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1   |   INTRODUCTION

Developing novel  learning opportunities and  instruction 
in  Mathematics  at  the  elementary  level  is  imperative  to 
meet  the  needs  of  all  students  (Nicol  &  Crespo,  2005; 
Ottmar et al., 2013; Pianta et al., 2008). Longitudinal anal-
yses across national, local, and comparative data sets high-
light that growth and disparity in Mathematics begins and 
persists before secondary school (cf. Cameron et al., 2015; 
Kuzmina  &  Ivanova,  2018;  Lee,  2010;  Scammacca 
et  al.,  2020). This  suggests  that  elementary  education  is 
one context to examine when differences in Mathematics 
achievement  might  emerge  and  point  to  approaches  to 
ameliorate  these  disparities  early.  Short  interventions 

have demonstrated benefits that last for months (Brisson 
et al., 2017), while cross- disciplinary impacts have shown 
powerful  promise  for  students  who  often  have  the  larg-
est  differences  in  Mathematics  achievement  (Shin 
et al., 2013). These opportunities are mediated, though, by 
how teachers envision what support they need profession-
ally,  their  perceptions  of  student  capabilities  across  race 
and gender, and what constitutes equitable Mathematics 
education goals (cf. Brand et al., 2006; Ford, 1994; Ottmar 
et al., 2013; Ross, 1995; Sparks & Pole, 2019).

The research presented here corroborates and contrib-
utes  to  past  analyses  that  illuminate  how  students  from 
diverse backgrounds are supported, or not,  to achieve in 
Mathematics at the K- 5 grade levels (cf. Brand et al., 2006; 
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Abstract
Disparities in Mathematics performance have been shown across race and gen-
der for decades, although little research has reported the race by gender nexus 
in terms of disparity. In turn, research done to ameliorate these disparities have 
assumed  that  these  differences  are  primarily  among  student  populations  who 
need  remedial  learning  improvement.  In  this  research,  we  test  these  assump-
tions by using multinomial regression analyses and adjusted mean comparisons 
with bias- corrected effect sizes from a data set of ~20,000 2nd grade students in 
Chicago. Further, we contribute  to previous elementary Mathematics  research 
by  illuminating  the  powerful  impacts  that  spatial  reasoning  integrations  into 
Mathematics curriculum and pedagogy can have for all students' learning. Our 
findings provide empirical support  that even after accounting for  the effects of 
school composition, racial disparities exist in the beginning and persist through-
out the year, among 2nd grade students. However, upon disaggregating students 
by race, gender, and median split, such disparities are greatest among students 
that are above the median. Our results encourage quantitative research analyses 
that explore ways to reduce Mathematics disparities to sharpen their approaches 
to  be  more  sensitive  to  the  achievement  levels  of  students  among  such  equity 
inquiries.
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Ottmar  et  al.,  2013;  Reardon  &  Galindo,  2009).  We  also 
investigate  whether  under- represented  youth  in  science, 
technology, engineering, and mathematics (STEM) disci-
plines more broadly perform worse among Mathematics 
topics (Bachman et al., 2015). Through this research, we 
expand on analyses done that have showcased the impact 
of  Mathematics  tracking  in  relation  to  student  opportu-
nities (Ngo & Velasquez, 2020), sharpening this approach 
to  focus  more  on  what  kind  of  disparities  emerge  and 
persist in order to ameliorate differences in Mathematics 
performance among all students. Inevitably, through our 
analyses  we  provide  a  highly  sensitive  approach  to  re-
veal the specific level of achievement where such dispar-
ities emerge and persist  in  relation  to urban elementary 
Mathematics  student  performance  in  the  third  largest 
urban school district in the United States: Chicago, IL.

To  this  end,  as  the  Common  Core  State  Standards 
(CCSS) are used in Illinois, and these CCSS are aligned with 
assessments  used  by  Chicago  Public  schools  to  measure 
Math Learning (NWEA, 2019; Set, 2018), we analyze these 
standards and their coinciding Mathematics Performance 
scales around topics in elementary Mathematics that are 
uniquely framed to benefit from the integration of spatial 
reasoning.  Spatial  reasoning  was  used  as  a  specific  the-
oretical  frame  for  our  inquiries  given  that  studies  have 
consistently confirmed its relationship with Mathematics 
achievement  (cf.  Geer  et  al.,  2019;  Gilligan  et  al.,  2019; 
Hawes & Ansari, 2020; Young et al., 2018). There is also 
evidence to suggest that improving spatial reasoning may 
help ameliorate disparities across race and gender (Hadi- 
Tabassum,  2017;  Lauer  et  al.,  2019).  Finally,  integration 
of spatial reasoning has been shown to support equitable 
Mathematics  learning  across  various  achievement  lev-
els,  and specifically  for  those populations  from our data 
set where  these disparities are most prevalent  (i.e., high 
achievers; Rutherford et al., 2014). In sum, this work (1) 
highlights where spatial reasoning could be integrated in 
the Common Core State Standards for Mathematics; and 
(2) analyzes district data among all students' Mathematics 
performance across one school year at three points to re-
port if disparities in Mathematics achievement exist and/
or persist along spatially aligned content areas.

2   |   BACKGROUND LITERATURE

Spatial  reasoning  plays  a  vital  role  in  how  we  interact 
with  our  physical  and  mental  world  and  is  defined  as 
“the  ability  to  generate,  retain,  retrieve,  and  transform 
well- structured  visual  images”  (Lohman,  1993,  p.97).  In 
other  words,  spatial  reasoning  focuses  on  the  locations 
of objects  in  space,  their  shapes and movement, and re-
lationships  among  these  factors  (Uttal  &  Cohen,  2012; 

Sauter et al., 2012). Most importantly, there is a wealth of 
evidence that spatial reasoning skills are critical to STEM 
learning (Stieff & Uttal, 2015), and that it plays an impor-
tant role  in early Mathematics skills, such as one to- one 
correspondence,  number  line  knowledge,  and  geometry 
(Clements  et  al.,  1999).  Spatial  skills  are  also  associated 
with greater academic, occupational, and creative success 
in STEM domains (Kell et al., 2013; Wai et al., 2009).

However,  important  disparities  exist  in  spatial  rea-
soning skills. One of the most consistent findings is that 
males have better spatial reasoning than females (Linn & 
Petersen, 1985; Maeda & Yoon, 2013). This gender dispar-
ity has been observed throughout the lifespan and has been 
detected as early as infancy (cf. Moore & Johnson, 2008; 
Quinn  &  Liben,  2008).  Although  little  work  has  been 
done to explore racial and socio- economic differences in 
spatial  reasoning,  there  is evidence of achievement gaps 
in  Mathematics  among  Black  and  White  students  (e.g., 
Lee  &  Wong,  2004),  as  well  as  socio- economic  dispari-
ties  impacting  early  Mathematics  skills  (e.g.,  Goldin  & 
Katz, 2009). These disparities can invariably lead to larger 
gaps  in  education  and  career  achievement  in  the  future 
(Bradley  &  Corwyn,  2002).  Improving  spatial  reasoning 
skills,  thus,  offers  benefits  for  later  STEM  opportunities 
(Uttal et al., 2013; Halpern et al., 2007).

