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Designing Human-Centered Collaborative Systems for School Redistricting

Andreea Sistrunk

(ABSTRACT)

In a multitude of nations, the provision of education is predominantly facilitated through
public schooling systems. These systems are structured in accordance with school districts,
which are geographical territories where educational institutions share identical administrative
frameworks and frequently coincide with the confines of a city or county. To enhance the
operational efficiency of these schooling systems, the demarcations of public school attendance
zones undergo periodic modifications. This procedure, also known as school redistricting,

invariably engenders a myriad of tensions within the associated communities.

This dissertation addresses the potential and necessity to integrate geographically-enabled
crowd-sourced input into the redistricting process, and concurrently presents and evaluates
a feasible solution. The key contributions of this dissertation are: i) the definition of
the interdisciplinary sub-field at the nexus of HCI, CSCW, and education policy, ii) the

identification of redistricting requirements from participants proficient in traditional, face-to-



face deliberations, representing a diverse array of stakeholder groups, iii) the conception of
a self-serve interactive boundary optimization system, and iv) a comprehensive user study
conducted during a live public school rezoning deliberation utilizing the newly proposed
hybrid approach. The live study specifically elucidates the efficacy of key design choices and
the representation and rationalization of intricate user constraints in civic deliberations and

educational policy architecture.

My research looks into four primary areas of exploration: (i) the application of computer sci-
ence usability-design principles to augment and expedite the visual deconstruction of intricate
multi-domain data, thereby enhancing comprehension for novice users, (ii) the identification
of salient elements of experiential learning within the milieu of visual scaffolding, (iii) the
development of a preliminary platform designed to expand the capacity for crowd-sourcing
novice users in the act of reconciling geo-spatial constraints, and finally, (iv) the utilization
of Human-Computer Interaction (HCI) and data-driven analysis to discern, consolidate,
and inaugurate novel communication channels that foster the restoration of trust within

communities.

To do so, I analyzed the previous work that was done in the domain, proposed a new direction,
and created a web-application, called Redistrict. Redistrict is an on-line platform that
allows the user to generate and explore ‘what if’ scenarios, express opinions, and participate
asynchronously in proximity-based public school boundary deliberations. I first evaluated the
perceived value added by Redistrict through a user study with 12 participants experienced in
traditional in-person deliberations, representing multiple stakeholder groups. Subsequently,
I expanded the testing to an online rezoning. As a result of all interactions and the use
of the web application, the participants reported a better understanding of geographically
enabled projections, proposals from public officials, and increased consideration of how
difficult it is to balance multidisciplinary constraints. Here, I present the design possibilities

used and the effective online aid for the issue of public school rezoning deliberations and
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redistricting. This data-driven approach aids the school board and decision makers by offering
automated strategies, a straightforward, visual, and intuitive method to comprehend intricate
geographical limitations. The users demonstrated the ability to navigate the interface without

any previous training or explanation. In this work, I propose the following three new concepts:

(i) A new interdisciplinary subfield for Human Computing Interaction-Computer Supported
Cooperative Work that combines Computer Science, Geography, and Education Policy. We
explain and demonstrate how a single domain approach failed in supporting this field and
how complex geo-spatial problems require intensive technology to simultaneously balance all

education policy constraints.

(ii) A sophisticated deconstruction of intricate data sets is presented through this methodology.
It enables users to assimilate, comprehend, and formulate decisions predicated on the
information delineated on a geospatial representation, leveraging preexisting knowledge of
geographical proximity, and engaging in scenario analysis. Each iterative attempt facilitates
incremental understanding, epitomizing the concept of information scaffolding. The efficacy of
this process is demonstrated by its ability to foster independent thought and comprehension,
obviating the need for explicit instructions. This technique is henceforth referred to as 'visual

scaffolding’.

(iii) In our most recent investigation, we engage in an introspective analysis of the observed
input in civic decision making. We present the proposition of integrating digital civic
engagement with user geolocation data. We advocate for the balance of this input, as
certain geographical areas may be disproportionately represented in civic deliberations.
The introduction of a weighting mechanism could facilitate a deeper understanding of the
foundational premises on which civic decisions are based. We coin the term ‘digital geo-civics’

to characterize this pioneering approach.
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Designing Human Centered Collaborative Systems for School Redistricting

Andreea Sistrunk

(GENERAL AUDIENCE ABSTRACT)

Public deliberations are often the main ingredient in community decisions. However, tradi-
tional, time-constrained, in-person debates can become highly polarized, eroding trust in
authorities, and leaving the community divided. This is the case in redistricting deliberations
for the zoning of public schools. This dissertation provides ways to increase the cohesiveness
of a community through technology support that can help to clarify complex data and

multidisciplinary constraints.
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Chapter 1

Introduction

Educational institutions, undeniably, play a pivotal role in societal fabric (Mayer and Peterson,
1999), particularly considering that 85% of the global child population, which is close
to 800 million, accomplish primary education (UNICEF, 2022). Predominantly, these
institutions are sustained by public funding (Roser, 2021), forming the backbone of the public
education system. In a bid to optimize resource utilization, enhance learning outcomes, and
cultivate community bonds, public education systems conventionally allocate students to
their respective schools based on their age and geographical proximity to the institution.
With the surge in population, the student body often surpasses the capacity of the designated
school infrastructure, necessitating the construction of additional schools. This, in turn, may
lead to the periodic reassignment of students to di erent schools, potentially on a biennial

basis.

The process of recon guring educational district boundaries ideally constitutes a collective
endeavor, engaging a multitude of stakeholders, not limited to: parents, pupils, educators,
institutional administrators, logistics management, emergency services, and local civic leaders

(Richards et al., 2012; Deming, 2011). The alteration of school assignments represents a
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communal responsibility, frequently eliciting intricate communal reactions. The pursuit of
optimal resolutions represents a socio-technical conundrum, encapsulating numerous attributes
of what design theorists Horst Rittel and Melvin Webber have termed as 'wicked problems'
(Buchanan, 1992; Rittel and Webber, 1973). Analogous to numerous planning predicaments,
they are convoluted and encompass intricate matters involving a variety of stakeholders with

divergent objectives and a range of compromises.

Wicked problems are characterized by their ambiguity, singularity, and propensity to engender
disparate impacts. Their solutions are not dichotomous in nature, but rather exist on a

spectrum of e cacy, and can follow a multitude of potential trajectories.,

1.1 Research Questions and Outline

,This dissertation undertakes a comprehensive examination of various facets related to school
redistricting, encompassing the formal characterization of requirements, the exploration
of community viewpoints from a broad array of stakeholders, the conceptualization and
implementation of an interactive redistricting system, and empirical studies utilizing the
aforementioned system. The speci c research questions we seek to address are:

" RQ1. What should be considered when structuring experimental design for public

school deliberations?

A

RQ2. How can the entire community generate plans and manipulate complex multi-

domain data concomitantly?
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A

RQ3. What are the signi cant components of experimental learning that must be

considered for incorporation into supporting technology?

A

RQ4. How well does the deployed solution support online deliberations?

This dissertation brings my perspectives as a parent, teacher, and educator to bear on the
school redistricting problem.

