

in this differential performance, through the end of 2nd grade; 

● For those that represent the lower half of all 2nd grade Chicago Public school students in 

terms of math performance across two MAP assessment goals (3) Measurement and Data 

and (4) Geometry - those goals most aligned with plausible connections to infuse spatial 

reasoning programs - Black students (both male and female) were the only populations 

that did not perform as well as their white male and female counterparts; 

● For those that represent the higher half of all 2nd grade Chicago Public school students in 

terms of math performance across two MAP assessment goals (3) Measurement and Data 

and (4) Geometry, Black and Hispanic students were the populations that did not perform 

as well as their white counterparts, with female students among multiple racial groups 

performing lower than their male counterparts of the same race. 

 
Social Network Analysis  

● Elementary teachers have discussions with their colleagues at a higher rate about math 

compared to science, but the data suggest that these conversations do not lead to changes 

in teachers’ perceptions of their pedagogies, curriculum, and assessment. 

● When elementary teachers discussed science with their colleagues, an increase of 

conversations about how to help their students learn science, how they personally teach 

the discipline, and the science standards also led to a significant likelihood that they 
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perceived changes in their practice when reflecting on their past school year. Meaning, 

when teachers talked about science, they were likely to think that their practices changed 

partially because of those conversations. However, science teachers were much less 

likely to talk about designing disciplinary science curriculum than to talk about designing 

math curriculum, alluding to an importance of one discipline over the other in teachers’ 

work. 

 

4) Describe the problem of practice addressed by the Rapid Impact Grant project and how 
the project could inform decision making and/or how your project informs CPS decision 
makers. 
The goal of this project was to explore how explicit instruction in spatial reasoning in primary 

grades can contribute to reductions in variation in STEM outcomes for low-income, minority 

students in CPS. Our project focused on the persistent gender, racial and ethnic, and 

socioeconomic inequalities in STEM educational and career achievement and attainment. Our 

approach to addressing this problem was guided by research evidence that much of the variation 

in STEM outcomes for these groups can be explained by spatial reasoning abilities. Importantly, 

spatial reasoning skills can be improved through practice, but are rarely explicitly taught in the 

classroom. The spatial reasoning needs and opportunities identified by this work are relevant to 

CPS in that they focus on the prevalent science, math, and computer science curricula currently 

used in CPS K-2 instruction. As such, our findings provide specific, actionable guidance for the 

development of curricular supports that infuse explicit spatial reasoning instruction.  

 

5) Describe and share the products of your Rapid Impact Grant project. 

A summary of the findings of each of our three strands of work has been developed and is 

included at the end of this report. This work is also currently being expanded into a journal 

article. 

  

6) Share the successes of the project and any next steps planned. 

This work identified an important achievement gap that currently exists in CPS: K-2 math 

education on topics that are spatially dependent is currently undeserving Black students relative 
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to white students. This pattern warrants further investigation to examine changes in performance 

over time as well as patterns across STEM disciplines. We hope to carry out this analysis in 

future work if the necessary data becomes available. Further, we identified specific opportunities 

and recommended tasks to infuse spatial reasoning into CPS’ current K-2 STEM instruction, 

which may help address the STEM achievement gap. Next, we plan to discuss these findings 

with our CPS partners and identify opportunities to continue our partnership by developing 

curricular resources to support the recommended changes.  

 

7) Describe any challenges you faced during the design and implementation of the Rapid 

Impact Grant project. 

The main challenge during this project was gaining access to the relevant data. The data sharing 

process was slower than anticipated, which resulted in some delays in our work. Additionally, 

we were unable to access student-level data with indicators that would allow us to link scores 

across timepoints, tests, or data sources (e.g. linking SQRP, demographic, and ISA/NWEA 

assessment data) as the data was unexpectedly external to CPS. This constrained the set of 

analyses we were able to conduct and somewhat limited our findings.  

 

8) Please share any lessons learned that will improve our Rapid Impact Grants program 

and our research partnership with CPS. 

It’s very important that all parties be as clear as possible about what is needed to conduct the best 

possible project.  Sometimes the researchers may not know precisely what to ask for, or how to 

phrase the request.  If a researcher asks for data, and CPS or OCEP believes that data cannot be 

shared, it would be helpful to have a conversation as to possible ways to obtain the data, or other 

information that might be useful or relevant.  The researcher may not be asking the question in 

the right way, but if the question were discussed, it might become clear that the problem can be 

solved.  If OCEP, CPS, or other members of the team can work with the researchers to find a 

solution, that would be best. 
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9)  Please describe how your Rapid Impact Grant funds were spent and any significant 

changes from the budget plan in the original proposal. 

The Northwestern funds were spent for the post-doc who conducted the analyses and wrote the 

report, in lieu of hiring an undergraduate researcher. The Learning Partnership’s subcontract was 

spent as planned for the PI and researchers who conducted the analyses.  

 
Curriculum Analysis 

Summary: Opportunities to infuse spatial reasoning 
One of the main goals of this work is to understand opportunities in the CPS K-2 STEM 

curriculum to infuse spatial reasoning. We sought to identify places in the curriculum that are a 
natural fit for spatial thinking and could be enhanced by teaching concepts in a more 
spatially-focused way. To this end, we examined the K-2 computer science and math standards 
commonly used by CPS STEM teachers: Computer Science Teachers of America (CSTA) 
Standards and the Common Core Math Standards. For science, we analyzed the K-2 Amplify 
Science units, as a single set of science standards is not widely adopted.  