Below we unpack analyses of such disparities a bit fur-
ther, along with examples from the literature that suggest 
that these differences in spatial reasoning can be amelio-
rated by design.

2.1  |  Developing spatial reasoning: 
Prominence and impact of gender 
research studies

One of the most highly cited meta- analyses around differ-
ences  in  gender  performance  on  spatial  reasoning  tasks 
(i.e., mental rotation) illuminates the emergence and per-
sistence of disparities linked explicitly to its emergence in 
elementary school  (Lauer et al., 2019).  In  this work,  the 
authors tease out the nuances of these gender disparities 
around  spatial  reasoning  among  128  studies  estimating 
303  effect  sizes.  Their  conclusions  paint  a  clear  picture 
about  the  emergence  and  prominent  increase  of  spatial 
reasoning between genders across schooling years:

Spatial  skills  during  childhood  are  predic-
tive of later academic, professional, and cre-
ative  success  in  STEM  fields  …  [and]  male 
advantage  in  mental  rotation  contributes  to 
gender  disparities  in  STEM  attainment  by 
early  adolescence  …  interventions  that  spe-
cifically  target  factors  implicated  in  girls' 
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underperformance  on  mental  rotation  tasks 
(e.g.,  spatial  anxiety,  strategy  use)  could 
be  effective  in  reducing  gender  disparities 
during  development.  Because  these  factors 
have  been  linked  to  individual  differences 
in mental  rotation performance among girls 
and boys alike, such interventions could not 
only  ameliorate  gender  differences  in  chil-
dren's  mental  rotation  skills  but  also  foster 
spatial  development  more  broadly.  (Lauer 
et al., 2019, p. 551– 552)

Corroborating  this  meta- analytic  finding,  Levine 
et  al.  (2016)  previously  confirmed  these  claims  and  fur-
ther  teased out  that  the predictive  success  in STEM disci-
plines  was  similar  among  variable  levels  of  achievement. 
These findings led us to explicitly think about within- group 
variance related to gender differences across races and the 
stratification of estimates based on performance among el-
ementary students in Chicago Public Schools. More impor-
tantly,  we  also  sought  to  leverage  previous  impact  studies 
that sought to ameliorate these gender differences in terms 
of how we could make suggestions to integrate spatial rea-
soning in curriculum standards.

For  example,  a  study  by  Lowrie  et  al.  (2017)  suggest 
that when designed collaboratively with elementary teach-
ers, spatial reasoning infusions into existing Mathematics 
curriculum  significantly  and  substantially  impact  both 
young students' spatial reasoning performance and their 
Mathematics  learning.  Additionally,  a  key  take- away 
from this work is that there were no differential gains be-
tween genders on either measure of spatial reasoning or 
Mathematics  learning,  with  these  estimated  differences 
well above significance thresholds (p > .7). This curricular 
co- design involved both physical artifacts and computer- 
supported  manipulatives  and  did  not  increase  the  time 
spent  on  Mathematics  instruction,  which  suggests  that 
appropriate and powerful impacts can occur to ameliorate 
spatial  reasoning  and  Mathematics  learning  disparities 
concurrently, while also not creating greater demand on 
classroom teachers in terms of curriculum scope and se-
quence.  Further  aligning  with  this  single  study,  another 
meta- analysis  of  impact  studies  among  young  children 
designed  to  improve  spatial  reasoning  through  physical 
artifacts,  visual  prompting,  and  use  of  gesture  supports 
that the effects of such impact studies are greater for girls 
(g = 0.909) than for boys (g = 0.686), which illustrates the 
power  of  designed  support  for  such  skills  and  thinking 
in relation to ameliorating disparities (Yang et al., 2020). 
From these works, we feel confident to claim that spatial 
reasoning  is  important  for  elementary  Mathematics  in-
struction, but also realize the lacking prevalence of such 
tasks among standards.

Research and policy efforts to develop and test explicit 
spatial  reasoning  instruction  have  been  limited  and,  de-
spite  its  importance,  “[skill]  in  spatial  thinking  is  pre-
sumed  throughout  the  K- 12  curriculum  but  is  formally 
and  systematically  taught  nowhere.”  (National  Research 
Council, 2006, p. 131). Importantly,  though, there is evi-
dence  that  spatial  reasoning  can  be  improved  with  con-
sistent  practice  and  curriculum  integration  (Uttal,  2000; 
Newcombe,  2010),  as  we  reported  above.  In  turn,  much 
of  the work  that has been done has  focused on  training 
specific  skills,  like  mental  rotation,  in  a  laboratory  set-
ting (Sorby et al., 2013), which suggests  that more work 
is  needed  to  understand  the  effects  of  spatial  reasoning 
instruction and bridge the gap between these lab studies 
and  classroom- based  learning  and  instruction  (Hawes 
et al., 2015). To further elaborate on one example, an ap-
proach that has shown great promise for improving young 
children's skills is called Spatial Thinking in Context (StC; 
Newcombe, 2013).

This StC approach emphasizes spatial thinking as a se-
ries of practices for learning and teaching in STEM fields, 
with particular relevance to Mathematics instruction. For 
example,  graphing  and  visualization  techniques  can  be 
taught in the context of a variety of Mathematics topics, 
and these kinds of visualizations can help students begin 
to  learn  about  graphing  and  graphical  representations 
being  part  of  Mathematical  practices  as  recommended 
by  the  Common  Core  Math  Standards.  In  one  example, 
using area to indicate number and amount, either through 
manipulatives or representations, can help  improve spa-
tial  reasoning  by  giving  a  concrete,  spatial  grounding  to 
abstract Mathematics concepts (Newcombe, 2010). In ge-
ometry, students can also use blocks and other manipula-
tives to create models of key shapes and patterns, such as 
symmetry.

The  challenge  of  this  current  work  is  to  analyze  ex-
isting  opportunities  to  integrate  such  spatialized  activi-
ties in the current widespread educational standards, the 
Common Core State Standards, and to understand the ex-
tent to which gender and racial disparities exist in young 
learners' Mathematics performance related to topics that 
are  unique  areas  of  Mathematics  where  spatial  reason-
ing  plays  a  crucial  role.  Given  the  known  relationship 
between  spatial  ability  and  Mathematics  performance 
(Holmes et al., 2008; Rasmussen & Bisanz, 2005), the goal 
of  this work is  to use Mathematics assessment data as a 
lens  into  spatial  reasoning  skills  and  integrate  explicit 
spatial reasoning instruction to reduce early Mathematics 
disparities.  We  focus  on  Mathematics  because  a  spatial-
ized approach to early Mathematics instruction can have a 
transformative effect on learning. The research presented 
here, aligned with these goals, is guided by the following 
research questions:
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1.  What K- 2 Mathematics standards contain opportunities 
to  integrate  spatial  reasoning  instruction?

