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Public deliberations are often a staple ingredient in community decision-making. However, traditional, 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 public school zoning. Seeking alternative

ways of support, we evaluated the potential introduction of an online platform that combines multiple

streams of data, visualizes school attendance boundaries, and enables the manipulation of representations of

land parcels. To capture multiple stakeholders’ values about the potential to enhance public engagement in

school rezoning decision-making through an online platform, we conducted interviews with 12 participants

with previous experiences in traditional, in-person deliberations. Insights from the interviews highlight the

several roles an online platform could take, especially as it provides alternative means of participation (online,

synchronous, and asynchronous). Additionally, we discuss the potential for technology to increase the visibility

and participation of multiple community actors in public deliberations and present implications for the design

of future tools to support public decision-making.
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1 INTRODUCTION
Public school districts occupy a pivotal role in the way that national education systems function [7,

19, 43]. However, fluctuations in population cause a recurrent need for school districts to redraw

school attendance boundaries, especially in regions with high growth [72]. This is known as rezoning
and is accomplished through community-scale decision-making processes. These processes give

different stakeholders the opportunity for participation and aim to support more sustainable and
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holistic solutions [20]. Data-driven strategies based on accurate, current, and predicted data are

crucial for supporting these efforts. Maintaining good relationships with diverse stakeholders is

important [65] and necessary for success [54]. However, the datasets are often large, stored in

obscure file formats, or restricted from direct processing by public stakeholders due to privacy

(e.g. Family Educational Rights and Privacy Act (FERPA) [64]) or security (e.g. infrastructure)

concerns. Additionally, even when such data are collected and available, community members can

still struggle to piece it together [2] and fully understand it. Thus, interactions with complex data

from different domains (e.g. geography, education policy, information technology, etc.) bring a new

level of difficulty to the problem and require more advanced means and skills to manipulate and

make sense [26].

In this context, school district planners need to establish a shared understanding, often called

common ground [70]. They work earnestly to produce optimal documentation that communicates

the constraints under which the district must operate. This process often entails myrid conver-

sations among multiple stakeholders with, often, conflicting points of view [20]. Indeed, James

Bohman defines public deliberation as “a dialogic process of exchanging reasons for the purpose

of resolving problematic situations that cannot be settled without interpersonal coordination and

cooperation” [13]. However, community members might not feel comfortable or have the time

to attend and speak out in public deliberations. Agitated debates or disagreements can cause

anxiety [82]. When collaborative spaces are not adequately established, communication break-

downs occur, making public deliberations more challenging [33]. Thus, social tensions and issues

around trust are often manifested in public deliberations [33]. For example, community members

often express frustrations about the lack of transparency and limited visibility of public proposals,

highlighting the need to create meaningful and trustworthy spaces for collaboration [33].

In response to school planners’ lack of dedicated tools, we took a human-centered design approach

and created an online public school rezoning platform to address several design challenges we

identified in this context. Through an interview study with 12 different stakeholders, we captured

the perceived value of the platform and its potential to visualize boundaries. The platform builds

on previous research in text analysis scaffolding [3] and trial-and-error learning [84] using a novel

try-and-see visual scaffolding method to present geospatial data. This method considers multiple

constraints (e.g. complex policy, geographic and educational data, available facilities, etc.) and

makes use of visual representations that combine diverse background information [87]. Our findings

highlight several roles an online platform could have, such as the ability to create informed opinions,

visually validate participants’ points of view, and act as a common information space to store,

access, and exchange comparative scenarios guided by real constraints. Based on our findings,

we discuss the potential for technology to increase the visibility of multiple community actors in

public deliberations.

2 RELATEDWORK
2.1 Civic Technologies: Challenges and Opportunities to Support Community

Deliberations
Supporting and improving public deliberations is a central endeavor in civic computing research [6].

Previous HCI and CSCW research has considered the ability of technology to support and increase

citizens’ participation in the provision of public services [14, 33, 56, 86]. Previous studies have

investigated how data [54] and collaborative spaces [33] can provide insights into multifaceted

problems, or how trust and distrust [28] can be mediated through community engagement [31].

Indeed, establishing trust between different stakeholders requires an active role in service plan-

ning [44] and delivery of civic engagement activities [49]. How to empower community members,
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support trust, and increase community engagement are significant challenges for HCI and CSCW

research [4, 33, 74], especially in the effort of involving low-resource communities and organisations

into the design of civic planning [28, 38]. In particular, a recent review highlights how previous

research "has mostly studied civic technologies that do not have a deliberative or binding out-

come" [74]. In highly deliberative processes, there is a need to further understand the trust-distrust

dichotomy [88] (e.g. building trust and responding to distrust [28]), elicit feedback from diverse

constituents [56, 61], and facilitate shared understanding and common ground to support and

strengthen civic engagement [74], especially in sensitive contexts [28, 60]. Burkhalter et al. [17]

explains how a shared language, understanding, and common ground are needed from the outset

(or even in anticipation of deliberation) to support community participation.

In addition, crowdsourcing mechanisms have been used to build trust and support community

understanding, without requiring large time commitments for simple tasks and micro-activities [61].