Overall, we recommend focusing on two cross-cutting themes, which are present across 
math, science, and computer science and have a strong potential to impact students’ spatial 
reasoning: 

● Data Analysis 
● Modeling  

 
We recommend infusing the following types of tasks into data analysis and modeling 

instruction: 
● Creating data representations (e.g., maps, diagrams, and graphs) 
● Constructing models (e.g., physical models, explanatory models) 

 
 Research suggests that repeated practice with such tasks can improve spatial reasoning 

(e.g., Newcombe, 2010; Uttal, 2000). For example, sketching explanatory models allows 
students to externalize and reflect on their thinking and makes unseen concepts and processes 
visible, which enables them to reason about and deepen their understanding of abstract, spatial 
phenomena (e.g., Lehrer & Schauble, 2006; Stein et al., 2007; Schwarz & White, 2005). 

During data analysis tasks, students can create visual representations of data they collect. 
This can involve a variety of graphs and charts, such as bubble charts, as well as maps, like heat 
maps. During these tasks, students should be asked to reason about how each of these ways of 
representing data is different and how the representational forms impact what they notice about 
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and understand from the data. Students should also analyze and interpret the various 
representations to understand patterns and trends in the data.  

Two types of models that we recommend focusing on during modeling tasks are 
explanatory models and physical models. To create explanatory models, students can sketch the 
components of a phenomenon or concept they are learning about and use lines, arrows, and other 
shapes to illustrate the relationships among them. For example, students could draw explanatory 
models that illustrate how water and wind contribute to erosion, which in turn leads to changes in 
cliff shape. Students should also be asked to reason about the models they created, including the 
choices they made in creating them, how the different parts of the process relate to one another, 
and how that process leads to the outcome.  Students can also construct or engage with a variety 
of physical models. For example, students can use blocks, clay, and other manipulatives to create 
models of shapes and patterns. This can progress from simple shapes, like triangles and 
rectangles, to more complex patterns, such as symmetry. Students can also use folded paper or 
lego blocks to recreate more complex patterns. Block building tasks of these types have been 
shown to impact student’s spatial reasoning skills (e.g., Casey et. al., 2008).  

Across all of these tasks, students should be engaged in not only creating models and 
representations, but also making sense of the patterns and relationships they reflect and thinking 
metacognitively about what and how they learned. For example, when making sense of data 
representations, students should reflect on similarities and differences among forms of 
representation and their affordances for sense making. Similarly, they should reflect on the 
models they create, such as how and why they made particular representational choices and how 
and why the different parts of their model relate to one another. Additionally, spatial language, 
talk that describes locations and relationships in space, and gestures can help students learn to 
think spatially (e.g., Goldin-Meadow & Singer, 2003; Newcombe, 2010; Simms & Gentner, 
2009). We suggest that teachers frequently use spatial words, such as between, above, outside, 
under, and around, and indicate spatial orientations and relationships through gesture during 
these tasks. Teachers should also provide opportunities for their students to engage in spatial 
language and gesture. 

In the next section, we describe how we approached our curriculum analysis. We then 
highlight the areas of computer science, science, and math that reflect the cross-cutting themes 
and would be good targets for our recommended tasks. 

 
Our Approach 

We examined each standard for evidence of opportunities for spatial reasoning. We used 
three categories to evaluate the extent to which spatial reasoning was present: Strong, Moderate, 
and Weak. Strong means that there is prior work in the research literature that indicated spatial 
reasoning was key to that domain. Moderate indicates that there was anecdotal evidence of 
spatial reasoning in that domain. Weak means that there is no evidence of spatial reasoning. We 
then analyzed how many standards in each area reflected strong opportunities for spatial 
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reasoning. Next, we identified the areas that have the strongest opportunities to infuse spatial 
reasoning. The tables below show the findings from that analysis with color coding to indicate 
the best areas to target. In the tables, green represents areas where we recommend infusing 
spatial reasoning. Green indicates that the majority of the standards/units in that area were coded 
as a strong opportunity for spatial reasoning. Red indicates areas that we would not recommend 
targeting. 
 
Computer Science 
 

CSTA Computer Science Standards 

% Strong Opportunities for Spatial Reasoning 

Computing Systems K-2 0% 

Networks and the Internet K-2 0% 

Data and Analysis K-2 67% 

Algorithms and Programming K-2 75% 

Impacts of Computing K-2 0% 

 
In computer science, data and analysis and algorithms and programming align with our 

recommended cross-curricular focus on data analysis and models and reflect opportunities for 
infusing spatial reasoning. 

 
 
Science 
 

Amplify Science Units 

Opportunities for Spatial Reasoning 

Unit 1: Pushes and Pulls Kindergarten 75% 

Unit 2: Sunlight and Weather Kindergarten 83% 

Unit 3: Needs of Plants and Animals Kindergarten 100% 

Unit 1: Light and Sound 1st 0% 

Unit 2: Spinning Earth 1st 50% 

Unit 3: Animal and Plant Defenses 1st 100% 

Unit 1: Properties of Materials 2nd 75% 
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Unit 2: Changing Landforms 2nd 100% 

Unit 3: Plant and Animal Relationships 2nd 100% 

 
Our analysis indicates that most of the Amplify Science units already engage students in 

spatial reasoning. In line with our recommendations, these units include modeling tasks and 
engage students in creating and interpreting representations of data.  
 