The rst stage of my research began with participation in the rezoning processes of public
schools. In order to access complex data regarding rezoning deliberations, the university

signed nondisclosure agreements and collaborated with public school systems.

| started with hundreds of articles, a comprehensive survey of the literature of education
policy papers and computational methods for geographical clustering. | participated in live
rezoning e orts, conducted eld work, and many interviews between 2017-2022 with school
planners, educators, and community members. The key nding was the distrust in di erent
layers of the community that froze progress. A transparent software framework capable
of assimilation and presentation of all necessary data in a uni ed manner was a key need
identi ed. Current redistricting processes are highly dependent on printouts, posters, and
projectors. The debates were only held in person, in overcrowded cafeterias during school
nights, with planners, parents, and children coming from a long day at work or school and
heading back home, with less sleep, to another day at school or at work. Attending these
meetings would be even more di cult for single parents, those with a second job or shift job,
those going to school at night or traveling out of town. Things are even more cumbersome:
computing a best scenario for building utilization requires intricate calculations and in-depth
interdisciplinary knowledge. There are many concerns that must be mitigated. Planners
were required to carry all this work with them or using noneducation-speci ¢ GIS software.

We have witnessed the same struggle in many counties (regardless of the socio-economic
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composition or geographical location).

To address these needs, we built an online interfaéethrough participatory design and
conducted pilot tests. Subsequently, we deployed the interface in live rezoning processes
gathering qualitative and quantitative data, representative of the population within the
studied area. The technical algorithm was developed and published by our team Biswas
et al. [2019], yet statistical quantitative community testing was slow to follow. After a 5-year

e ort, it was clear that the unique underlying social challenges are worth mentioning. Despite
being able to de ne the technical speci cations andRQ1) and create a viable tool, able

to compute extensive troves of complex dataRQ2 ) and o ered at no charge to all public
schools around the university, school districts were reluctant to adopt or propose it during
their live rezoning. Even school systems that, during public meetings, shared the possibility of
making any changes from the traditional system, even improvements such as an transparent

online tool, received massive uproar from the community.

No matter how much more transparent the school districts were trying to be, there would
always be a group of vocal parents vehemently opposing the changes. At this point in time,
lab studies produced highly promising results, yet were unable to get a chance at fair testing

due to what was predicted to be a chronically eroded communal trust.

During documenting these experiences along the way, | continued to work with public school
o cials to improve, test, and optimize the interface while trying to capture a complete
rezoning process. Despite having a mature interface, the lack of mass adoption shifted our

focus on a participatory dilemma andRQ3 and RQ4 surfaced.

During the autumn of 2020, we conducted a comprehensive study involving 12 participants,
producing more than 14 hours of interview transcripts. These subjects had prior exposure

to the conventional public school rezoning in various roles (parents, broad community

Ihttps://redistrict.cs.vt.edu
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members, school board o cials, planners, educators, principals, facility sta ). The interviews
documented their initial interaction with the digital tool, encapsulating their initial reactions,
comprehension, the process of intuitively mastering an innovative tool, and their ability
to nalize a hypothetical rezoning decision within approximately one hour. The results
of this endeavor were predominantly positive, addressing extbfRQ1, RQ2, and extbfRQ3,
albeit revealing limitations that our team initially neglected. These included the pronounced
polarization of prior survey participation, increased participant cognizance of the con ned
operational space of school planning o cials due to extensive restrictions, and community
apprehensions regarding transparency (despite accusations towards planners for a lack of
transparency and malicious intent, a segment of the community simply desired their preferences
to prevail regardless of the cost). This contributed to addressing the initial research questions

to some extent via qualitative exploration.

In light of the advanced stage of our research, we were a orded the opportunity to evaluate,
enhance, and document the outcomes derived from a statistically robust user sample in
Northern Virginia, USA, during the autumn of 2022. The web-based platform facilitated
real-time public discourse over boundary delineations for in excess of 22,000 students, across
nine secondary and middle schools within a substantial national context. We posit that the
incorporation of technological advancements in this eld has demonstrated the potential to

e ect positive change for over 50 million children and their familial units.

1.2 Outline

The document is structured as follows:

Chapter 1. Introduction Here we introduce the motivation for the work, four research

guestions, explain what will be discussed in each chapter, and present a timeline for the
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completion of the work.

Chapter 2. Related Work  This chapter targets the research context and the preceding
scholarly contributions. The present study is at the con uence of geospatial data clustering
and educational policies and directives. This chapter is used to reveal the potential bene ts
o ered by computer science, which are currently underexploited in this environment. We
delineate the precise nexus of the domain to expand the research capability. The chronicle of
educational reforms, their necessity, outcomes, and documented impact on both students and
community welfare are expounded herein. The criteria and rationale for the evaluation of the
boundary in multiple jurisdictions throughout the country were scrutinized in conjunction with
the existing geospatial tools reported by planners. We underscore the distinct opportunity to

enhance and technologically augment this process.

Based on the research outlined above, we create a web platform and lab test it. Further,
we close non-disclosure agreements with public schools around the university to test and
further update the platform. Their input is being recorded and implemented. We further
recruit 12 people who at least one point in their life held positions as public school o -
cials/educators/school employees to test the interface. They are giving us unstructured
interviews that range between 30 minutes to 1.5 hours to document their impressions and

use the interface on the rst exposure.

Chapter 3. Progress or Necessity The data gathered in Chapter 3 is anonymized and the
participants' responses are extracted from the interview transcript. Using thematic analysis,
we identify the main feedback directions indicated by the users yet wrapped in their very
diverse approach. This work is currently under review for publication. This publication is
the rst work to describe the interface that was built and the speci ¢ areas, considerations,

and the room for improvement with further testing.

Chapter 4. Scaolding Here we further analyze the exact concepts and methods that
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enabled the users' success. We also conduct limited review interviews of the platform to better
understand the perception of the user and his ability to understand the data, constraints, and
make a decision while using the mobile interface. We received some neutral feedback from
live users about the inability to nd the platform's features, which often were hiding in plain
sight. These experiences prompted us to make usability changes in the interface to make
these options visible and further tested the interface. We tinker with various advantages /

disadvantages of the login.

Chapter 5. Live Study Details the ndings, data, results, and advances encountered during

a live rezoning. Over a three-month period, during the fall of 2022 we supported a very large
rezoning e ort of nine public schools in Virginia as the primary tool the debates relied on. In
this chapter, we detail the observations and how technology enabled a better user experience,
the ability to decompose complex data for novice user crowd sourcing. Further, we detail
the perceptions of planners, the impact on their own lives and work. We measure the users’,
variables of their behavior and aim to quantify the human generated results, such as haptic,
plans, comments, answers to surveys into measure-able resulfhapter 6. Conclusion

Describes the achievements and directions for future development.

1.2.1 Contributions

The objectives of my dissertation are threefold: 1. To o er research-based evidence hybrid
deliberations using the advancement of web-based platforms that facilitate community
comprehension of intricate, multi-domain data, 2. To achieve this without explicit directions,
we rely solely on human perceptions. This visual sca olding ampli es the preexisting
capabilities of crowdsourcing, and 3. To extend the limits of knowledge, transforming
digital civic deliberations into tangible decisions backed by geographical data: a concept

| term as 'digital geo-civics'. A paramount emphasis is placed on the necessity to imbue
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community deliberation with bespoke computational power, capable of deconstructing complex
information and presenting it in a manner that the wider community can comprehend
and connect with. As a result, my work amalgamates and pioneers new territory at the
con uence of several domains: geographic information systems, complex geographic shape
data, education policies, and computer science in the realms of user interface design, ethics,
and public deliberations. This research paves the way for a new era in both the allocation of

public school attendance zones and the crowd-sourcing of complex data.



Chapter 2

Background and Related Worka

RQ1. What should be considered when structuring experimental design for public school
deliberations?

