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ABSTRACT

Assessing the impact of regional or statewide interventions in pri-

mary and secondary school (K-12) computer science (CS) education

is difficult for a variety of reasons. Qualitative survey data provide

only a limited view of impacts, but quantitative data can be notori-

ously difficult to acquire at scale from large numbers of classrooms,

schools, or local educational authorities. In this paper, we use sev-

eral publicly available data sources to glean insights into public high

school CS enrollments across an entire U.S. state. Course enroll-

ments with NCES course codes and local descriptors, school-level

demographic data, and school geographic attendance boundaries

can be combined to highlight where CS offerings persist and thrive,

howCS enrollments change over time, and the ultimate quantitative

impact of a statewide intervention. We propose a more appropriate

level of data aggregation for these types of quantitative studies than

has been undertaken in previous work while demonstrating the

importance of a contextual aggregation process. The results of our

disparate impact analysis for the first time quantify the impact of a

statewide Exploring Computer Science (ECS) program rollout on

economic groups across the region. Our blueprint for this analysis

can serve as a template to guide and assess large-scale K-12 CS

interventions wherever detailed project evaluation methods cannot

scale to encompass the entire study area, especially in cases where

attribute heterogeneity is a significant issue.
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1 INTRODUCTION

Much of the literature discussing computer science (CS) education

points to disparity in economic and demographic situations as a root

cause for the lack of access to computer science for nontraditional

students [1, 3, 5, 6, 10, 11, 13, 18, 20, 21, 29]. This research implies

(and sometimes explicitly states) that if students were given the op-

portunity to learn CS, the gap in gender and minority participation

would be lessened. Since economic and demographic factors are

inherently spatial in nature, this paper will focus on using elements

from the geography of educational opportunity framework.

The Geography of Opportunity framework is often referred to

in research focused on housing and residential mobility. It is meant

to refer to the ways that geography can influence an individual’s

opportunity, i.e., that an individual’s options are limited by the

social and economic conditions surrounding them [22]. The idea

behind this framework can be succinctly summarized with a quote

that Squires and Kubrin attribute to former Albuquerque mayor

David Rusk, łBad neighborhoods defeat good programsž [24].

This concept can be extended to the geography of educational

opportunity because there are constraints placed on educational op-

portunity by the educational infrastructure of the community [14].

In Hillman’s research on the geography of opportunity as it applies

to college choice, he explains how geography can affect educa-

tional opportunity by drawing a comparison to the concepts of

food deserts. Hillman uses the geography of opportunity frame-

work to explore the importance of place and how geography shapes

educational equity and opportunity [15]. Additionally, the geogra-

phy of opportunity is examined in [19] as it relates to outcomes

of No Child Left Behind testing requirements and segregation in

schools. Tate, et al. [25] reminds that certain interventions in STEM

education have been geospatially-minded in the past, especially in

urban contexts; Green [12] notes that łAccess to opportunities in the

United States (U.S.) is inequitable across geographic spacesž. Finally,

Soja [23] advocates for using a spatial perspective to help build an

understanding of the inequalities in communities so that action

can be taken; spatial thinking through a geographical perspective

can help to facilitate change. Where a student attends school has a

direct impact on their opportunity to access CS education. Their

geographic place can constrain or enable them more than other

factors such as an understanding of what a computer scientist does,

or seeing people in CS jobs that represent their gender, race, or

ethnicity. Use of this framework can add the context of where to a

discussion that is largely focused on the when and who. Instead of

asking how much did CS enrollment increase from one year to the

next, the question becomes where did CS enrollment increase. This

shift moves the analysis to a different level of granularity. When
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not concentrating on merely the net gain or loss over an entire

state, the focus can be on what the changes were for each school.

The primary questions in this study are:

(1) Does publicly available data give enough information to

track CS course enrollment over an entire state without the

need for costly and time-consuming surveys?

(2) Is it reasonable to represent high school CS course availabil-

ity at the state level or is a more granular representation

needed?

(3) Has the introduction of the ECS program had a disparate

impact on any economic groups in Wisconsin?

2 GEOGRAPHY IN CS EDUCATION

RESEARCH

Given the difficulty in collecting detailed data over a large area for

hundreds of schools, very few prior studies have even a small focus

on the underlying geography of their study area. The only recent

CS-centric study explicitly mentioning geography is a report from

South Carolina showing a statewide lack of geographical diversity

for where CS coursework is offered [3]. Based on survey responses

from 158 K-12 educators, they concluded that Title 1 schools (where

> 40% of the students qualify for free or reduced lunch) are less

likely to offer computing coursework.