Math 

 

CCSS Math 

Opportunities for Spatial Reasoning 

Counting   

 Kindergarten 14% 

Algebra   

 Kindergarten 80% 

 1st 25% 

 2nd 25% 

Base 10   

 Kindergarten 0% 

 1st 50% 

 2nd 11% 

Measurement and Data   

 Kindergarten 100% 

 1st 100% 

 2nd 100% 

Geometry   

 Kindergarten 100% 

 1st 100% 

 2nd 100% 
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In math, measurement and data reflects the cross-cutting theme of data analysis and 
geometry involves modeling. These areas are strong targets for our recommended data 
representation and modeling tasks. 
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Assessment Analysis 
Summary: Differential 2nd Grade Math Performance 

● By grade 2, Black students (both male and female) have been underserved in developing 
their mathematical competencies when compared to their white counterparts; and this 
difference in math academic achievement persists, while also alluding to a slight increase 
in this differential performance, through the end of 2nd grade; 

● For those that represent the lower half of all 2nd grade Chicago Public school students in 
terms of math performance across two MAP assessment goals (3) Measurement and Data 
and (4) Geometry - those goals most aligned with plausible connections to infuse spatial 
reasoning programs - Black students (both male and female) were the only populations 
that did not perform as well as their white male and female counterparts; 

● For those that represent the higher half of all 2nd grade Chicago Public school students in 
terms of math performance across two MAP assessment goals (3) Measurement and Data 
and (4) Geometry, Black and Hispanic students were the populations that did not perform 
as well as their white counterparts, with female students among multiple racial groups 
performing lower than their male counterparts of the same race. 

 
Results of Math Performance Analyses 

To explore if any differences in mathematics performance exist among 2nd graders, we 
conducted a series of statistical tests. Namely, we sought to test if 2nd grade math performance 
on the Measures of Academic Progress (MAP) differed among students based on race and 
gender, after accounting for different school characteristics (i.e., percentage of students that 
receive free and reduced lunch; percentage of students that are labeled as English Language 
Learners [ELLs]). This latter inclusion of variables in our statistical tests based on school 
characteristics, in other words, adjusted 2nd grade students’ MAP math performance such that 
we could compare all students’ scores of the MAP math assessment as if they all attended 
schools with the same characteristics (e.g., students all attended schools with the same 
percentage of students who receive free and reduced lunch, as well as the same percentage of 
students who are labeled as ELLs). Our findings, thus, represent an analysis that can be used to 
specifically target students who are differentially performing on the MAP math assessment and 
then test novel programs to ameliorate any academic achievement gaps by design. 

The series of statistical tests leveraged multiple forms of analysis on this data; here, we 
present the conclusive ‘big picture’ of what these analyses showcase in terms of how students are 
performing in 2nd grade math across the four different goals in the MAP assessment: (1) 
Operations and Algebraic Thinking; (2) Numbers and Operations; (3) Measurement and Data; 
(4) Geometry. Combined with the curricular analyses we have presented above, these 
quantitative results provide a sharper image from which we can present findings about where and 
what populations may benefit from targeted spatial reasoning programs. Moreover, given the 
detailed analysis we present below that accounts for different school characteristics, our 
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suggestions can, after initial piloting and iterative redesign, hold promise for scalable impact 
across all of Chicago Public Elementary schools. In the end, we found three prominent findings 
related to 2nd graders math performance on the MAP that are pertinent to exploring how to 
ameliorate the achievement gap by specifically designing programs for those that exhibit the 
greatest differences in achievement, especially at lower grades. This ‘nip it in the bud’ approach, 
therefore, could have rippling effects beyond the 2nd grade level well into middle and high 
school, if designed carefully and implemented well. The three findings are as follows: 

1. By grade 2, Black students (both male and female) have been underserved in developing 
their mathematical competencies when compared to their white counterparts; and this 
difference in math academic achievement persists, while also alluding to a slight increase 
in this differential performance, through the end of 2nd grade; 

2. For those that represent the lower half of all 2nd grade Chicago Public school students in 
terms of math performance across two MAP assessment goals (3) Measurement and Data 
and (4) Geometry - those goals most aligned with plausible connections to infuse spatial 
reasoning programs - Black students (both male and female) were the only populations 
that did not perform as well as their white male and female counterparts; 

3. For those that represent the higher half of all 2nd grade Chicago Public school students in 
terms of math performance across two MAP assessment goals (3) Measurement and Data 
and (4) Geometry, Black and Hispanic students were the populations that did not perform 
as well as their white counterparts, with female students among multiple racial groups 
performing lower than their male counterparts of the same race. 