In this chapter we assess the current state-of-the-art in public school rezoning and what
should be considered when structuring an experimental design for public school deliberations.
We look at school redistricting as a collaborative CSCW intersection bringing considerations
together from (1) educational policy (2) algorithmic methods and (3) spatial data (the
“science of where). First, we describe the traditional state of practice and factors considered
in education policy. Then we look at the geographical constraints and the currently used

technology to help interpret the data.

Starting with part 1.3 in the chapter, we investigate the single-domain and what would a
holistic approach would look like. In the remainder of the work, we de ne a space that could
emerge in possible technology-infused community deliberations in the process of redrawing
public school attendance zone boundaries. We describe how the use of interfaces can enable

stakeholders to understand school redistricting scenarios, help form and argue opinions,

21
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expand communication, build discussion threads, and improve community cohesiveness.

2.1 Background

2.1.1 Boundary Re-Assignment Framework

The scholarly literature on one of the largest public school systems in the world, the US, has
focused mostly on the impact of rezoning changes, and methodologies employed in the rezoning
processes, with the school as a focal part of community dynamics. The National Center
for Education Statistics (NCES) reports that a minimum of 20% of the survey respondents
(considered as a control sample of the population) have chosen to move homes due to school
assignment [NCES, 2019]. Many choose their residence based on school assignment, only to
learn as they move into their new home, that it is in the midst of re-assignment of school

boundaries.

2.1.2 Factors and Current Practices

Revisions to school boundaries typically enhance the e ciency of the entire district due to the
lowered costs of transportation and improved logistics. However, given di erences between
neighborhoods, considering only proximity may lead to more segregated schools (Fig. 2.1,
left). On the other hand, Fig. 2.1 (right) provides a better distribution of the population, but
might also yield an increase in cost and time for transportation to and from schools. Given
the fact that physical schools cannot be moved, considering other factors beside proximity can
increase the bene ts students receive when they attend school, such as learning in an inclusive,
diverse, well-rounded environment, representative of their entire community [Chang, 2018].

Therefore, a successful school district typically takes into consideration a variety of factors
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Figure 2.1: A ctional disposition of residence assignment within a public district with three
schools. Dierent house colors represent distinct combinations of social/economic/ethnic
variations. The lines between the houses represent attendance zone boundatieft: This
school assignment minimizes the distance to the school as well as the transportation costs
and time to and from schools.Right: An alternative school assignment considers other
factors in addition to proximity such as diversity, socioeconomic status, student ethnicity,
etc., aiming to provide a broader representation of the whole student population within
the district while maintaining contiguous attendance zones (i.e., does not generate islands)
[Biswas et al., 2020a]

when re-drawing school attendance zones. Example factors include contiguity, diversity, and
safety in attending schools (such as whether student "walkers' have to cross busy roadways).
Other key considerations could be the impact on property values, the perceived educational
gualities of various schools, the impact on segregation/desegregation, and physical safety.
Table 2.1 highlights the various factors that school planning o cials often consider and

present to the community in organized public discussion meetings.

A neighborhood's sociocultural and economic makeup can in uence the ability of its con-



Table 2.1: Factors considered in public school boundary re-assignment

Factors

Description

Geographic Divi-

The Tand divisions must be natural such as rivers, forests, Takes, etc. or man-made
such as roads, bridges, buildings, etc. Traversing them is often di cult.

sion
Political  Jurisdic-
tions

Generally follows the state rules and does not directly re ect the student’s achieve-
ment

Development

In boundary re-assignments the future approved land developments are considered.

Contiguous school
boundaries

[t is considered a very important criterion. E orts are continually made to not
create "islands" when parcels of land are being reassigned.

Current/Projected
School Capacity

Overcrowded schools are more likely to have larger class sizes to accommodate all
students. Smaller class sizes are associated with better results for students.

Cohorts/Split
Feeders

There is some evidence to suggest that split feeders may benet some students
by allowing them to establish new social networks. At the same time, for other
students, the disruption of their social networks can negatively impact their emotional
well-being.

E ective use of
new and existing
school facilities

Proximity

A primary consideration of rezoning is to promote an equitable distribution of
resources avoiding over- or under-utilization of facilities. A practical guideline often
followed is to ensure that schools are operating at 80{120% of their capacities. In
achieving this objective, school administrators also aim to minimize the long-term

#ﬁ%@éﬁ[gglbggu%%g}?edsué% ﬁ?tjaqﬁ}?%rgsﬁgned to keep students proximal to their assigned
schools. Proximity is typically measured by distance traveled using established modes
of transportation (e.g., bus, car). School districts also aim to encourage walking
as a primary means of transportation to promote healthier students, to sustain a
cleaner environment, and to reduce transportation costs. Proximity criteria also aim
to preserve adjacencies of neighborhoods and their contiguity.

Accessibility

Accessibility is related to proximity in that it aims to make reasonable e orts for
students in a SAZ to attend taking into consideration natural and man-made barriers
(e.g., major roads, geographic features). Accessibility also must take into account
students with special needs or other considerations.

Minimizing
the student
re-assignment

School rezoning often is designed to encourage the Tink between schools and their
underlying living communities by promoting the concept of community schools and
avoiding the splitting of communities between schools, whenever possible. Planning
o cials tend to avoid splitting the planning zones for this reason.

Preserving  and
supporting  the
demographic
distributions

Demographic characteristics of students and communities are typically considered
in school rezoning to ensure that schools re ect the demographic makeup of the
communities they are intended to serve. Other distributional characteristics involve
supporting students who subscribe to English as a second language (ESL) programs
and free/reduced meal programs. This criterion is extremely controversial, with
some citizens strongly in favor of it and others strongly opposed to it. Residential
segregation is the most important cause of school segregation, so having schools
resemble neighborhoods is not universally considered a desirable objective.

Stability

This criterion aims to create boundaries that promote Tong-term stability. During
school boundary process meetings, parents often raise past rezonings as a reason why

they do not want to move to a new school. Hence, planning o cials avoid moving
planning zones that have been reassigned in the recent past, e.g., in the past 3-4
ears.

Cluster alignment

¥he alignment of elementary, middle and high schools into cohesive operational
clusters (constituting a uni ed school feeder system) in which students remain with
their educational cohorts to the greatest extent possible is often a key objective.
This means that a middle school rezoning must take into account not just middle
school students, but also their mapping to elementary and high schools.

Student's The mental health of students may be a ected by boundary adjustments in cases
health/safety where there are disruptions to students' social connections.
Birth-to- The ratio helps planning departments predict growth or decrease in the future

Kindergarten

population of schools.

Achievement

Maximizing student achievement and the availability of needed resources is a focal

target.
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stituents to participate in community deliberations. Traditional deliberations are often held
on a set date, on a school night, and hosted in crowded facilities such as cafeterias. The timing
can be di cult for many parents of students. Even those who are able to attend the debates
nd themselves unable to voice their opinions in rooms full of community members, pushing
the physical capacity. All of these restrictions do not allow for di erent levels of understanding
or learning styles of the participants. The presentations are dense in information about data
and geo-spatial, education policy, and computational constraints that may alienate some
participants.

Public school o cials try to overcome deliberations challenges (Fig. 2.3, left; Traditional
Community Deliberation Model) by (1) promoting an exceptional and comprehensive founda-
tion for the information presented, (2) allowing boundary adjustments to be implemented
impartially and consistently for the benet of the entire community, and (3) promoting
boundary adjustments that support e cient school district operations. However, the limited
communication channels currently available to convey this information compromise the e ec-
tiveness of planning o cials. Often, planning departments have 2-3 planners that support
more than 100,000+ students in school districts [Statistics, 2017].