A second research study [8] indirectly focused on geography

by using data from the Advanced Placement (AP) CS A exam in

a regression analysis to explore the demographics of test takers

across the U.S. In each state the relationships were explored between

wealth and exam-taking, and the number of exam-takers from

under-represented groups, with the goal of explaining variances

between states.

Both studies consider how economic status could relate to a

student’s opportunity to take computing courses in K-12. While

one uses statewide survey data for indication of CS availability with

school level economic information, the other uses national AP data

and state level economic factors. The current study differs from

previous work in the following ways:

(1) While still interested in where CS coursework is offered in

the state as in [3], this study uses public data collected from the

state Department of Public Instruction (łDPIž) instead of attempting

a statewide survey. Schools are required to self-report on many

dimensions annually, and course level enrollment data is one of

these dimensions. While there are always concerns for the validity

of self-reported data, this source provides complete data for all the

schools in our study area without putting any additional workload

on the schools. In addition to data being more complete and reliable

than what a large-scale survey would provide, this data is publicly

available in many states, making it quite attractive for this type of

analysis.

(2)The study in [8] investigates the relationship between wealth

and the number of students taking the AP CS A exam for U.S. states.

This paper follows the lead of [8] in examining the role that wealth

can play in computing education; however, using a framework of

geography of educational opportunity means considering the role

of geographical place within the study, this leads the authors to

disagree with [8] on three points: (a) Analysis method - A re-

gression analysis assumes that the data being analyzed is random.

This paper considers how CS course enrollment and availability is

not randomly distributed within a state and therefore violates that

assumption. (b) Level of aggregation - Aggregation to the state

level for median income as the wealth variable and exam takers

assumes that the nonaggregate data is distributed within the state

homogeneously. This paper argues that this type of data exhibits

heterogeneity and therefore should be studied at a finer level of

granularity. (c) Choice of explanatory variable - Using median

income as a measure of wealth in [8] (even if the study had been

at a more reasonable level of aggregation) assumes that the school

inherits its wealth attribute from the surrounding community. This

paper shows that while it is not a perfect proxy as an indication

of wealth, an individual school’s reported measure of economic

disadvantage can more accurately describe the economic circum-

stances of the students in attendance. Since the unit of study is the

school, this measure is within the proper context and not merely

a convenient choice. Moreover, in a context such as Wisconsin, in

which widespread school voucher programs allow many students

to attend a school in a dissimilar economic area, median income for

the surrounding community is less likely to align with the economic

composition of a given school’s student body.

3 THE ROLE OF PLACE

When considering why geographical place would have a role in the

analysis of CS education in public high schools, one should keep

in mind that the institution of interest in this work is the school.

In the U.S., many aspects of educational policy are determined not

at the national level, but at the state or school level. Schools play

a major, central role in everyday social geographies in general.

Collins and Coleman bring attention to the fact that łthey are one

of the few institutions that can be found in almost every urban and

suburban neighborhood, and with which almost every individual

has meaningful, sustained contact at one or more points in their

lives.ž [4] This paper focuses on Wisconsin public schools with

a high grade of 12. The study is limited to regular schools, and

does not include data related to charter, virtual, or private schools.

Also discluded are data related to informal CS education, such as

after school clubs or summer camps. The choice to limit the data in

this way follows [2], which states that the best chance to broaden

participation in computing is through formal education pathways;

going through the formal education pathway is the only route that

can ensure we are providing all students access to CS education.

This study uses student enrollment counts for each school at the

individual course level. The number of students in a school who

were enrolled in a CS course can be extracted using a combination

of NCES (National Center for Education Statistics) course codes,

local course codes, and course descriptions. Economic data used

in the study are aggregated at the school level. This initial study

uses the school reported measure of economic disadvantage as a

percentage of total students enrolled who are categorized as being

economically disadvantaged.

All of the data that are used in this study are publicly available.

We collected 6 years’ worth of data from the Wisconsin DPI re-

lated to course enrollments, school enrollments and demographics,

educator license status and employment, as well as shapefiles for

school attendance boundary zones. Within the course enrollment
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Table 1: Enrollment % in CS and ECS courses aggregated by school % of economic disadvantage, 2010-2016

% Economic

Disadvantage

School Year

2010-11 2011-12 2012-13 2013-14 2014-15 2015-16

0-25%

Schools 135 125 118 117 113 115

Total Enrolled 96,785 92,150 84,048 79,681 79,650 83,501

CS Enrolled (pct) 2045 (2.113%) 2150 (2.333%) 2255 (2.683%) 2427 (3.046%) 3213 (4.034%) 3341 (4.001%)