Finding 1: At Second Grade, Racial Disparities Exist in Math Performance, and Persist 
Our first finding, on the prevalence of racial disparities between Black and white students 

on MAP math performance across 2nd grade, we conducted a statistical test (multinomial 
regression) that is used to predict differences in variables among categories - here, the variable 
being studied is MAP math performance and the category of comparison is students’ race. The 
output for this test is in likelihood values when compared to a reference category; here, that 
reference category from which all other racial categories of students in the population are 
compared is white students. This means that any significant differences in students’ MAP math 
performance can be tracked across Fall, Winter, and Spring time points when the MAP 
assessment was administered. Below in Figure X, we have provided this longitudinal tracking of 
each student racial category when compared to white students (i.e., white students represent the 
x-axis, 0 on the y-axis). What should be noted from Figure X is the general linear trends that do 
not change in ways that we would describe as ‘lowering the achievement gap’ across the three 
time points among the racial categories compared. We describe this in more detail below.  

11 



 
Figure X. Longitudinal analysis of 2nd grade students’ MAP math performance by racial 

category, compared to white students representing the x-axis (0 on the y-axis) 
In other words, Asian students start 2nd grade and persist at performing better than their 

white counterparts, albeit their trend in performance seems to allude to a pattern of learning 
within the MAP math assessment that lessens this greater likelihood of Asian students scoring 
significantly better than their white counterparts. This is shown by a negative slope in the 
trendline across these three time points (-12.65) and a starting intercept exhibiting a high 
likelihood Asian students would score 23 points (10% points) more on their MAP math 
assessment than their white counterparts (68.233%).  

Conversely, all other racial categories (Black, Hispanic, and Other) across the three times 
points showcase an increase of the achievement gap when compared to their white counterparts 
in the sample. For example, 2nd grade Black students start lower than their white counterparts in 
terms of their high likelihood to score 23 points less on their MAP math performance than their 
white counterparts (-115.77%), and that this disparity in performance increases over the three 
time points (i.e., the negative slope [-6.9] means Black students are increasing their likelihood to 
score 23 points lower than their white counterparts). Indeed, Hispanic students exhibit a similar 
trend of increasing disparity when compared to white students (intercept = -87.017; slope = 
-6.9); and so do all Other students (intercept = -28.750; slope = -16.100). In sum, what this 
analysis supports is that overall across the MAP math assessment for 2nd grade students in 
Chicago public schools, racial disparity in terms of performance on this measure not only exists 
at the start of 2nd grade but seems to exacerbate even across a single year.  

Given that this first analysis provided a glimpse into predicted racial differences only, 
there was a need to also conduct statistical tests that could integrate gender differences to help us 
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consider if there were specific programs we should explore geared toward meeting the 
differential needs between males and females among racial categories. Analyses from our next 
two findings sought to tease out any additional nuances in this achievement gap by clustering 
low and high performing students within each of the three time points, and then track if this 
categorization could illuminate any shifts in disparity that may be prevalent in one group but not 
the other. Therefore, an initial benchmark performance mean (180/230) on the MAP math 
assessment served as the cut-off point to create low (<181) and high (>=181) student groups - 
this was chosen as the median of the first time point across all races and genders were around 
this score and the MAP math assessment places benchmarks at each 10 point level. This 
benchmark was then increased at the rate at which white male students grew as a whole to 
observe if these new groupings showcase any differences among races and genders following 
white males as the reference category, as well as to disaggregate gender within each race. 
Finding 2: Demographic-based MAP Math Comparisons of Low Performing 2nd Graders  

Our second and third more detailed analyses sought to compare both differences in racial 
categories and genders for the MAP math assessment, given that we had previously found that 
racial disparity not only exists at 2nd grade math performance but persists across the grade level. 
Given that we identified two out of the four goals within the MAP math assessment that would 
be viable candidates to infuse a spatial reasoning program, we explored these two goals - (3) 
Measurement and Data and (4) Geometry - using a statistical test that both predict math 
performance (our measurement variable) based on race and gender categories (i.e., generalized 
linear models). This test also provided mean scores of each of the these sub-group interactions 
among race and gender (e.g., white males compared to Black females; or white males compared 
to Hispanic males) after adjusting for the percentage of free and reduced lunch students in a 
school and the percentage of English-language learners in a school - similar to Finding 1. 

For Finding 2, we explored the ‘low performing’ 2nd graders at each time point and 
calculated any significant effect sizes that are also corrected for bias based on differences in 
standard deviations between groups (i.e., in order to develop comparable impact values to other 
studies adjusting for variations in sample size; these effect sizes represent changes in z-scores). 
In other words, given that the demographic population sizes for Chicago public schools are not 
the same across races, we adjusted the magnitude of the difference between races based on the 
unequal number of students within each race. This allows for our effect sizes to be more accurate 
than without such an adjustment, allowing for us to make claims about what programs might be 
appropriate for all students across Chicago public schools, and to present a clearer picture of 
what effect sizes we would be expecting when designing and implementing an program to 
ameliorate any differences related to racial and gender achievement gaps for 2nd grade students. 
Below in Figure Y, we represent the ‘low performing’ students for Goal 3 (Measurement and 
Data), with a detailed explanation of these findings thereafter to clarify what this Figure tells us. 
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Figure Y. ‘Low performing’ student differences for Goal 3 