2.  Among these Mathematics topics, do gender and racial 
disparities exist? And do they persist?

3   |   METHODS

This  work  is  part  of  a  researcher- practitioner  partner-
ship  (RPP)  between  Chicago  Public  Schools  (CPS),  the 
Spatial Intelligence and Learning Center at Northwestern 
University, and The Learning Partnership focused on how 
explicit  instruction  in  spatial  reasoning  in  the  primary 
grade  band  can  contribute  to  reductions  in  variation  in 
STEM  outcomes  for  low- income,  minority  students  in 
CPS. At the heart of the problem of practice for the RPP 
is  research  evidence  that  a  significant  proportion  of  the 
variance  in STEM outcomes can be explained by spatial 
reasoning abilities, yet  spatial  reasoning  is not  routinely 
taught  in  K- 12  settings.  With  seed  funding  from  the 
Northwestern  CPS  Rapid  Impact  Grants  Program,  the 
spatial reasoning RPP conducted a needs assessment that 
clarified the problem of practice and identified opportuni-
ties for infusing spatial reasoning into the most prevalent 
math,  science,  and  computer  science  curricula  in  CPS. 
Given the lack of high stakes assessments in the K- 2 grade 
band, the CPS partners reported that the K- 2 grade band 
received less attention than the other grade bands. Thus, 
this RPP focused on K- 2  to help  to  fill  that gap for CPS. 
Conversations amongst the partners led to a focus on three 
strands of work for the needs assessment: (1) an analysis 
of  the variation in assessment performance at  the  initial 
grade level assessed in math and science (2nd grade); (2) 
a survey of K- 2 CPS teachers to identify opportunities for 
engaging teachers in a co- development process; and (3) an 
analysis of the opportunities for infusing spatial reasoning 
into the most prevalent math, science, and computer sci-
ence curricula in CPS. The goal of the needs assessment 
was to inform the partners on what concepts to focus on, 
where  in  the  curricula  to  focus,  and  how  to  engage  K- 2 
teachers in a co- design process.

3.1  |  Data measures

Chicago Public Schools follow the Mathematics Common 
Core  State  Standards.  We  analyzed  the  four  thematic 
Mathematics standards for each grade in the K- 2 band to 
determine  opportunities  to  integrate  spatial  reasoning: 
(a)  Algebra,  (b)  Base  10,  (c)  Measurement  &  Data,  and 
(d)  Geometry.  We  then  used  the  Northwest  Evaluation 
Association's (NWEA) open- source data of the Measures 
of  Academic  Progress  (MAP)  Math  Assessment  for  2nd 

graders  to  explore  any  racial  or  gender  disparities,  and 
any disparities at  their  identity nexus (Race by Gender). 
The MAP Math Assessment aggregates scores across four 
Mathematics  topics also  reflected  in  the Common Core: 
(a) Operations and Algebraic Thinking; (b) Numbers and 
Operations;  (c)  Measurement  and  Data;  (d)  Geometry. 
Given the overlap in topic areas, analyzing both the MAP 
assessment  data  and  the  Common  Core  State  Standards 
enabled us to examine correspondences between our two 
goals and areas of  spatial  integration. Moreover, NWEA 
has  reported  that  their  Math  Assessment  is  aligned  to 
assess  these  CCSS  for  Illinois  students  (NWEA,  2019; 
Set, 2018).

The MAP assessment was administered to all Chicago 
public school students during the 2018– 2019 school year 
at  three  points:  (a)  Fall,  (b)  Winter,  and  (c)  Spring.  We 
analyzed each time point for differences among race and 
gender. Meaning, we compared students' racial categories 
in terms of their group performance on the MAP math as-
sessment for 2nd graders analyzing any racial differences 
between  Asian,  Hispanic,  Other,  and  Black  students  to 
white  male  students,  and  then  explored  any  differences 
among genders within each racial category to give a pro-
file analysis at each time point. This was done first at the 
aggregate  score  across  all  four  Mathematics  topics,  then 
sharpened to examine if disparities exist and persist in two 
of the sub- score Mathematics topics that we found to be 
most appropriately aligned to having spatial reasoning in-
tegrated into the CCSS standards we analyzed. We unpack 
and tease out  the nuances  to  this analytic approach and 
its limitation below for clarity of making white males the 
referent.

3.2  |  Data analysis

To answer Research Question 1, the authors worked col-
laboratively  to  analyze  the  standards  provided  by  the 
Common Core State Standards in Mathematics. Through 
an iterative analysis (elaborated more in the Findings sec-
tion), we determined the extent to which these standards 
could draw from the integration of spatial reasoning based 
on the above literature. To answer Research Question 2, 
we  conducted  multinomial  logistic  regression  analyses 
with and without school  factors using white students as 
the  referent  category  to  compare  if  any  differences  ex-
isted between racial performance. We then calculated the 
Estimated Marginal Means of each sub- group of students 
(race  interactions  with  gender)  at  all  three  time  points. 
These  values  were  also  adjusted  for  the  percentage  of 
Free  and  Reduced  lunch  student  qualifiers  and  English 
language learners at the school- level. These group means 
report  adjusted  Mathematics  performance  values  while 
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accounting  for  differences  in  sample  sizes  (Bonferroni 
Correction)  to  illuminate  if  any  significant  differences 
exist  within  racial  groups  for  gender  and  compared  to 
white males.

We also provide effect sizes (Hedge's G) for significant 
differences among races and genders that persist through-
out the year to provide estimates of the magnitude of dis-
parities  to  further  bolster  our  claims.  These  effect  sizes 
gave a bias- corrected estimate accounting for differences 
in  variance  that  could  affect  our  claims.  These  specific 
comparative  analyses  using  white  males  as  the  referent 
category  were  done  to  examine  how  students  perform 
in  relation  to  what  scholars  denote  as  the  “normative 
center of  schools”  (Leonardo & Broderick, 2011), which 
includes curriculum standards and performance. This an-
alytic technique is further supported by the prominence in 
STEM education having much of the curriculum, pedago-
gies, and assessments historically and currently used that 
continue  to  support white male  students  to achieve and 
excel with little attention to marginalized student popula-
tions and their academic needs (cf. Garcia- Olp et al., 2019; 
Miles  et  al.,  2019;  Sengupta- Irving  &  Vossoughi,  2019; 
Visintainer, 2020).  Indeed, while  some may envision we 

are  succumbing  to  “gap- gazing,”  we  trouble  this  claim 
below.

3.2.1  |  Novelty of our analytic approach, and 
its limitations

Gutiérrez's (2008) encouraged the field of Mathematics 
Education  to  “decenter”  math  achievement  compari-
sons  across  racial  disparities  to  focus  instead  on  “ex-
cellence”  and  “gains”  within  historically  marginalized 
groups. We want  to emphasize  that our current analy-
sis  was  first  engaged  with  an  analysis  that  explored 
“growth”  in  relation  to  students'  unmet  socio- cultural 
support  needs  around  elementary  Mathematics  teach-
ing and learning. From that analysis, we found that all 
students  do  grow  significantly  in  their  Mathematics 
learning  across  the  NWEA  assessment  (Figure  1  and 
Table  2  showcase  this  growth  across  all  race  and  gen-
der scores). Additionally, we constructed trend lines of 
aggregate NWEA Mathematics growth across our racial 
groups  compared  to  white  students  in  CPS  from  our 
multinomial  regression  beta  estimates  and  found  that 

F I G U R E  1  Average Math performance of 2nd graders in Chicago among races and genders. Note: *Indicates (p < .05) from white male 
as reference category after Bonferroni correction; **Indicates (p < .01); ***(p < .001); +Indicates (p < .05) between genders within a racial 
category; ++Indicates (p < .01); +++(p < .001)
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Mathematics disparities from unmet support needs did 
not change throughout the year.