The organization of school districts has long been important in the way constituents interact
and engage with each other, as well as participate in local governance [Mann and Fowle,
1839]. Well-managed school districts with thriving schools enhance community well-being,
enjoy higher academic performance, and contribute to economic growth. Poorly run districts
decrease neighborhood cohesion, depreciate housing prices, promote segregation, and can
contribute to population decline in extreme cases. A review of the literature highlights the
importance of strong social and cultural connections in public schools that support successful
school districts [Linn and Welner, 2007], with respect to both academic performance and

student well-being.
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2.2 Related Work and Context

2.2.1 School Boundary Planning through a Geospatial Lens

The term \geospatial" refers to geographic space that includes location, distance and the
relative position of elements on the Earth's surface. The perception of geography brings a
powerful visual dimension to data in the form of maps that facilitate communication and

discourse among stakeholders.

When data are associated with geographic coordinates entities, the spatial perspective emerges
from mapping the location as well as other environmental aspects. These aspects can play a
role in social factors related to the performance of schools and students. To account for all
details simultaneously, an integrated framework for gathering, managing, and analyzing data
[Hogrebe et al., 2012] could be a viable solution. Further, researchers have suggested the need
for geographers' involvement and graphical analysis tools for enhancing education policies
[Lubienski and Lee, 2017]. The use of Geographical Information System (GIS) a rms the
value of traditional geographical frameworks applied to educational policy [Mann and Saultz,
2019].

GIS functionality brings deeper insights into large volumes of data with the ability to identify
patterns, relationships, and situations that would otherwise not be available in decision-
making. The operation of a school district generates a large amount of feature-rich geospatial
data which can be used by school planners and policymakers to study, analyze and propose
actions [Yoon and Lubienski, 2018al].

Advances in digital mapping enhance traditional geographical frameworks and have led to
the emergence of qualitative, quantitative, and mixed approaches in studying education
policy in a geospatial context. Among notable qualitative researchers, Yoon et al. [2018]

identi ed similarities in spatial ethnic and socioeconomic neighborhood homogeneity, yet
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Figure 2.2: Example of a map using visual cues for proximity, contiguity, compactness,

assignment and other data already available in public school systems. Each school's footprint
is colored in dark grey. The neighborhoods are delimited by dark red lines. Each area assigned
to a school is comprised by several neighborhoods and has a di erent color. Mid-left, grey-
hashed is represented a neighborhood that is in community deliberations for new assignment

from one school to another due to overcrowding
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highly segregated schools in terms of opportunities and achievement. Alternatively, broad
guantitative approaches like Richards [2014] give a nationwide perspective of the contiguity
of school boundaries in the US and discuss patterns of segregation. This approach enabled a
wide range of analysis and argumentation of geospatial perspectives, rooted in the science
of geography. Focused quantitative analyses like Hogrebe and Tate [2019] show correlations
between levels of segregation and isolation in metropolitan areas, for example, in a St. Louis,
Missouri school district, where the authors further connect these with student achievement.
A parallel study recommends policy and program revision given concrete data on \racial

disparities in health, educational, and economic outcomes" [Purnell et al., 2018].

2.2.2 School Boundary Planning through an Educational Policy

Lens

Education policy has a long history of advancing equity for all students and avoiding
gerrymandering in the process of neighborhood assignment. Gerrymanderinggtter known

in the redistricting of political representation districts, generally refers to the process of
(re)drawing district boundaries to confer an advantage on one group over another, generally
on the basis of political a liation (i.e., partisan gerrymandering), socio-economic status, or
unlawfully, on the basis of race or ethnicity (i.e., racial gerrymandering). Applied to the
realm of education, gerrymandering may be conceived of as evidence of a process by which
educational boundaries are altered to exclude certain students living relatively close to a school
in favor of other students living farther away. Gerrymandering of educational boundaries has
been blamed for altering students' access to educational opportunities [Richards and Stroub,

2015], leading to diminished equity and diversity. Educational research literature sometimes

1For visual cues on gerrymandering, refer tohttps://www.washingtonpost.com/news/wonk/wp/2015/
03/01/this-is-the-best-explanation-of-gerrymandering-you-will-ever-see/
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highlights particular circumstances of carefully chosen boundaries | with transparent and
supportive community deliberations | as means towards more diverse schools in the context
of segregated neighborhoods [Richards, 2014, Yoon and Lubienski, 2018b].

In the best interest of the community and school students, a school district's governing board
may consider a range of factors in redrawing the boundaries. We have presented some of the
prevalent ones in Table 2.1. It is impractical to optimize all factors simultaneously; a school
board typically aims to support a range of easily quanti able factors to the greatest extent
possible.

The mixed methods of GIS applied to educational policy bring to light an array of new
possibilities. A case is made for using traditional quantitative analysis as some aspects of
human geography can be overlooked. Additionally using heavily qualitative approaches might
not be transferable or have a limited holistic perspective. While emerging mixed methods of
research are noted [Taylor, 2018], such integrative research is not yet the benchmark and its
implementation shows a di erent level of understanding of the items at hand and subsequent

controversy [Yoon and Lubienski, 2018b].

Further on, the rise of critical geographical information systems (CGIS) added methods and
practice to the human geography interaction in the revolving controversy of boundary adjust-
ments, promising to constructively engage GIS science with computation sciences [O'Sullivan,
2006] and human sciences [Thatcher et al., 2016]. An intersection of all these research
disciplines allows for the potential of a broader and deeper understanding of implications
in education policy and its applicability in rezoning school districts, beyond the political
pedestal [Vidovich, 2007].

Researchers have advocated the use of mathematical programming and optimization models to
aid labor-intensive educational planning and decision-making for a long time [Lachene, 1969,

McNamara, 1971, Johnstone, 1974]. Despite these recommendations, literature shows only a
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handful of works delving into the quantitative aspect of the school rezoning problem [Franklin
and Koenigsberg, 1973, Schoep e and Church, 1991, Armstrong et al., 1993, Lemberg and
Church, 2000, Bulka et al., 2007, Bruno et al., 2014]. The slow adoption of these scienti c
models by educational administrators and planning specialists was often the result of the
unavailability of geospatial data, large-scale geospatial data processing techniques, or a
principled way to model the design constraints involved in the process, especially in the
context of school rezoning. Very recently, Biswas [2022] has leveraged the idea of semi-
supervised learning with geospatial data to develop techniques for user-guided adjustment of

school boundaries.

2.2.3 School Boundary Planning through a Computer Science Lens

Rich geospatial data and the presence of multiple constraints from education policy require
mathematical formulations that could be suitable for a crowdsourcing interface available for
community decision-making. In this context, computer science could be the ideal medium
between the applicability of mathematical formulations and usability to support and enrich the
users' experience. Here a \constrained clustering” algorithm [Basu et al., 2008] would enable
stakeholders to graphically modify the school boundaries in real-time. Basic distributions can
be aided by easy mathematical formulations on compactness, proximity, accessibility to schools
to preserve the mapping to neighborhood communities and prevent potentially-unnecessary
displacement of students. The cluster alignment criteria would be essential in accounting
for demographic data especially when establishing diversity. The projected use of current
and future school facilities can dimension the need for current and future physical facilities.
The geographic criteria such as proximity, accessibility, minimizing student re-assignment,

and cluster alignment can be readily computed using traditional shortest-path algorithms.
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Indices of cluster overlap can be made available as Iters. In education policy, this data is
already collected about each school. Leveraging school-owned information provides real-time

details about overcrowded or under-crowded areas.