In Figure Y above, each race is represented by the same color used in Figure X; female 
genders within each race are outlined in white directly to the right of their male counterparts. At 
the base of a particular column there is a white number (i.e., the bias-corrected effect size) if that 
particular male or female within a race is significantly different than white males at that time 
point (e.g., for time 2 [Winter], Black males perform significantly lower than their white male 
counterparts, and the magnitude of that difference is .21 - a ‘small’ effect size [<.5]). 
Additionally, there are (+) signs above the male column of a race if there is a significant 
difference and small effect size between males and females within a race (e.g., for time 2, Other 
males perform significantly worse than their Other female counterparts, at a small effect size 
magnitude). Given these notations, what we find for ‘low performing’ student differences for 
Goal 3 in Figure Y is that as we move from Fall (where there are no differences in performance 
between diverse racial categories and their white male counterparts) to Spring (where there are 
multiple lower performing diverse races when compared to white males) is that Black students 
(male and female), as well as Hispanic males, performed worse than their white male 
counterparts - although, no other races exhibit this MAP math performance disparity. And while 
we see gender differences within the Other racial category in Fall and Winter, this is ameliorated 
by Spring, alluding to male Other students catching up to their female Other counterparts.  

Below in Figure Z, we use the same notations for Goal 4 among ‘low performing’ 
students. For this Goal, we see no gender differences among any race at any time point; 
moreover, the only race performing worse than white males are Black males, and Black females 
by the Spring time point. This, combined with our Finding 1, suggests that while Black males 
may start more likely to score lower on the MAP math assessment, Black females by Spring also 
become folded into that category of predicted to perform worse than their white counterparts. In 
sum, between Figures Y and Z, our Finding 2 suggests that students that may be characterized as 
‘low-performing’ exhibit the prominent achievement gap and racial disparity that was found in 
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Finding 1 only for Black male and female students, and Hispanic males students for Goal 3. This 
analysis, thus, sheds light on the reality that this particular category of students - by and large - 
across race and gender, do not require programs across all racial categories. Indeed, this also 
suggests that while we might perceive ‘low performing’ students as the source of where 
programs around spatial reasoning would be most impactful to ameliorate racial and gender 
disparities related to the achievement gap, that assumption is not supported by the data. 

 
Figure Z. ‘Low performing’ student differences for Goal 4 

Finding 3: Demographic-based MAP Math Comparisons of High Performing 2nd Graders 
As stated above, our second and third findings represent analyses of low and high 

performing students categorized by a beginning benchmark at 180 - around the the Fall median 
across the entire data set - and then having that benchmark denoting the categorized split 
increasing relative to the growth of white males. Utilizing the same notations as the above 
Figures Y and Z, below we explore the ‘high performing’ 2nd grade students across MAP math 
goals 3 and 4 - those goals we have identified as being leverage points where we can envision 
infusions of spatial reasoning programs to ameliorate the achievement gap represented by Figure 
X. First, Figure A below showcases the comparisons among races and genders for Goal 3, while 
Figure B below showcases these same comparisons for Goal 4. Each of these Figures are 
described in detail for their important highlights related to racial disparity, as well as any gender 
disparities that may exist within racial categories. Through these final Figures, we lay the last 
pieces in place to then discuss pertinent areas where we envision implementing to support all 
students in developing more sophisticated spatial reasoning capabilities in math and beyond. 
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Figure A. ‘High performing’ student differences for Goal 3 

In Figure A, compared to Figures Y and Z, we see a substantial difference in the 
prevalence of differential performance on the MAP math assessment for Goal 3, both around 
racial and gender disparities. To start, similar to Figures Y and Z in Finding 2, this tracking 
showcases how Black students - no matter whether they are male or female - consistently 
perform lower than their white male counterparts. This is, indeed, the same for Hispanic male 
and females, as well. However, while in Figures Y and Z we found an increase of the effect size 
(i.e., the magnitude of difference between white males and the racial category being compared; 
in white numbers at the base of the columns), here these differences seem to lessen for Black 
males and females, albeit for Black males this dampening of difference from .31 to .29 is much 
less of a dampening of the achievement gap for Goal 3 than their Black female counterparts who 
show a substantial decrease in their achievement gap from .41 to .29. It should be noted, though, 
that for Hispanic males this achievement gap at the ‘high performing’ level appears to be 
widening from no difference in Fall to .22 in the Spring, while Hispanic female performance 
differences seem to remain stagnantly lower than their white male counterparts. 

More surprisingly, and pertinent to our goals in identifying where programs might be best 
served, Figure A showcases the most gender disparities within racial categories. While in the Fall 
only Other male and Asian males perform better than their female counterparts, in the Winter 
time point we see an emergence of lower performance on Goal 3 in the MAP math assessment 
for Hispanic and white females, as well. And while Hispanic females within the Spring time 
point do not exhibit significantly lower performance on this MAP goal, white females maintain 
their disparate lower performance compared to their white male counterparts; and, 
disconcertedly, across all three times females have performed lower across all races. These 
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disparities among race and gender, thus, illuminate a starkly different picture than those in the 
‘low performing’ category we presented in Figure Y. In fact, in general, females in the ‘low 
performing’ categorization for Goal 3 tended to have higher scores on this MAP math goal than 
their male counterparts, and even significantly higher at one time and race: Other female, Winter. 
This suggests a prime area of interest to inquire about the possibility of implementing programs 
to improve spatial reasoning among race and gender related to Goal 3 on the MAP assessment, 
which aligns well with the findings from Goal 4 among this ‘high performing’ category, as well. 