This  analysis  encouraged  us  to  engage  these  data 
more  and  think  about  what  students  within  a  broader 
lens  may  have  their  support  needs  met  in  relation  to 
this original comparison (i.e., moving beyond only com-
paring race, or gender, in math achievement, which we 
argue is needed). Because we could not find any race by 
gender disaggregated estimates, nor regression stratifica-
tions that explore elementary Mathematics performance 
at different achievement levels, this led us to explore the 
race  by  gender  interactions  from  our  multinomial  re-
gression, as well as conduct a Median Split, which, then, 
showcased the emergence of students who started below 
the  Median  having  mostly  insignificant  differences  to 
white  males,  and  no  gender  parity,  while  those  start-
ing above the Median had many significant differences. 
Through this we purpose our work beyond “gap- gazing" 
given that our approach was to emphasize nuanced esti-
mations not yet conducted.

We  also  wanted  to  emphasize  the  importance  of  ar-
ticulating  the  difference  between  our  approach  and  one 
that could be defined intersectionally. Namely, Kimberlé 
Crenshaw's  notion  of  intersectionality  during  her  key-
note at the Southbank Centre in 2016 described how in-
tersectionality  is  “less  about  overlapping  identities,  and 
not primarily about identity.” Instead, Crenshaw explains, 
intersectionality  is  concerned  with  the  “structures  that 
make some identities the consequence of and vehicle for 
vulnerability,” and contends that if we are to disrupt dis-
crimination and violence head- on, we must engage with 
the contexts that have led to “the exclusion of some peo-
ple but not others” (Crenshaw, 2016). Intersectionality is 
inappropriate  for our study,  then, as we do not have the 
rich  and  thick  data  sources  to  think  about  the  counter- 
storytelling/disruption central to investigating representa-
tional, political, and structural injustice.

In a similar vein, we also did not analyze student- aligned 
data to shed light on patterns across time where these his-
torically marginalized groups could be disaggregated fur-
ther beyond gender and their Median Split categorization. 
In sum, given that we did not take up intersectionality as 
the driving force for our research purpose, design of our 
methodology, and analytic schema, our  inclusion of  this 
term would invariably fall under the category of superfi-
cial use. To reiterate, we align with intersectional scholars 
when they describe the appropriate use of this term: “[An 
intersectional research inquiry is not defined primarily by 
using] the term “intersectionality,” nor its being situated 
in a familiar genealogy, nor its drawing on lists of standard 
citations. Rather, what makes an analysis intersectional … 
[is] thinking about the problem with sameness and differ-
ence and its relation to power” (Cho et al., 2013, p.795).

Given  that  our  particular  approach  (race  by  gender, 
and  then  by  Median  Split)  has  not  yet  been  conducted 
and  published  in  relation  to  Mathematics  performance 
for elementary students, we believed that such an analysis 
would help those who continue to speak with and through 
“achievement gap” and “gap- gazing” language to become 
more sensitive to the ways in which they could disaggre-
gate  both  race  by  gender,  and  then  include  a  regression 
stratification of estimated marginal means to think more 
complexly about within- group variance, and nuanced gra-
dients of performance, which is one of the central argu-
ments made by Gutiérrez (2008).

4   |   FINDINGS

4.1  |  Standards connections: Research 
Question 1

One  of  the  main  goals  of  this  work  was  to  understand 
opportunities  in  the  Chicago's  K- 2  Mathematics  stand-
ards to integrate spatial reasoning. We examined the K- 2 
Mathematics standards commonly used by district teach-
ers (The Common Core Math Standards) for such oppor-
tunities.  We  used  two  categories  to  evaluate  the  extent 
to  which  spatial  reasoning  was  already  present  in  these 
standards and would be good candidates for the integra-
tion of spatial skills: Strong and Weak. Strong recognizes 
prior work in the research that indicates spatial reasoning 
is  key  to  that  Math  topic.  Weak  means  that  there  is  no 
evidence from the literature that spatial reasoning would 
have  an  impact  when  integrated  within  this  particular 
content of Mathematics.  In Table 1 below, we show the 
findings from that analysis with shaded rows representing 
areas  where  we  recommend  infusing  spatial  reasoning; 
and unshaded not recommended. Two topics among the 
Common Core State Standards in Math rose prominently 
as high  impact components  that would benefit  from the 
integration of spatial reasoning: Measurement and Data; 
and Geometry. These findings, then, informed our analy-
sis of MAP Math Achievement among 2nd grade students 
in Chicago.

4.2  |  Overall results of math 
achievement analyses: Research Question 2

To explore if any differences in Mathematics performance 
exist  among  2nd  graders,  we  conducted  a  Multinomial 
Logistic  Regression  and  then  calculated  adjusted  means 
for racial and gender comparisons. We sought to test if 2nd 
grade  Math  performance  on  the  Measures  of  Academic 
Progress (MAP) significantly differed overall and among 
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students  after  accounting  for  different  school  character-
istics  (i.e.,  percentage  of  students  that  receive  free  and 
reduced lunch [FRL]; percentage of students that are la-
beled as English Language Learners [ELLs]). These find-
ings  around  early  Math  learning  represent  a  sharpened 
set of analyses that can be leveraged to specifically target 
students who are differentially performing in elementary 
Mathematics and then test novel spatial thinking impact 
programs  to ameliorate any academic achievement gaps 
by  design.  Overall,  our  analyses  suggest  that  racial  and 
gender  disparities  exist  as  early  as  the  beginning  of  2nd 
grade, and persist; additionally, students that start above 
the Median in 2nd grade exhibit these disparities dispro-
portionately.  These  findings  suggest  a  nuanced  picture 
not yet explored by the field.

4.3  |  Finding 1: At second grade, 
racial disparities exist in math 
performance, and persist

Our  first  analysis  examined  the  aggregate  MAP  scores 
across  all  four  Mathematics  topics.  In  Tables  2  and  3 
below,  we  provide  our  descriptive  population  statistics 
and  likelihood  ratio  tests  from  the  Multinomial  Logistic 
Regression  analyses.  These  results  reveal  differences  in 
MAP  math  performance  that  can  be  predicted  by  stu-
dents'  race  and  that  these  differences  not  only  exist  at 
the beginning of grade 2 but persist throughout the year. 
The  gender  variable  in  this  model  indicates  that  there 
were  no  significant  differences  between  the  proportion 
of males and females for white students compared to any 
other racial group at each time point. Additionally, when 

including  school- factors,  these  disparities  still  exist  and 
persist,  which  provides  further  empirical  support  that 
each racial group is not being served equitably, no matter 
the school they attend. Figure 1 provides a graphical rep-
resentation  of  these  estimated  means.  Racial  groups  are 
greyscale coordinated across white, Black, Hispanic, and 
Other  racial  categories,  with  female  groups  within  each 
race outlined in white denoting their means in comparison 
to their male counterparts. All significant comparisons are 
to white male students, as our multinomial regression re-
sults suggest white students outperform Black, Hispanic, 
and Other groups, and research has shown that males are 
often  predicted  to  perform  better  on  various  math  tasks 
than  their  female  counterparts  (Carmichael  et  al.,  2014; 
Lowrie & Diezmann, 2011).