ECS Enrolled (pct) 0 (0) 0 (0) 0 (0) 57 (0.072%) 172 (0.216%) 246 (0.295%)

ECS pct of CS 0 0 0 2.349% 5.353% 7.363%

26-50%

Schools 225 234 236 239 245 242

Total Enrolled 128,260 125,971 130,302 131,865 130,245 127,852

CS Enrolled (pct) 1811 (1.412%) 1931 (1.533%) 1993 (1.530%) 2498 (1.894%) 2691 (2.066%) 3142 (2.458%)

ECS Enrolled (pct) 0 (0) 0 (0) 0 (0) 8 (0.006%) 88 (0.068%) 192 (0.15%)

ECS pct of CS 0 0 0 0.320% 3.270% 6.111%

51-75%

Schools 65 62 66 66 59 65

Total Enrolled 34,404 31,836 32,192 33,003 32,164 30,955

CS Enrolled (pct) 477 (1.386%) 311 (0.977%) 316 (0.982%) 436 (1.321%) 277 (0.861%) 400 (1.292%)

ECS Enrolled (pct) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0) 208 (0.672)

ECS pct of CS 0 0 0 0 0 52%

76-100%

Schools 10 14 15 13 18 13

Total Enrolled 7,355 12,129 11,608 10,507 12,691 10,177

CS Enrolled (pct) 57 (0.775%) 140 (1.154%) 54 (0.465%) 49 (0.466%) 408 (3.215%) 244 (2.398%)

ECS Enrolled (pct) 0 (0) 0 (0) 0 (0) 0 (0) 255 (2.009%) 45 (0.442%)

ECS pct of CS 0 0 0 0 62.5% 18.443%

attempt to assess the statewide impact of large scale deployment of

ECS. The first cohort of ECS teachers were deployed to Wisconsin

classrooms in the 2014-15 school year. In keeping with our interest

in the findings of [8], where wealth is shown to have an indirect

impact on the number of students taking the AP CS A exam, we

looked to see if there was a relationship between school level eco-

nomic disadvantage and CS course offerings. Instead of a linear

relationship, we found that the implementation of ECS in a school

disproportionately impacted schools with a higher percentage of

economically disadvantaged students.

Table 1 shows enrollment percentage in CS and ECS courses for

the 4 years before the first year of ECS in Wisconsin, and how those

percentages changedwith the first 2 years of implementation of ECS,

broken into 4 categories of economic disadvantage. It can clearly

be seen that the schools with a higher population of economically

disadvantaged students have had an increase in enrollment that is

significantly higher than the other economic groups.

Of particular interest is the difference between the schools in

the upper and lower ranges of economic disadvantage. In general,

we see a drop in CS enrollment, particularly for ECS, between the

2014-15 school year and the 2015-16 school year for the 76-100%

economically disadvantaged group. We also note that in the 0-25%

group there is little variation in CS enrollment from one year to

the next, and that ECS has had little impact on enrollment. This is

where our focus on place will allow us to more clearly identify the

mechanics of these general observations.

We observe that in the 76-100% group, at many schools prior to

the implementation of ECS, CS courses were not available. There-

fore, when ECS began to be offered, students were enrolled in the

course at the 9th-12th grade levels. After the initial year, overall

enrollment for the group would drop, because only the incoming

9th graders would not have had the previous opportunity to enroll.

As an example, North Division High School (76-100% economic

disadvantage), a Milwaukee Public School, enrolled 84 students in

ECS in 2014-15 with 27 of those being 12th graders, 27 11th, 19

10th and 11 9th. In fact, 84 students were their total enrollment in

any CS courses, since they did not offer any course that was not

ECS, and prior to 2014-15 did not offer any CS courses at all. In

2015-16 their enrollment in CS overall dropped to 52. However, the

20 students enrolled in ECS were from 9th and 10th grade, and the

other 32 10th-12th grade students were enrolled in an Introduction

to Programming course. We would expect that the 2016-17 data will

show this in the 51-75% range since the 2015-16 ECS enrollment

numbers are spread across the grades like the 76-100% group in

2014-15. Additionally, Whitefish Bay High School (0-25% economic

disadvantage), had offered CS courses prior to the Wisconsin ECS

initiative and, despite being one of the cohort schools, did not show

enrollment in ECS courses. However, they did show consistent

enrollment among all grades for 3 years in the CS Principals course.

6 CONCLUSION

The publicly available data that was used in this study provides

ample information to track CS course enrollment in the state of

Wisconsin. We are able to observe how enrollment changes within

economic groups as well as within individual schools, and can make

inferences about how these observations could be used to guide

interventions. However, additional evidence collected through tar-

geted interviews with individual educators would enable us to
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