 
Figure B. ‘High performing’ student differences for Goal 4 

Figure B above showcases similar racial disparities for Goal 4 as the ‘low performing’ 
categorization of students we have showcased in Figure Z. Namely, Black males and females 
show persistent differential performance on the MAP math assessment for Goal 4. Intriguingly, 
while ‘low performing’ Black male effect sizes in Figure Z showcase an increase from .24 to .34 
across 2nd grade for Goal 4, Figure B showcasing ‘high performing’ Black male effect sizes 
decreasing to the point of negligible effects, from .33 to .19, when compared to their white male 
counterparts. Black females in the ‘high performing’ categorization showcased in Figure B 
showcase this same decrease of achievement disparity, from .27 to .22, alluding to Black 
students lessening the achievement gap across gender for Goal 4, but only for ‘high performing’ 
students. Indeed, we also find that ‘high performing’ Hispanic students in Figure B showcasing, 
no matter their gender, a relative stable and unmediated achievement gap when compared to their 
white male counterparts (.22 to .26, as a range), which seems to be the same case for ‘high 
performing’ Asian males students (.34 to .35).  

What should be noted, though, in Figure B is that no gender differences in MAP math 
performance are significant other than Asian males performing higher than their female 
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counterparts. It also seems that the same general trend found in Goal 3 when comparing high and 
low gender disparities (albeit more subtle in Goal 4), is also found in Goal 4; specifically, ‘low 
performing’ females tend to have higher scores than their male counterparts while ‘high 
performing’ females exhibit lower scores than their male counterparts. Taken together these 
Figures showcase significantly and substantial trends in MAP math performance across Goals 3 
and 4 - those Goals we have identified as pertinent leverage points for spatial reasoning program 
inclusions - that can provide insight into how and in what ways we can envision designing more 
equitable learning opportunities for all learners across race and gender.  

Finally, as Hill, Bloom, Black, and Lipset (2008) have pointed out, programs to 
ameliorate achievement gaps in math showcase differential impacts related to how proximal the 
program is to the measurement variable. Therefore, drawing on elementary math spatial ability 
programs that have small effect sizes such as Lowrie, Logan, and Ramful (2017; d = .4) who 
have successfully implemented to improve such spatial reasoning is crucial for our future 
endeavors. Moreover, as Rutherford et al. (2014) showcase in their disaggregated program for 
elementary math spatial ability, there has been shown negligible impacts for lower level math 
ability students but small effects for moderate to higher level students in their study (d = .16-.20). 
Given our analysis suggests little to no racial and gender disparity at the lower performance 
levels, our prospects for enacting programs for those that need it the most are promising. With 
ample research and meta-analyses showcasing the connection between spatial ability and 
mathematical achievement (Geer, Quinn, & Ganley, 2019; Gilligan, Hodgkiss, Thomas, & 
Farran, 2019; Hawes & Ansari, 2020; Mix, 2019; Young, Levine, & Mix, 2018), we feel 
confident that our next steps to ameliorate the racial and gender achievement gaps among 2nd 
grade students in Chicago public schools is both promising and possible. Moving forward, we 
discuss the findings from our teacher survey to identify specific ways to support teachers. 

 
Social Network Analysis 

Summary: What are teachers doing a lot of, and in what discipline? 
● Elementary teachers have discussions with their colleagues at a higher rate about math 

compared to science, but the data suggest that these conversations do not lead to changes 
in teachers’ perceptions of their pedagogies, curriculum, and assessment. 

● When elementary teachers discussed science with their colleagues, an increase of 
conversations about how to help their students learn science, how they personally teach 
the discipline, and the science standards also led to a significant likelihood that they 
perceived changes in their practice when reflecting on their past school year. Meaning, 
when teachers talked about science, they were likely to think that their practices changed 
partially because of those conversations. However, science teachers were much less 
likely to talk about designing disciplinary science curriculum than to talk about designing 
math curriculum, alluding to an importance of one discipline over the other in teachers’ 
work. 
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Elementary Teachers are Provided with Different Professional Supports Among 
Disciplines, which Affect their Perceived Changes in Practice 

One of the central goals of our work is to support elementary teachers in ways that might 
not be currently done in their professional interactions and support systems. For the infusion of 
spatial reasoning, given its capability to be integrated across different disciplinary subjects, we 
sought to identify possible patterns among the types of interactions that elementary teachers have 
had during the past year in relation to computer science, math, and science disciplines when 
discussing different teaching and learning topics with colleagues. We also wanted to explore the 
frequency by which teacher-colleagues observed and reviewed each others’ classroom practices 
and student work. Finally, we asked teachers to rate their perceived change in different practices 
over the past school year that could then be compared to their previous interaction and 
observation patterns they participated in with colleagues.  

To do so, we administered a 19-item Likert-based survey instrument to elementary 
teachers. The survey had the same structure for all 19 Likert items but then we also randomly 
assigned what discipline the survey was asking these teachers to describe in relation to their 
conversations, observations, and changes in practice. In other words, we wanted to know how 
these 19 items differed across elementary teachers when they were having conversations with 
their colleagues about a specific discipline, observing each others’ lessons and reviewing 
students’ work within that same discipline, and how they perceived their practices in the 
discipline may have changed over a school year. Appendix A provides the survey instrument in 
relation to one of the disciplines: computer science. 