Additionally, contiguity refers to whether the school attendance zone is comprised of one
continuous region, and compactness refers to the shape of that region. The literature on
compactness is vast [Niemi et al., 1990] and can be used to provide simple ranked measures
to understand how di erent rezoning plans operate without bogging users down with the
mathematical details of how these measures are computed. Figure 2.2 exempli es the visual
advantage of showing users maps of a school district that communicate more than just the
geography of the land. Here, a user could distinguish di erent attendance areas in di erent
colors. They can also visually distinguish each neighborhood, represented by a red line. More
data can be available when the user hovers over the map. This data could include the name
of the neighborhood, school, attending students, natural barriers, school capacity, etc. If this
attendance zone would be in a process of re-assignment/ should boundary change e ort, then
information about this change could be made available, such as the school a neighborhood is

proposed to be assigned from and to.

2.3 Research Approach

2.3.1 Limitations of a Single-domain Focus

Education research studies conducted in the aftermath of school redistricting e orts focused on
the process' controversy. For example, a 2016 study by Siegel-Hawley et al. [2017] concluded
that although the decision-making process was contentious and opaque, the community
response of stakeholders argues for supporting broad-based participation and alignment with

democratic objectives. An earlier study by Carey [2011] notes how school planning o cials
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make use of simplistic spreadsheet-based methodologies | which is still the status quo in
many school districts | and uses assumptions to predict the future budgetary, personnel,

and facilities planning of schools.

Education policy studies often fail to recognize how geography can be unforgiving. Controversy
pointed to gerrymandering overlooking the impact of creating adjacent neighborhoods, with
distinctly di erent race, ethnicity, or socioeconomic diversity, especially when situated in dense
and often more complex urban settings [Richards, 2014]. The geography of the neighborhood
is an important consideration for the ability to obtain diverse community involvement. Time
and resource constraints are more prevalent in diverse low-income neighborhoods, where
attending in-person deliberations is di cult. Using only in-person meetings limits social
and demographic inclusion. We have noticed that traditional research assumed current
practices of public school rezoning [National Research Council and Institute of Medicine,
2010, Ingraham, 2021] as an unchallenged constant in deliberations. Most often research in
the space is questioning the participants' or planning o cials' intentions. No current study
challenges the limited channels of communication or questions the lack of updates in the
use of technology. From a computer science lens, crowd-sourcing assumes user knowledge
as adequate. That is, current crowdsourcing as a voting activity does not typically aim
to increase the knowledge of the pooled population toward an optimal group decision. It

assumes prior knowledge, with the aim of inform or pooling rather than teaching it.

2.3.2 Human-Centered Field Work

To understand the state of practice, between 2017 and 2022, our team participated in 17
community deliberations in person available in counties close to our university campus, using
participant observation and ethnographic data collection methods. We summarize here our

observations and some related design implications:
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~ Given a choice, a parent would almost always create and vote for plans that move some
planning zone other than his/her own, even if the plan overcrowds their child(ren)'s
school. This reluctance often showed a lack of understanding and consideration of the

fact-driven data presented to them.

Parents' perspectives on rezoning were often subjective, leading them to make decisions
based on emotions rather than facts, which resulted in their support for certain plans.
Both parents and other stakeholders seemed to ignore some potential consequences
of their choices, which included the creation of suboptimal school attendance zones

(SAZs) that could lead to costly future rezoning processes for the school board.

Throughout the boundary process, there was a surge in stakeholder participation, with
many community members asking the same questions at the same time through various
means such as phone calls, emails, or face-to-face meetings. This caused chaos and
added a signi cant burden on school o cials toward the end of the process.

Design Implication: To avoid such a situation in the future, a system that can encourage

or even require stakeholders to express their opinions in a timely manner is needed. This
would allow the school district more time to consider di erent options. Another solution
could be the implementation of a system that enables the community to calculate and

visualize the long-term consequences of di erent dispositions.

A signi cant number of parents were unable to attend public hearings due to scheduling
con icts, which particularly a ected single-parent households, parents working multiple
shifts, or those who had children at home requiring special care.

Design Implication: Considering intellectual and developmental disabilities could con-
tribute to introducing an online interface could signi cantly improve the ability of
families needing additional accommodations to participate in the process, as it would

allow them to engage asynchronously. This would also bene t immigrant families whose
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language pro ciency often acts as a barrier in fast face-to-face exchanges.

~

The conventional process for proposing alternative plans involves parents lling out
forms and submitting them to planning o cials for review. In most cases, parents are

required to perform their own background research and long-term planning to e ectively

articulate their proposal. The process is highly procedural and primarily paper-based,
lacking dedicated technology to facilitate such a complex task. This results in a slow
turnaround time, creating additional work for facilities already resource-strapped and

the planning o ce.

Design Implication: To address these issues, a community crowd-sourcing platform
could be implemented. This platform would not only raise awareness of how the
proposed changes a ect the spatial con guration of SAZs, but also provide insight into

other quantitative and qualitative criteria.

2.4 Emergent Field: Computer Science + Geography

+ Educaton Policy

2.4.1 Trusting the People, Challenging the Framework

In light of the prevalent controversy found in both the literature review and eldwork, we
decided to take a di erent approach and assume that both the community and planners
had legitimate concerns. We also hypothesized that, with the use of appropriate technology,
participants would be able to better understand and articulate their points, leading to fewer
redundant questions for planners. We proposed an emerging eld that could draw from
the best practices of three domains and complement each other, potentially creating an

opportunity for cohesive community deliberations.
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2.4.2 Leveraging Visual Analytic Support to Understand Algorith-

mic Clustering

Sense-making of large datasets remains time-consuming and onerous for manual analysis,
and is increasingly entrusted to machine learning techniques for nding, clustering, and
summarizing data [Hossain et al., 2012]. Verbal or written explanations of these mathematical
formulations could be overwhelming. However, visual analytics can overcome some of these
drawbacks by leveraging the complementary strengths of human cognition and computation.
Human sensemaking abilities remain essential [Crouser and Chang, 2012a] and can add value
to dynamically generated \context slices"” that give participants just enough information to
complete a task and move an analysis forward. We adapt this approach from paid crowd-
sourcing markets to the context of school district planning, recognizing that like crowd
workers, busy parents and other stakeholders often have limited attention and time in which

to make a meaningful contribution. These \micro-activities" showed utility in urban design
challenges, but have not yet been adapted for the context of school rezoning. [Mahyar
et al., 2018a], and could further be expanded to complex spatial data. Here a "context slice"

involved in the "micro activity" could be de ned as a plan that needs improvement.

Sub-tasks and context slices could be indexed in the system so that participants can naturally
search for sub-tasks and solve them accordingly. Interaction data gathered in this process can
be compared across participants, neighborhood assignments, and seek to identify patterns in
the interactions [Rzeszotarski and Kittur, 2012]. These results, in turn, can be compared
against theories and ndings from prior work, e.g. components of the sense-making loop [Pirolli
and Card, 2005] and collaborative visual analytics [Heer and Agrawala, 2008]. Participant
suggestions regarding techniques to augment their sense-making e orts could be considered
alongside the performance-related ndings and existing technologies to straighten future

design considerations.
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2.4.3 Reducing the Learning Curve in Geographically-enabled

Crowdsourced Deliberations

While crowdsourcing practices provide an opportunity to qualitatively discern between
guantitative outputs, it often relies on consistency in participants' knowledge. Crowdsourcing
was successfully utilized in basic tasks such as image labeling, categorizing, and transcribing.
More recently, researchers have designed complex work ows and leveraged Al support to
enable crowdsourcing of complex sensemaking tasks. Some examples include (i) creating a
taxonomy of many diverse items [Chilton et al., 2013], (ii) performing a bottom-up analysis

of a large corpus of qualitative data [Ande et al., 2014], and (iii) making decisions about
placing a street intersection [Mahyar et al., 2018a].