Unpacking  an  example  of  these  results,  in  the  Fall, 
Black  and  Hispanic  racial  groups  (across  both  genders) 
showcase  significantly  less  access  to  academic  sup-
ports  that  could  respond  to  their  socio- cultural  learning 
needs than their white male counterparts on this overall 
MAP  assessment  (denoted  by  three  asterisks;  p  <  .001). 
Additionally, Black female students, while still not being 
served appropriately compared to their white male coun-
terparts, had significantly higher likelihood to have their 
academic  support  needs  met  as  female  students  than 
their Black male counterparts (denoted by three vertically 
aligned  plus  signs  [+++];  p  <  .001).  Conversely,  Asian 
students  (both  male  and  female)  have  benefited  most 
from the type of Mathematics curriculum and instruction 
provided by Chicago Public Schools exhibited by signifi-
cantly higher performance than white males. This pattern 
of disparity is sustained across the school year, with an ad-
ditional disparity emerging between white male students 

Common Core Math 
content focus

Grade level of 
curriculum

Percentage of curriculum with 
opportunities for spatial reasoning 
integration

Algebra K 80%

1st 25%

2nd 25%

Base 10 K 0%

1st 50%

2nd 11%

Measurement and data K 100%

1st 100%

2nd 100%

Geometry K 100%

1st 100%

2nd 100%

We show the findings from that analysis with shaded rows representing areas where we recommend 
infusing spatial reasoning; and unshaded not recommended.

T A B L E  1   Common Core State 
Standards in Mathematics: Opportunities 
for spatial integrations
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and  those  students  in  the  “Other”  racial  groups  (e.g., 
Native  Hawaiian;  Native  American;  Multi- racial;  and 
Pacific Islander).

By  Spring,  the  gender  disparity  between  male  and 
female  Black  students  is  no  longer  significant,  but 
Hispanic, white, and Asian female students emerge not 
having  their  academic  support  needs  met  on  this  MAP 
assessment in terms of elementary Mathematics instruc-
tion  in Chicago.  In sum, Figure 1  indicates  that  the ra-
cial disparities in MAP Mathematics scores exist even as 
students  come  into  2nd  grade  and  that  gender  dispari-
ties  emerge  by  the  end  of  2nd  grade. Taken  further,  in 
Figure 2 we graphically represent  the bias- corrected ef-
fect sizes between all racial comparisons to white males. 
These effect sizes, rather than merely describing signif-
icant differences, provide a measure of  impact between 
our comparison group (white males) that is also adjusted 

based on differences  in variances  that may exist due  to 
sample size differences.

What  Figure  2  illuminates  is  similar  to  the  narrative 
above: These race and gender disparities do not just sustain 
at the same level of difference, they get worse. We again 
see  the  emergence  of  Other  students  also  being  unsup-
ported academically across 2nd grade. Across these time 
points, though, the disparities in MAP math performance 
between Asian and white students are less prevalent, and 
in the case of white females there is no effect by the end of 
the year. This suggests that the curriculum and pedagogies 
employed in Chicago public schools serve white and Asian 
students most and may not be well- designed to ameliorate 
racial disparities at this level. And, to reiterate, these mean 
scores for all groups are adjusted such that the percentage 
of students who qualify for Free and Reduced Lunch and 
who  are  labeled  as  English- language  Learners  are  equal 

T A B L E  2   Descriptive statistics and likelihood ratio tests from multinomial logistic regression models

Population samples (N) Time 1 Time 2 Time 3

Total 14,772 [174.1 (14.6)] 21,360 [181.3 (13.9)] 24,216 [190.8 (14.0)]

Asian 683 [185.3 (16.0)] 950 [193.3 (14.4)] 1414 [199.6 (14.2)]

Black 6274 [170.4 (13.7)] 8102 [177.6 (13.6)] 8438 [187.2 (14.2)]

Hispanic 5607 [173.6 (13.2)] 8513 [180.5 (12.3)] 9978 [189.7 (12.5)]

Other 533 [178.8 (15.1)] 1254 [183.4 (13.2)] 1338 [192.3 (14.0)]

White 1675 [183.7 (14.2)] 2541 [190.4 (13.0)] 3048 [199.8 (12.6)]

Female 7321 [174.4 (13.8)] 10,538 [181.3 (13.1)] 11,970 [190.5 (13.4)]

Male 7451 [173.9 (15.4)] 10,822 [181.4 (14.6)] 12,246 [191.2 (14.6)]

Asian males 378 [186.5 (16.5)] 497 [194.7 (15.3)] 734 [201.1 (14.9)]

Asian females 305 [183.8 (15.2)] 453 [191.9 (13.1)] 680 [197.9 (13.2)]

Black males 3140 [169.5 (14.2)] 4049 [176.9 (14.0)] 4221 [186.8 (14.6)]

Black females 3134 [171.3 (13.2)] 4053 [178.3 (13.2)] 4217 [187.6 (13.8)]

Hispanic males 2798 [173.6 (13.8)] 4301 [180.6 (12.9)] 5026 [190.2 (13.0)]

Hispanic females 2809 [173.7 (12.6)] 4212 [180.4 (11.5)] 4952 [189.2 (12.0)]

Other males 274 [178.0 (16.6)] 643 [184.4 (13.9)] 685 [193.0 (14.5)]

Other females 259 [179.7 (13.3)] 611 [183.2 (12.4)] 653 [191.7 (13.3)]

White males 861 [184.0 (14.8)] 1332 [191.0 (13.6)] 1580 [200.6 (12.8)]

White females 814 [183.5 (13.5)] 1209 [189.8 (12.4)] 1468 [199.0 (12.3)]

Time 1 (no 
school)

Time 1 (with 
school)

Time 2 (no 
school)

Time 2 (with 
school)

Time 3 (no 
school)

Time 3 (with 
school)

R- squared

Nagelkerke (McFadden) 0.119 (0.047) 0.653 (0.367) 0.129 (0.049) 0.679 (0.382) 0.112 (0.042) 0.633 (0.336)

Independent variables Likelihood ratio tests: Chi- square test estimates

Gender 7.082 4.494 2.437 2.242 0.433 0.582

Math score 1702.7*** 464.1*** 2715.0*** 718.9*** 2664.0*** 830.5***

FRL % at school —  3122.2*** —  5611.5*** —  5989.2***

ELL % at school —  9203.1*** —  13,965.1*** —  13,853.4***

Note: Notation: Sample size [mean (std. dev.)].
***p < .001.
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across  all  groups,  which  suggests  that  even  if  these  stu-
dents attended schools with similar socio- economic status 
and  language  fluency  make- up,  we  would  likely  predict 
that these patterns of student disparity would still emerge 
and persist at this grade level.