The three scales within the survey (Conversations with colleagues, Observations of 
colleagues, and Perceived Changes in Practice) held sufficient reliability within each scale: .829 
(7 items), .861 (3 items), and .971 (9 items), respectively. Upon inspection when a Principle 
Component analysis with Varimax rotation was conducted on all 19 items, 3 items exhibited dual 
loading behavior (<.6 in the component matrix across two scales) and, thus, were excluded from 
the instrument’s scales. These three items (3, 4, 5), in the Conversations scale, unsurprisingly, 
were less focused on pedagogical, curricular, or evaluative components of teaching and learning. 
Therefore, their exclusion was both predicted and confirmed as suitable due to their lack of 
conceptual alignment with the overall scale in relation to the other items.  

In the end, after excluding these 3 items in the conversation scale, a Principle Component 
analysis with Varimax rotation showcased two constructs underlying our survey: Conversations 
and Perceived Changes in Practice loaded together in one construct, while Observations loaded 
onto another construct: Kaiser-Meyer-Olkin Measure of Sampling Adequacy = .916; Bartlett’s 
Test for Sphericity: Chi-square (120) = 1297.0; p<.000. However, given that our Conversations 
scale was on a 5-option Likert continuum and our Perceived Changes in Practice scale was on a 
7-option Likert continuum, as well as both having different labels for each interval, these two 
scales were separated and analyzed as distinctly different construct measurement scales. This 
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separation, then, allowed us to explore how or in what ways the frequency of the type of 
conversations that teachers had could be related to their perceived changes in practice.  

After an initial exploration of each of these scale mean distributions, it was found that a 
parametric statistical analysis was not favorable, as the model-fit violated multiple assumptions. 
Therefore, we explored the differences among disciplinary types of surveys asked (computer 
science, math, and science) using multinomial regression. We examined if these scales differed 
significantly across the disciplinary focus we asked the teachers to reflect and report, while also 
including the amount of professional development teachers received in each specific discipline, 
accounting for differences in past coursework taken in their degrees in each specific discipline, 
examining if the sample of teachers surveyed for each discipline-specific version was different, 
and exploring if past teaching experience differed among the teachers sampled for each 
discipline-specific survey. Through this analysis, we found notable differences across the 
computer science, math, and science surveys in relation to these independent variables. Below in 
Table Z we provide the parameter estimates from this multinomial regression analysis and then 
explain in detail the importance of this output thereafter. 
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These estimates in Table Z showcase two notable differences when comparing computer 
science and science responses from teachers and math responses from teachers. First, concerning 
computer science when compared to math, teachers reported received significantly more 
professional development (PD) over the past year than the amount of PD they received for math 
(p = .043; 710% more); this coincides with significantly less disciplinary coursework that 
teachers have taken in their degrees than their amount of math coursework (p = .001; 62% less). 
In turn, teachers’ conversations with their colleagues around computer science were significantly 
less than their conversations about math (p = .002; 95% less). Secondly, concerning science 
when compared to math, teachers reported only significant differences in terms of conversations 
with their colleagues (p = .005; 76% less), with a slight approaching of significance to 
differences in their changes in practices in science when compared to math, which alludes to 
more perceived changes in practice related to science teaching and learning than math practices 
(p = .064; 242% greater perceptions of change).  

The first finding with computer science was, indeed, predictable: Elementary teachers are 
not required to teach computer science so it was likely they would have the same amount of 
experience in that discipline compared to math and that they talked about teaching and learning 
related to computer science. The second finding, however, needed further disaggregation to see 
what type of relationships might be different between how teachers talk about math and science, 
and perceive their changed practices. Therefore, in a subsequent analysis, we conducted Fisher’s 
Exact Test statistics to determine if any significant relationships exist between how math and 
science disciplinary-specific responses provided by teachers were similar or different. For this 
analysis we look at each item from the Conversations with Colleagues and Perceived Changes in 
Practices scales from the previous analysis to explore how these two variables may or may not be 
related, specifically given their similar loading from our Principal Component Analysis.  

To reiterate, the Conversations scale was a 5-interval Likert focused on frequency of 
interaction, see Figure C below for an example. Conversely, the Changes in Practice scale was a 
7-interval Likert focused on the degree in which teachers perceived change in their practice on a 
gradient, see Figure P below for an example. Given these differences in scale types and the lack 
of large sample size, it was more appropriate that we aggregate multiple responses within each 
scale to develop nominal codes that would be conceptually sound to analyze and compare to one 
another. In the end, for the Conversations scale, we kept ‘Never’ as a category, chunked ‘A few 
times per year’ and ‘Monthly’ into a category titled ‘Sometimes,’ and chunked ‘Weekly’ and 
‘Daily’ into a category titled ‘Frequently.’ This larger grain size for the scale allowed for a 
generative analysis of this scale when comparing math and science disciplinary-specific survey 
responses provided by teachers. For the Changes in Practice scale, we conceptually aggregated 
the Likert intervals into two appropriate categories: The first (‘Lack of Change’) included all 
responses on this scale up to and including ‘4,’ indicating all responses that were not explicitly 
stating a perceived change in practice by teachers. All other values (5-7) were categorized as 
‘Change’ as they indicated some type of change perceived by teachers in their practice. 
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Figure C. Conversations with colleagues scale examples 