Crowdsourcing progress could be seen in experimentation that allows all users to learn and
complete the crowdsourced objective simultaneously. While this idea can be easily applied to
a variety of domains, in the current context it can be achieved in the process of composing
di erent scenarios and relies on the user's persistent e orts to optimize a plan. The trial-and-
error experimentation would result in iterative learning [Callander, 2011, Sosna et al., 2010],
and the results of the e orts would add to the submitted plans or opinions on previously
submitted plans. Adapting techniques used for other genres of complex planning tasks (e.g.,
vacation itineraries [Zhang et al., 2012], conference session organizing [Kim et al., 2013]) to
the complex GIS data [Armstrong et al., 1993] can aid depth to the current practice, and

constitutes a distinct momentum for advancing crowdsourced decision-making.

2.4.4 Diversity and Privacy-Preserving ldenti ers

In the education policy domain, demographic and socio-economic identi ers are very important

to account for, but often di cult for planning o cials to maintain during traditional debates
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due to the possibility to reveil too much identi eble data. However, these issues can be
addressed in a platformized boundary debate using inclusion lters with user-submitted plans.
For example: (i) a user's info could be suppressed when a plan is displayed or when online
discussions are carried out about a plan, (ii) users could be directed to explore alternatives
when submitted plans overlap, and (iii) users could be encouraged to review alternative plans

aiming to optimize diversity when a change in boundaries is discussed.

Privacy preservation can be achieved through clustering based on predetermined criteria
constraints. The criteria would not even need to be manually implemented as many indices
already exist, e.g., Simpson's index [White, 1986] and Theil's entropy index [Theil and
Finizza, 1971]. Simpson's index may be interpreted as the probability that two students in a
given school belong to di erent racial/ethnic categories. Theil's index captures the racial /
ethnic segregation of a school district and is increasingly popular in the literature on various
measures Iceland and Weinberg [2002] owing to its exibility as a measure of multigroup or
dualgroup segregation and its ability to distinguish segregation from racial/ethnic composition.
Although exposure and isolation are often dependent on the demographic composition of
the neighborhoods, segregation in schools is usually correlated with the racial / ethnic
composition. Raw measures like exposure and isolation can be misleading when used in
a context without such context, but can produce valuable information when considered in

conjunction with Simpson's and Theil's indices.

2.4.5 Explainable Public School Rezoning Design

The experimental learning features of the proposed platform can reveal a true / false value
[Doan et al., 2003] of reason and develop mechanisms to identify succinct descriptions. Algo-
rithms for redescription mining may be especially appropriate here [Zaki and Ramakrishnan,
2005, Parida and Ramakrishnan, 2005, Ramakrishnan et al., 2004]. For instance, these
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algorithms are capable of providing system-generated explanations, such #an B is the
same as plan A except it optimizes for cluster alignment by re-organizing two planning zones.'
To promote transparency and enable stakeholders' understanding of the short and long-term
outcomes of their choices, a proposed boundary plan should be accompanied by narrative
summaries and their impact on present and future school capacity. The ability to try various
scenarios could enable users to both understand the constraints and become cognizant of the
consequences. This would be a key capability to help direct debate support from feelings to
facts.

2.4.6 Clustering with Constraints

The rst law of geography, Tobler's Law, is, "Everything is related to everything else, but
near things are more related than distant things.” Tobler's Law can be translated to computer
science algorithms as a set of objects in such a way that objects in the same group are more
similar to each other than to those in other groups [Jain et al., 1999]. In this way, we can
form clusters of similarity. Computational sciences are good at using clustering algorithms
to obtain solutions that satisfy all constraints. Moreover, research has demonstrated the
potential of clustering algorithms to perform well on geospatial polygons for rezoning problems
[Joshi et al., 2011, Miranda et al., 2017]. These methods, known as constrained clustering
algorithms [Basu et al., 2008, Dinler and Tural, 2016], have the potential to support the
user-guided adjustment of school boundaries for:

"~ size constraintsspecifying the capacity of schools [Zhu et al., 2010],

" contiguity constraints ensuring geographically continuous school boundaries [Drex| and
Haase, 1999], and

~ pairwise constraints supplied asmust-link/ cannot-link constraints for deciding whether
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to keep two geospatial units together/separate in a cluster.

However, school rezoning is a multi-faceted problem with diverse stakeholders and multiple
objectives. Our research suggests to avoid enforcing a composite objective function that
optimizes all criteria, but rather to make explicit considerations so the community can achieve
a shared understanding of the future directions and common objectives. This is because
algorithmic techniques described above will only be e ective if we can exibly leverage human

experience and judgment to propose rezoning alternatives.

2.5 New Opportunities and Future Work

Initially, our research focused on advancing algorithm development for school redistricting

[Biswas et al., 2019, 2020b, 2022, 2023] and piloting an integrated interface called Redistrict
[Sistrunk et al., 2022] to demonstrate proof-of-concept feasibility. As our work progressed,
we recognized the potential of integrating spatial analytic approaches with classical CSCW
methods. This intersection holds great promise, particularly when viewed as an emerging

domain that encompasses the following:

" Computer Science: algorithmic computation and the best practices of HCI and usability;
" Geography: spatial data and visual proximity, and,;
" Education Policy: constraints and considerations as previously presented.
We suggest conducting further testing of these concepts on the suggested platform and

algorithms to explore how they can extend the dynamics of community cooperative work

across various disciplines.
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Figure 2.3: Traditional vs Proposed interactions during public school boundary deliberations.

Synchronous and asynchronous crowd engagement through various mediums of communication

As applied to the problem of public school rezoning, this intersection of disciplines can help
us move from the traditional literature focusing on controversy [Carey, 2011], to listening to
the community. We propose that current distrust in public school deliberations Boughanem
[2021] are a manifestation of a lack of support, under-utilization of technology, and non-
standardization of objectives. In order to support stakeholder input and ensure factual

feedback at all levels, it is crucial to develop technologically viable, holistic solutions.

For instance, Figure 2.3 o ers a side-by-side comparison between the traditional commu-
nity deliberation model -that uses face-to-face, phone, and e-mail communications and a
proposed inclusion of more technology into community deliberations by additional means
of communication - computers and mobile phone with connectivity to a user interface. The
gure expands the Time/Space matrix traditionally used in CSCW [Johansen, 1988] to
include centralized and decentralized active discussions. The use of a visually-rich, interactive

platform exempli es how community debates can sustain stronger individual discussions
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by expanding the means of exchanging information and allowing for both face-to-face and
asynchronous collaboration. These tools also enable users to compute what-if scenarios and

learn about the consequences of di erent decisions.

When con icts arise, various approaches can be taken to address the problems Kriplean et al.
[2012b]. For instance, the interface design can adopt a preventative approach by agging
obvious inequities. In this context, participating users will be motivated to address the
de ciencies before the plan is made available to the broader community or before they submit
it. Supporting explainability, as mentioned earlier, can aid in this objective, as these plans
are likely to require similar explanations or justi cations. This approach also promotes
cohesiveness in individual discussions and reduces the number of simultaneous, identical

guestions from the community.

When it comes to rezoning processes, community deliberation is crucial, given the diverse
array of stakeholders involved. While hands-on workshops with collaboration tools have
proven e ective in supporting informed public engagement in other municipal planning

projects [Girling et al., 2017], such an approach has not yet been applied to the unique

challenges presented by school rezoning.