4.4  |  Finding 2: MAP math 
comparisons of below the median starting 
2nd graders

Our  second  and  third  more  detailed  analyses  sought  to 
compare  both  differences  in  racial  categories  and  gen-
ders  for  the  MAP  math  assessment,  because  we  had 
found  that  racial  disparity  not  only  exists  at  2nd  grade 
math performance but persists across the grade level (see 
above). Given that we identified two out of the four goals 
within  the  MAP  math  assessment  that  would  be  viable 
candidates  to  integrate  a  spatial  reasoning  intervention 
(see section above), we explored if any difference existed 
among  these  two  goals:  (c)  Measurement  and  Data  and 
(d) Geometry. These Estimated Marginal Means provided 
scores of each of these sub- group interactions among race 
and gender (e.g., white males compared to Black females; 

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's modeling. We addition-
ally  disaggregated  race  by  gender  student  groups  across 
their  starting  achievement  level  for  Fall  at  the  median, 
adjusting that median value based on white male growth 
patterns.  Again,  this  referent  of  white  males  allows  for 
discussions to be had about the persistence of curriculum 
and  instruction  in  public  schooling  to  center  their  aca-
demic support needs most.

For  Finding  2,  we  explored  below  the  median  2nd 
graders  at  each  time  point  and  calculated  any  signifi-
cant effect sizes that are also corrected for bias based on 
differences  in  standard  deviations  between  groups.  In 
Figure 3, each race  is represented by the same greyscale 
used in Figures 1 and 2; female genders within each race 
are outlined in white directly to the right of males. At the 
base of a particular column there is a white number (i.e., 
the  bias- corrected  effect  size)  if  that  particular  student 
group  is  significantly  different  than  white  males  at  that 
time  point  (e.g.,  for  time  point  2  [Winter],  Black  males 
Mathematics academic support needs were less supported 
than their white male counterparts, and the magnitude of 

F I G U R E  2  Hedge's g bias- corrected effect sizes of average Math performance of 2nd graders. Note: *Indicates small effect sizes 
(0.2 > g < 0.49); **Moderate effect sizes (0.5 > g < 0.79)
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that difference is 0.21). Also, 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 did not have their sup-
port needs met compared to their female counterparts, at 
a small effect size).

What  we  find  for  below  the  median  student  differ-
ences  for  Goal  C  (Measurement  &  Data)  in  Figure  3  is 
that as we move from Fall (where there are no differences 
in whose support needs are met between race by gender 
categories  and  their  white  male  counterparts)  to  Spring 
(where there are multiple groups of students who are not 
having their socio- cultural support needs met when com-
pared to white males). In sum, Black students (male and 
female), as well as Hispanic males, were not being served 
well when compared to their white male counterparts— 
although,  no  other  races  exhibit  this  MAP  Math  perfor-
mance  disparity.  And  while  we  see  gender  differences 
within the Other racial category in Fall and Winter, this is 
not present by Spring, alluding to male Other students be-
coming more supported in their academic support needs 
in Chicago Public Schools compared to their female Other 
counterparts.

Below  in  Figure  4,  we  also  see  no  significant  gender 
differences  among  any  race  at  any  time  point  for  Goal 
D  (Geometry);  moreover,  the  only  race  not  having  their 
academic support needs met other than white males are 
Black males, and Black females emerge as not being sup-
ported by the Spring time point. This, combined with our 

Finding  1  analyzing  racial  disparities  aggregated  across 
genders, suggests that while Black males may start more 
likely  to  score  lower  on  the  MAP  math  assessment  in 
2nd grade, Black females by Spring are also predicted to 
additionally not have  their assets valued  in  terms of  the 
2nd  grade  Mathematics  instruction  when  compared  to 
their white male counterparts. In sum, between Figures 3 
and 4, our Finding 2 suggests  that students  that may be 
characterized as below the median exhibit the prominent 
achievement  gap  and  racial  disparity  that  was  found  in 
Finding 1 only for Black students and emerge by the end 
of 2nd grade among Hispanic male students  for Goal C. 
This analysis,  thus, sheds  light on the reality  that differ-
ent stratifications of achievement across race and gender 
should examine how to approach these students' nuanced 
support needs. These analyses also suggest that while we 
might perceive below the median students as the source 
of  where  programs  around  spatial  reasoning  would  be 
most impactful to ameliorate racial and gender disparities 
related to achievement gaps, that assumption is not sup-
ported by these data.

4.5  |  Finding 3: MAP math 
comparisons of above the median starting 
2nd graders

As  stated  above,  our  second  and  third  findings  repre-
sent  analyses  of  above  and  below  the  median  students 

F I G U R E  3  Below the median student differences for Goal C (NWEA Goal 3: Numbers and measurement)
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categorized by  the Fall median across  the entire data  set 
and then adjusting that median value relative to the growth 
of white males in the data set. Utilizing the same notations 
as the above Figures 3 and 4, below we explore the above 
the median stratification of 2nd grade students across MAP 

math goals C and D— those goals we have identified as lev-
erage points where we can envision infusions of spatial rea-
soning programs to ameliorate the achievement gap. First, 
Figure  5  below  showcases  the  comparisons  among  races 
and genders for Goal C, while Figure 6 below showcases 

F I G U R E  5  Above the median student differences for Goal C (NWEA Goal 3: Numbers and measurement)

F I G U R E  4  Below the median student differences for Goal D (NWEA Goal 4: Geometry)
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these same comparisons for Goal D. Each of these Figures 
are  described  in  detail  for  their  important  highlights  re-
lated  to racial disparity, as well as any gender disparities 
that may exist within racial social categories of students.

In Figure 5, compared to Figures 3 and 4, we see a 
substantial difference in the prevalence of differential 
performance on the MAP Math assessment for Goal C 
(Measurement & Data), both around racial and gender 
disparities. To start, like Figures 3 and 4 in Finding 2, 
this profile analysis showcases how Black students of 
both  genders  are  consistently  not  supported  in  their 
Mathematics  learning  when  compared  to  their  white 
male counterparts. This is the same for Hispanic male 
and females, as well. However, while in Figures 3 and 4 
we found an increase of the effect size (i.e., the magni-
tude of difference between white males and the group 
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  in  support  from 0.31  to 0.29 
is  much  less  of  a  dampening  of  the  achievement  gap 
for  Goal  C  than  their  Black  female  counterparts  who 
show  a  substantial  decrease  in  this  support  need  gap 
from 0.41 to 0.29. It should be noted that for Hispanic 
males this academic support gap above the median ap-
pears to be widening from no difference in Fall to 0.22 
in the Spring, while Hispanic female academic support 
needs in Chicago remain consistently, albeit unwaver-
ing, lower than their white male counterparts (~0.32). 