 
Figure P. Changes in practice scale examples 

Within these nominal tests of independence, intriguing patterns emerged in relation to 
how math and science responses were related across these two scales: (1) Conversations teachers 
had about the discipline and (2) Perceived changes in practice that they felt took place over the 
past school year. We have included these matrices of item relationships via Fisher Exact Test 
statistics and Phi correlation values among nominal categories in Appendix B. For math-specific 
responses collected from teachers, two Conversation scale items (1 and 6), related to discussing 
what helps students learn math the best and discussions around teachers’ individual math 
instruction, respectively, across all changes in practice items, exhibited lack of Fisher statistic 
calculations and positive Phi values. This occurs when one nominal category for a variable is not 
present; in this case, teachers reporting about math conversations they had over the past year 
showcase that the ‘never’ option in these two Conversation scale items was not selected even 
once. In other words, teachers consistently reported speaking at least sometimes and in some 
cases frequently to colleagues about how to improve their math instruction. See Figure M below. 

 
Figure M. Example of math conversations and changes in practice frequencies 
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Conversely, in science-specific responses among these item relationships, teachers did 
report ‘never’ having conversations with their colleagues around how to help students learn 
science the best and ‘never’ having discussions around teachers’ individual science instruction. 
This also, thus, showcased a significant relationship between the preponderance of 
Conversations teachers had about science and their Perceptions of changes in their practice. Put 
simply, the data suggest that the more conversations teachers reported having across these items, 
the more likely they perceived changes in their practice. Below in Figure S we have provided the 
frequencies among one such item relationship. This positive, significant relationship between 
conversations and perceived changes in practice was found for Conversations item 1, 6, and 7 
across the majority of the Perceived items, with the exception of Item 4 (Perceive changes to 
integrate spatial reasoning) - among neither math nor science were teachers seen to exhibit 
relationships between any Conversation items and this Changes in Practice item. This is 
important given that this item could then be used to measure the impact of programs on teachers’ 
frequency of conversations and perceived changes in practice, along with the relationship 
between them, to identify plausible non-cognitive outcomes we could develop. 

 
Figure S. Example of science conversations and changes in practice frequencies 

Intriguingly, Conversation Item 2 - conversations with colleagues about developing new 
disciplinary curriculum - showcased the only item in this scale where both math and 
science-specific responses from teachers were insignificant across all Perceived Changes in 
Practice items. What this means is that (1) math-specific conversations that teachers have had in 
the past about developing new curriculum for students does not necessarily lead to teachers’ 
changes in perceived practices and (2) science-specific conversations about developing new 
curriculum for students never happened ‘Frequently.’ This suggests that math curriculum 
development among teachers happens more often than science curriculum development, but also 
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that there may be needed scaffolds for teachers to start to tease out how and in what ways new 
math-specific curriculum adapted in collaboration with colleagues (and, arguably, researchers) 
may lead to changes in the ways in which they teach the curriculum (See Figure N). Moreover, 
as Figure L below showcases, while there was not a significant relationship between 
conversations about curriculum and change in practice, there seems to be a positive relationship 
toward the impact of increasing conversations about curriculum and perceived changes of 
practice when these conversations are specific to science. These items, thus, could be used in 
future studies to examine plausible impacts of programs infusing disciplinary spatial reasoning. 

 
Figure N. Example of math conversations and changes in practice frequencies 

 
Figure N. Example of science conversations and changes in practice frequencies 
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Finally, the most highly significant relationships between Conversation scale items and 
Changes in Practice scale items for each discipline were also distinctly different. First, in 
math-specific responses, teachers primarily reported change in their practice related to ‘student 
grouping’ when they frequently discussed math standards with their colleagues (See Figure Q 
below) - with no other significant changes in practice relationships aligned with discussions of 
disciplinary standards. These teachers, indeed, reported discussing student grouping when 
discussing their instruction (Item 6), but also assessment and how to meet students’ learning 
needs. This suggests that teachers who increase discussions about math standards might do so 
while focusing primarily on how to manage their classroom as a measure of successful change in 
practice, rather than other measures of success related to items asking about changes that were 
more about learning and less about student behavior. However, if they had conversations about 
math instruction, assessment and individual student learning needs were also discussed.  

Science-specific responses, indeed, also showcased this highest significance of 
relationship between conversations between colleagues and student grouping, although it was 
when teachers had conversations about their instruction (item 6) but they also reported a 
comparable significant impact of the frequency of such conversations when they focused on 
disciplinary topics covered when speaking with their colleagues about their instruction. This 
alludes to a preponderance of math and science conversations (even though science happens less 
frequently) focusing on student grouping (i.e., student behavior). Indeed, the lack of relationship 
between conversations and changes in practice might be an indication of needed support for 
teachers in math not currently provided. Finally, given that the majority of the items around the 
frequency of conversations in science are related positively to perceived changes in practice, it 
appears that science instruction may be more malleable to infusion of programs and support. 

  
Figure Q. Example of math standards conversations and changes in student grouping 
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