We envisioned that selecting and working around a common platform can serve public
deliberation fruitfully. This platform can serve as a hub for community discussion, allowing
stakeholders to share their ideas and perspectives in a transparent, collaborative environment.
Such a platform would enhance public participation in the rezoning process and ensure that
all stakeholders have access to the same information, enabling informed decision-making.
Moreover, platformization would foster a sense of ownership and accountability among
stakeholders, as it would enable them to visualize the impact of their requests on the broader
community. By promoting transparency and accountability, this approach would create a
sense of trust between the community and planning o cials, resulting in more constructive

and e ective deliberations.
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2.6 Discussion

The particular needs of diverse communities can reverberate through their ability to under-
stand and participate in communal work, such as the process of deciding the boundaries of
school zones. We argue that recent scholarship from a convergence of disciplines { computer
science, geography, and education policy { is ready to bridge the knowledge gap. Speci cally,
we envision a sociotechnical system that uses visual sca olding in the presentation of complex
geospatial data and provides undiscriminating access with asynchronous participation ability

aided by the prevalence of phones, laptops, and broadband access to the Internet.

Although the availability of technology and connectivity could have been the perfect add-on
support for traditional boundary deliberations prior to the Covid-19 pandemic era, it becomes
even more relevant given new social norms for public safety / physical distancing and a
broader understanding of remote collaboration. Generalized virtual deliberations would not
only support current norms for public health and safety, they would also increase accessibility
by allowing more time and exibility to parents to review and participate in the process.
Online public school deliberation e orts would be more conducive to family life and would
allow additional input from a segment of the population traditionally underrepresented due

to constraints caused by family needs, employment, and other restrictive situations.

The inaccessibility of the public school boundaries change process can be the start of a
learning process for all members of the community, supporting communal crowd-sourced
deliberations, and in turn engaging a more cohesive, broad, and informed decision-making
process. These advances are facilitated by mathematical models and algorithmic methods,
but their optimization for use in the community has historically been proven to be conducive

to human decisions and is best supported by cooperative work. Therefore, we propose the
intersection of a multi-domain CSCW emerging eld and see possible expansion of other

similar convergences as worthy areas of exploration.
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We further set to create a stand alone web application that would encompass above identi ed
need for technology. The application would aim to use best practices in web-design usability
along with incorporating modalities for the users to nd their way through complex data

without the need for explanations or tutorial. To do so, we utilize the knowledge we have about

the users, such as spatial awareness and experience in navigating their own neighborhoods.



Chapter 3

Redistrict Interface

RQ2. How can the entire community generate plans and manipulate multi-domain complex
data concomitantly?

In this chapter we introduce a web-application that we created based on the principles
mentioned above. It aims to unite the three domain knowledge discussed in the previous
chapter. We call the web-application, Redistrict. Redistrict, a fully integrated web interface,

showed a new platform for proximity-based public schools boundary deliberations. It has been
pilot-tested on one school system in the US and aims to shift, educate, and bring visibility
to policy and geographical constraints. It extends current deliberations' state of practice,

held in person or over video conference using static pdf/printed maps. We present here its

functionality, most important features, how they aim to support the current rezoning process.

This research draws knowledge from computer science, educational policy, social sciences, and
geographic information systems (GIS) to allow public school o cials, parents, and community
at large to compute \what-if " scenarios towards a better understanding, discovery learning,

and optimization when redesigning school attendance zones. We explore possible areas of
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improvement for the broader community to cast an informed, unique vote, while maintaining
privacy, supporting ingenuity, and transparency. This speculative research prototype creates
space to support a concrete path of much needed advancement in complex social deliberation
using interdisciplinary research.

3.1 Public School Rezoning the in United States of

America

Public schools are the main educational system in the

US, with an enrollment of over 90% of school-aged

children to account for 55.3 million students as of 2006,

56.2 million in 2017, and projected to be 58.2 million

in 2027, as per the National Center for Education

Statistics . Given this steady increase, public school

districts are engaged in a revolving decision-making

process to best allocate limited building space for

a growing student population. Because in the US,

residences are paired up to neighborhood schools based

on a complex proximity/cluster assignment, school

attendance plays a deciding role when choosing a homeigure 3.1: GIS visualisation of a
in many families. Figure 3.1 shows GIS visualizationschool district
corresponding to a school district in Virginia. In
proximity-based assignments, each neighborhood is

designated to attend a speci ¢ elementary, middle, and high school. Population uctuations

Ihttps://nces.ed.gov/fastfacts/display.asp?id=84
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require change in neighborhood assignments from one school to another over the years, in
an attempt to optimize building capacity, neighborhood composition, and accessibility, and
so on. This re-assignment of neighborhoods from one school attendance area to another is
decided through public hearings, where community participation is sought. These public
school boundary deliberations are traditionally held in person and often controversial [Kelly,
2019].

To prepare for traditional deliberations, before COVID-19 pandemic, public school o cials
(often a handful of people from the school planning department) produced printed maps
and presentations aiming to illustrate land computation, geographical constraints, and
educational policy directives. School o cials made suggestions to move school boundaries
based on complex and customized constraints discernment using advanced GIS software and
best-practices-education policies for equitable distribution of students. However, each of these
tools used independently requires the aggregation to be computed manually. Additionally,
often changes in the school board's leadership shifts policy interpretation. This calls for
customized solutions to t each rezoning e ort, becoming a cyclic strain on the public school

o cials. More so, lack of standardization raises concerns of equity, making room for (intended

or un-intended) bias.

This setup is di cult for community members too. Some have multiple jobs and children of
various age groups in the public school, trying to participate in decisions over their children's
education can be a real time and organizational challenge. During 2017-2020 our researchers
witnessed evening gatherings in school cafeterias, pushing capacity limits. Some came, after
a full day at work, with small children-crying picked up from school, or daycare. All just to
participate in an 2.5 hour open discussion on school boundaries. These decisions dictated
if the children would have the same classmates next year or not, if they will need to go
to another school, if children travel sometimes over an hour to school, if they will study

in a trailer or a crowded classroom, and so on. In these meetings, parents lining up to
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speak, but only for 2-3 minutes due to time limitations. The public sessions were normally
information re-hoses and more often than not, the community was left more divided and
confused than when they came, easily envisioned in this setup. Especially in the state of
Virginia, some schools are rezoned every 2-3 years, meaning some children need to change
schools this often [Svrluga, 2013]. This reverberates in families core values, neighbors, and
home real estate value as some schools are perceived as better than others. Rightfully
so parents are frustrated, children feel displaced. It is a strain on the community's well
being, communication, and trust. If we factor the size of public school systems, needing to
accommodate 50+ million children and constant population growth, it is not surprising to
come across tensed neighborhoods, adversity, litigations, and newspaper articles siding with
one area or another [Kelly, 2019]. Traditional setup of public school boundary deliberation
was impossible during COVID-19 pandemic, and consequently many public school systems
suspended boundary decision-making sessions or moved to video conference for concerns
of participants' well-being and impossibility of public social distancing. While this allowed

to elevate the concerns on time commitment, the participants' understanding and input

remained highly limiting.