This  teases  out  a  nuanced  picture  for  Mathematics 
disparity.

Pertinent to our goals in identifying where spatial inte-
grations could impact disparities, Figure 5 shows the most 
gender  disparities  within  racial  categories.  While  in  the 
Fall, only Other male and Asian males showcase greater 
support  compared  to  their  female  counterparts,  in  the 
Winter  time  point  we  see  an  emergence  of  lacking  sup-
port on Goal C in the MAP math assessment for Hispanic 
and white  females, as well. And while Hispanic  females 
within  the  Spring  time  point  do  not  exhibit  differential 
support  compared  to  their  Hispanic  male  counterparts, 
white  females  maintain  their  disparate  support  in  2nd 
grade Mathematics compared to their white male counter-
parts. Additionally, across all three time points females are 
predicted  to  not  have  their  socio- cultural  support  needs 
met across most races. These disparities among race and 
gender illuminate a starkly different picture than those in 
the below the median category we presented in Figure 3. 
In fact, in general, females in the below the median cate-
gorization for Goal C 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  im-
prove spatial reasoning among race and gender related to 
Goal C on  the MAP assessment, which aligns well with 
the  findings  from  Goal  D  among  this  above  the  median 
category, unpacked below.

F I G U R E  6  Above the median student differences for Goal D (NWEA Goal 4: Geometry)
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Figure 6 showcases similar racial disparities for Goal D 
as the below the median students we have showcased in 
Figure 4. Namely, Black males and females show persistent 
differential support needs (un)met for Goal D. Intriguingly, 
within the below the median stratification, Black male ef-
fect  sizes  in Figure 4  showcase an  increase  from 0.24  to 
0.34 across 2nd grade for Goal D, while Figure 6 showcas-
ing above the median stratification exhibits Black male ef-
fect sizes decreasing to the point of negligible effects, from 
0.33 to 0.19, when compared to their white male counter-
parts. Black females in the above the median stratification 
group showcased in Figure 6 showcase a similar decrease 
of disparity, from 0.27 to 0.22, alluding to Black students' 
support needs being met in relation to within- race support 
across gender for Goal D (Geometry), but only for above 
the median students. In turn, we also find that above the 
median Hispanic students in Figure 6 persist in Math dis-
parities across genders alluding to a relatively stable and 
unmediated unmet support needs when compared to their 
white  male  counterparts  (0.22– 0.26,  as  a  range),  which 
seems  to  be  the  same  case  for  above  the  median  Asian 
male students (0.34– 0.35).

However,  no  gender  differences  in  MAP  math  per-
formance  are  significant  other  than  Asian  males  having 
their  academic  and  socio- cultural  support  needs  met 
better  than  their  female counterparts.  It  also  seems  that 
the same general trend found in Goal C when comparing 
above and below the median stratified gender disparities 
(albeit  more  subtle  in  Goal  D),  is  also  found  in  Goal  D; 
specifically, below the median females tend to have their 
support  needs  met  better  than  their  male  counterparts 
while above the median females exhibit less support than 
their  male  counterparts.  Taken  together  these  Figures 
showcase significant and substantial trends in MAP Math 
performance across Goals C and D— those Goals we have 
identified as pertinent leverage points for spatial reason-
ing  program  inclusions— that  can  provide  insight  into 
ways to design more equitable learning opportunities for 
all  learners  across  race,  gender,  achievement,  and  their 
overlapping  nexus.  Through  this  analytic  technique,  we 
contribute to the field's approaches among disparity anal-
yses  to  illuminate  nuanced  approaches  to  race,  gender, 
and achievement Mathematics analyses, and in particular 
pointing to the need for stratified explorations of who is 
having  their  socio- cultural  and  academic  support  needs 
met in Chicago Public Schools.

5   |   DISCUSSION

In this research we (1) make the case for integrating spa-
tial reasoning into existing elementary Mathematics cur-
riculum  areas  to  improve  all  students'  performance  and 

inevitably ameliorate disparities by design that emerge as 
a function of unmet socio- cultural and academic supports; 
(2)  provide  alignments  between  these  spatial  reasoning 
integrations  that  could  be  specifically  designed  to  im-
prove the Common Core State Standards that are widely 
used; (3) analyze the third largest urban school district in 
the US  in  terms of 2nd grade Mathematics performance 
across  race;  and  (4)  sharpen  the  approach  to  analyzing 
race and gender  interactions  that exist among  the racial 
disparities we found in relation to different achievement 
levels of students. Our work aligns with previous research 
reports that consistently find Mathematics disparities that 
emerge in elementary grades (Ottmar et al., 2013; Pianta 
et al., 2008), and contributes  to work  that provides  sup-
port  for  specific  programs  to  ameliorate  such  racial  and 
gender disparities (Brand et al., 2006; Ford, 1994; Nicol & 
Crespo, 2005; Sparks & Pole, 2019).

Our greatest contribution to the field of urban elemen-
tary Mathematics is our analyses that illuminated where 
disparities do and do not exist. We predicted that if racial 
and gender disparities existed, we would see these differ-
ences at all Math achievement levels, but this was not the 
case.  Namely,  we  expected  all  students  who  were  above 
the  median  when  they  started  2nd  grade  may  (a)  be  on 
par with  their white male counterparts, or  (b) would be 
able to catch up due to their achievement starting point. 
Instead, Figures 3 and 4 suggest Black and Hispanic males 
and Black females below and above the median are those 
student  groups  that  are  not  having  their  socio- cultural 
support  needs  met.  All  other  race  by  gender  interaction 
groups were not significantly different from white males, 
as  well  as  no  within- group  racial  differences  based  on 
gender  were  significant.  Conversely,  for  those  students 
that  started above  the median, both Black and Hispanic 
males  and  females  are  not  being  supported  when  com-
pared  to  white  males,  and  there  are  significant  gender 
differences within white and Asian student racial groups 
(see Figures 5 and 6). This calls into question how we con-
ceptualize who needs support, and what programs should 
be designed into any existing standards, curriculum, and 
pedagogy, as well as how we should think about analyzing 
Mathematics performance disparities.

One  such  example,  we  feel,  makes  a  strong  case  for 
our argument. In our analysis, it is evident that Black and 
Hispanic  male  students  are  not  being  served  appropri-
ately  in elementary Mathematics across all achievement 
levels,  and  that  Black  females  emerge  as  not  being  sup-
ported  for  their  socio- cultural  needs  in  Mathematics  by 
the  end  of  2nd  grade.  However,  students  starting  above 
the  median  showcase  significant  gender  disparity  that 
is not present for students that start second grade below 
the median. This means that if we want to approach ele-
mentary Mathematics  reform, we need  to support Black 
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and Hispanic males in ways that draw on their assets, and 
support  females  who  come  into  2nd  grade  proficient  in 
math.  Moreover,  we  need  to  draw  on  the  meta- analytic 
and impact studies we unpacked above to co- design these 
interventions with teachers (cf. Lowrie et al., 2017; Yang 
et  al.,  2020).  We  provide  some  suggestions  below  as  to 
how to integrate spatial reasoning among the CCSS with 
teachers.