3.1.1 Human-Centered Design Approach

Our initiative sprang from participatory observation of more than ten public school boundary
rezoning e orts as parents, educators, and researchers. [Dantec and DiSalvo, 2013] Ad-
ditionally to the eld work, community-based research involved collaboration with school
planners, [Meng et al., 2019] educators, and subject matter experts to design, test, and
deploy a pilot software through an iterative improvement process [Mahyar et al., 2018b].
Initially the GIS shape les were imported to transform a static map in a-drag-and-drop

interface, allowing the user to change neighborhoods assignment from one school attendance
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zone to another [Yoon and Lubienski, 2018b] [Dow et al., 2018]. With each assignment the
planners wanted to see the impact on school capacity. A subsequent improvement was the
approximation of school population growth based on projected urban increase. Previously,
this computation was highly manual in the traditional boundary allocation methodology [Lu-
bienski and Lee, 2017]. A subsequent concern was raised about prioritization of community
feedback [Saxena and Guha, 2020] [Holten M ller et al., 2020].

During the public meetings, anyone can ex-
press opinions, and it becomes almost impos-
sible to discern between a ected residents'
and other community members una ected
by the school boundary change. To over-
come this limitation, the application landing
screen informs and authenticates the user.
The home address provided is used for atten-
dance validation and enforced by IP address
as shown in Figure 3.3a. As well, it casts
only one vote per residence. Once authenti-
cated, the user is shown a map of the IC)UinCFigure 3.2: The map of a public school district
school district reactive to hovering and clicks.

It informs the community of proposed boundary changes and allows the user to submit a

di erent con guration.

The tiles represent the smallest planning zone parcels. Their color visually refers to a certain
school, as each school attendance area has a di erent color as shown in Figure 3.2. This
color coordination was adopted from current state of practice, utilized in paper printed maps.
Each tile represents a neighborhood and are collectively called basic school planning areas

(SPAs). They remain indivisible during any rezoning. This is due to the need to keep small
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communities together. Solid colored tiles are not proposed to be moved. The hashed SPAs
are proposed to change planning zones. In the process of trying to nd a better than proposed
parcel allocation the user can review and understand the impact changes have on student

projection and building capacity.

When the user hovers their cursor over the SPA, it highlights and a text appears with more
details (School Name, Number of Students). Otherwise, the web interface hides details of the
parcels until the user hovers over - both to not deter attention or overwhelm with abundant
details. For the parcel reassignment, the user is shown an estimation of the school building
utilization for the current and the upcoming years. In the process of computing the \what if "
scenarios the users can possibly test and understand true physical building constraints and

very low margins for a \perfect" solution. A screenshot of the interface is shown in Figure 3.3b.

3.1.2 Interactive GIS and spatial optimization

Biswas [2022] developed a series of optimization algorithms to calculate the best distribution
of the parcels given many education policy and geographic constraints. It uses the geographic
shape les to identify the school planning areas (SPA) that contain the actual school buildings.
Adjacent SPAs are incorporated based on a shared boundary. This assignment continues
until every SPA is assigned to a base school. Traditional boundary allocation was highly
manual involving individual calculations for every SPA, our algorithm proposes a consistent

optimization across all schools in a standardized and automated manner.

We explain in section 3.1 below, the interface, considerations, and some its functionality.
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(a) Redistrict's Landing Screen. (b) Redistrict's proposed plan.

3.2 Redistrict: Designing a Self-Serve Interactive

Boundary Optimization System

The assignment of parcels of land a ects many communal activities, from voting to public
school assignments. This process creates unease and often has a strong impact on communities.
We propose Redistrict, an interactive web-based system designed to support redistricting
deliberations for public school zoning. Redistrict helps community members explore and

experiment with the possible consequences of various zoning scenarios.

Decisions about boundaries can have extraordinary impact on citizens a ected by them
Saporito and Van Riper [2016] and often create con icts and disputes at the highest levels
of government, whether county, city, state, or national Casas [2006]. Often the community

constituents rely on knowledgeable specialists to interpret the results of boundary changes
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because the data is too di cult for most to understand. Indeed, capturing, storing, curating,
and displaying geographical data is a complex and resource-intense task which has matured

into its own eld: Geographic Information Systems (GIS) Armstrong et al. [1993].

To make boundary changes more
accessible to the public without re-
quiring GIS expertise, we introduce
an interactive web-based system,
called Redistrict, designed to sup-
port redistricting deliberations for
public school re-zoning. Redistrict
can help bring transparency and en-
gagement into the cooperative work
of school attendance boundary as-
signments, where public school of-
cials and the community can take
part. This demonstration ts in the
DIS 2023 "Change Through Design"
theme.

Redistrict is an online tool for gath-

ering feedback for public school

boundary re-assignment e orts and Figure 3.4: User Consent and Login Landing Screen
has been supporting rezonings for

the last 6 years (including during

the COVID-19 pandemic). Redistrict could in uence how communities interact and sheds
light on the short- and long-term consequences of school rezoning Sistrunk et al. [2022]. This

point-and-click digital discovery activity allows the user to understand long-term implications
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of proposed zonings and to provide feedback in an easy, intuitive way. By providing the
opportunity for more people, individually or collectively, to look at the problem from di erent

points of view, Redistrict promotes transparency, shared understanding, and cooperation.
We designed Restrict to serve as a common information space to help cultivate trust and

enable communities to grow stronger, smarter, and more resilient.

3.2.1 Redistrict Facilitates School Rezoning

In areas that have strong public school systems with proximity-based attendance assignments,
parents seek housing in neighborhoods around high-quality schools Rothwell [2012], Taylor
[2018]. This demand often in uences neighborhood composition, growth, and house prices,
among other considerations Schwartz [2011]. New housing developments and population
increases generate a continuous need for more school space, which necessitates redrawing
school attendance zone boundaries. A typical process involves intense review and thorough
deliberations by school authorities and community members, traditionally with a projector

presentation and printed maps as handouts for participants.

Redistrict can perform GIS calculations involving the populations of the land parcels in play
to give users the ability to experiment and see immediate feedback about the potential conse-
guences of their experimentation. Community members gain transparency and understanding

through a self-driven virtual geographic exploration.

The usability concepts built into the interface leverage human visual and spatial awareness.
Redistrict fosters curiosity using a "what-if" point-and-click discovery approach at the user's
own pace. This approach not only allows users to understand what is proposed, but goes
one step further, enabling the user to experiment with the tool, either in collaboration with
school o cials or by themselves. This "try-and-see" visual sca olding of otherwise advanced

concepts is novel with respect to previous practices Heer and Agrawala [2008]. Enhancing
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and promoting active participation in Redistrict deliberations has the potential to uncover
new ideas that might have been previously overlooked. With the power of community, more

eyes and more brains can make sharper decisions.

3.2.2 Redistrict System Description

Redistrict is a web-based software application. Users rst navigate to the landing page where
they complete an IRB consent form and then sign up for a free account, including providing

their home address to personalize the experience (see Figure 3.4).

View Proposed Plans When a plan subjected to debate is uploaded in Redistrict, the
user has the option to actively discover what is proposed not only through reading and writing
text, but by a self-directed investigation of a map where every single parcel is visualized and

interactive (see Figure 3.5).

Figure 3.5 (top) displays two screenshots side-by-side. They represent the same view of the
map. When the user hovers the mouse over a parcel (planning zone), the right-hand panel
displays its current and proposed assignment for a middle school (MS) and a high school
(HS). Hovering also displays a hovercard with the parcel school assignment, and number of
students residing in this parcel, split by middlen and high school (see Figure 3.5, bottom).

The parcels are color coded so that parcels with the same color share the same school. We
can tell the user is focusing on &lue parcel as all the dots next to all schools are alddue
This color consistency bridges the information between the map and menu labels on the
right-hand side.

In this case, the user's declared location (home address), indicated by a dark-teal marker

near the bottom of the map, is outside the boundaries of the rezoning e ort.
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