5.1  |  Recommendations on spatial 
reasoning integration for the CCSS at 
K- 2 grades

We recommend focusing on two disciplinary Mathematics 
practices easily adopted in existing curriculum and peda-
gogy.  These  practices  were  chosen  given  that  they  both 
have a strong potential to impact students' spatial reason-
ing (see background) that are crucial for the two CCSS in 
Math around Goal C (Measurement & Data) and Goal D 
(Geometry): i.e., (a) Data Analysis and (b) Modeling. We 
recommend  integrating  the  following  types of  tasks  into 
data  analysis  and  modeling  instruction  among  the  pre-
vious  two  CCSS  in  Mathematics:  (a)  Creating  data  rep-
resentations  (e.g.,  maps,  diagrams,  and  graphs);  and  (b) 
Constructing  models  (e.g.,  physical  models,  explanatory 
models).  Research  suggests  that  repeated  practice  with 
such  tasks  can  improve  spatial  reasoning  and  impact 
Math performance (Uttal, 2000; Newcombe, 2010).

For data analysis tasks, students can create visual rep-
resentations of data they collect during student- centered 
learning activities. These activities can involve a variety of 
graphs and charts, such as bubble charts, topological and 
heat  maps,  and  frequency  graphs  of  count  data.  During 
these tasks, students should be asked to reason how ways 
of representing data are different and how these represen-
tations impact what they notice about the data. Students 
should also be supported to observe patterns in data. Two 
types of models  that we recommend focusing on during 
modeling tasks are explanatory models and physical mod-
els. To create explanatory models, students sketch the com-
ponents  of  a  phenomenon  or  concept  they  are  learning 
and use lines, arrows, and other shapes to illustrate their 
relationships. For example, students could draw explana-
tory models that illustrate how input values for a simple 
equation lead to predictable outputs. Students should also 
be asked to reason about the models they created, includ-
ing the choices they made in creating them, how the dif-
ferent parts of the process relate to one another, and how 
that process leads to the outcome. Students can also con-
struct and engage with a variety of physical models. For 
example, students can use blocks, clay, and other manip-
ulatives to create models of shapes and patterns. This can 

progress from simple shapes, like triangles and rectangles, 
to analyzing more complex Mathematical patterns,  such 
as symmetry. Students can also use folded paper or Lego 
blocks  to  create  more  complex  patterns.  Block  building 
tasks of these types have been shown to impact student's 
spatial reasoning skills (Casey et al., 2008).

Across  all  these  tasks,  students  are  engaged  in  not 
only  creating  graphs,  models,  and  representations  but 
also making sense of their patterns and relationships, as 
well as thinking about what and how they learned. When 
making  sense  of  data  representations,  students  should, 
additionally, 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 repre-
sentational choices and how and why the different parts 
of their model relate to one another. Spatial language and 
talk  that  describes  locations  and  relationships  in  space, 
and  gestures,  can  also  help  students  learn  to  think  spa-
tially (Sauter et al., 2012; Goldin- Meadow & Singer, 2003; 
Newcombe, 2010; Simms & Gentner, 2009). We also sug-
gest  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.  In  turn,  integrating  such  changes  to 
support spatial reasoning in elementary Mathematics also 
sheds  light on  the powerful  implications of our work  in 
relation to supporting all students' learning.

6   |   IMPLICATIONS

Across  our  analyses,  the  data  support  that  below  the 
median  students  do  not  widely  differ  across  2nd  grade 
in  Mathematics,  even  as  that  would  be  the  area  where 
many  would  expect  needed  programs  of  support.  In 
turn, we draw on work like Hill et al. (2008) who have 
pointed  out  that  programs  to  ameliorate  achievement 
gaps  in  math  showcase  differential  impacts  related  to 
how proximal the program is to the measurement vari-
able. In other words, the MAP math performance assess-
ment, while not specific to spatial reasoning, does allude 
to  an  alignment  between  the  affordances  that  spatial 
improvement can provide with population support. We 
argue  that  drawing  on  elementary  Math  spatial  ability 
programs  that  have  shown  significant  effect  sizes  such 
as  Lowrie  et  al.  (2017;  d  =  0.4)  who  have  successfully 
been  implemented  to  improve  such  spatial  reasoning 
is  crucial  for  equitable  future  endeavors  in  elementary 
Mathematics.  Moreover,  as  Rutherford  et  al.  (2014) 
report  in  their  disaggregated  program  for  elementary 
Mathematics spatial ability, there has been shown neg-
ligible  impacts  for  lower- level  Math  ability  students 
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but  small  effects  for  moderate  to  higher- level  students 
in  their  study  (d  =  0.16– 0.20).  Given  our  analysis  sug-
gests dampened racial and gender disparity at below the 
median levels,  this work refocuses our pursuits  toward 
equitable Math achievement  for all students specific  to 
designing explicitly to meet students' socio- cultural and 
academic support needs.

With  the onset and  integration of  the Common Core 
State Standards  in Chicago Public Schools and  through-
out the country, our work provides both a statistical view 
of  where  racial  and  gendered  disparities  in  elementary 
Mathematics may emerge and persist. However, we do not 
leave the argument there; instead, we draw from work on 
spatial reasoning to suggest specific areas within the CCSS 
to integrate a research- based approach to addressing and 
ameliorating the disparities we found among our student 
populations. We also challenge current work done around 
understanding the implementation of the Common Core 
States  Standards  in  Mathematics  among  elementary 
contexts  (i.e., Schweig et al., 2020)  in  that  the standards 
provide  no  guidance  on  the  need  for  spatial  reasoning 
and  that  this  type  of  integration  of  such  an  important 
Mathematics topic is not overlooked but, in fact, invisible 
(National Research Council, 2006).

The  implications  of  the  research  we  have  presented 
suggest that while there may be more systematic impacts 
due to the disproportionate number of students that qual-
ify for Free and Reduced Lunch at certain schools, these 
socio- economic impacts do not fully account for the vari-
ance in achievement among racial and gendered elemen-
tary  students.  Invariably,  we  align  with  broader  policy 
suggestions around the role of administration in the pro-
cess  of  ambitious  elementary  Mathematics  instruction, 
as  well,  in  that  the  guidance  for  teachers  to  engage  in 
curricular design and implementation must have produc-
tive and generative support from their principals (Rigby 
et al., 2021). Finally, through our statistical analyses and 
careful  coding  of  areas  in  the  CCSS  that  would  benefit 
from  the  rich  research- based  impacts  of  spatial  reason-
ing, we provide not just an argument of lack but, rather, 
also  hopeful  solutions  that  could  be  designed  toward 
equitable  Mathematics  for  all,  as  well  as  an  approach 
for  researchers  focused  on  disparity  in  Mathematics  to 
sharpen  their  focus  to  within- group  variability  in  rela-
tion to historically marginalized students' socio- cultural 
and academic support needs (Gutiérrez, 2008). Through 
this work our data suggest that while we must examine 
racism embodied by the normative center of schools, we 
must  also  attend  to  the  ways  female  students  support 
needs are met equitably.
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