For example, these mechanisms have been used in complex sense-making problems by helping

to create a taxonomy of items [27] and supporting a bottom-up analysis of a large corpus of

qualitative data [3]. Considering that civic processes are prone to conflict due to the involvement

of multiple stakeholders that often have different perspectives, competing values, visions, and

motivations [8, 22], careful attention has been paid to supporting collaboration between community

members and authorities [35] in terms of information dissemination [40], presentation of constraints

[50], and ways to diversify community participation [75]. With the need for gathering contextual

knowledge about civic problems [8], community members can serve as important sources of local

knowledge which broaden, deepen, and even challenge common perceptions [58]. For example,

previous research employed algorithmic techniques to leverage human experience and judgment

towards better rezoning alternatives [30]. Indeed, leveraging human analytical strengths within

information visualization tools can amplify the cognitive abilities of community members to

understand complex datasets. Using their strengths in human cognition and computation [34]

supports reflection and discussion of otherwise latent issues.

2.2 Socio-Technical Challenges to Support the Advancement of Public School
Deliberation

Educational Challenges. Education is a prominent focus of state and local governments [80]. Best

practices may include allocating additional funds to low-income communities in an effort to ensure

impartial access to education for all children [71]. Fair access to resources is difficult to ensure due

to continual shifts in school populations, restrictive geography, neighborhood composition, limited

school space, shrinking public school budgets, troves of specialized data that require advanced

knowledge, and lack of policy consistency across years. Education policies aim for fairness [85]

and inclusivity through balanced and contiguous geographical student planning areas proximal to

schools for students to attend.

The Need for Geospatial Data. School space is limited and allocated to students living near [90] to

each school. Each neighborhood is considered an indivisible student planning area (SPA) or planning
unit. These SPAs are the smallest indivisible neighborhood parcels that traditionally have been

kept unified by planning officials. Their boundaries are often restricted by geographical constraints

such as highways, rivers, neighborhood contiguity, or for the sake of efficient resource allocation

(e.g., transportation). Subsequently, the SPAs geography seeks to keep together communities or

traditional neighborhoods. Decision-making about SPAs involves the processing of geospatial

data and often requires dedicated, proprietary software and advanced skills (e.g., information

technology, geospatial information systems (GIS), educational policy, etc.) in addition to specialized

domain knowledge since each SPA has specific and cultural student population characteristics (i.e.,

community, demographics, accessibility).
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Multi-Disciplinary Constraints. In the space we investigated, the Standard Attendance Zone Change

Process (see Figure 1) involves detailed planning and communication, with yearly reviews for

adjustments that reflect changes in costs, enrollment projections, school capacities, transportation,

and county population trends. These are communicated in the Public School Capital Planning and

Budgeting priorities document, usually a part of the long term Capital Improvement Program and

Capital Asset Preservation Program budget released by the superintendent. An Action of Changing

School Attendance often takes 1–2 years of thorough preparation prior to being presented to the

community as an Attendance Zone Change Process (Figure 1, left circle). The County Administrator

and Public School Planning Department review such Actions for inclusion in the county’s Proposed

Fiscal Plan. Yearly, the Board of Supervisors releases Capital Facility Planning Guidelines as a

long-range capital building program to support adequate public schools and facilities in the county

(Figure 1, middle circle, the focus of this study). Awareness of all these socio-technical considerations

adds the context of a massive net of interconnecting constraints that must be considered in every

public school rezoning effort.

Fig. 1. School Redistricting Mechanics: The County and Public School Officials work years in advance to
project long-term resource allocation. A Capital Improvement Plan is written and reviewed annually. It informs
many decisions about schools’ needs, including the possibility of initiating an attendance zone change process.

3 BACKGROUND: PUBLIC SCHOOL REZONING COLLABORATIVE SPACE IN THE US
Our work builds on prior HCI and CSCW research [33, 74] and contributes an example of under-

standing and designing collaborative spaces in public school planning. This work leverages “new

ways of supporting deliberation and decision-making in local planning” [54]. A schematic descrip-

tion of how the collaborative space of public school rezoning looks and its diverse actors is shown

in Figure 1. On the left are (a) the public school offices which are directly responsible for monitoring

this process. On the right hand side (c) is the community, which benefits from the change. In

the middle we illustrate (b) representatives of both groups (e.g., school planners, superintendent,

board members) that work together to facilitate the deliberation process. The Board Members are

elected representatives of the Community. They volunteer to serve in official capacity for a set

term and to conduct deliberations on planning and other similar sensitive matters concerning its

constituents. The School Planners are representatives from the Facilities Department, which is

both the initiator of the change and responsible for implementing the agreed-upon modifications

to school boundaries. The Superintendent’s Office oversees deliberations and can mitigate conflicts

at times.

Some of the authors were first exposed to this collaborative space as community members,

specifically as parents of young children attending public school in fast-growing part of the US.
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At that time, our own families were included in frequent school boundary changes, sometimes as

often as every other year. Our own experiences ignited the interest for research in this area [63].

Consequently, we formed a common interest team and attended in-person public school com-

munity meetings about boundary adjustments, aimed to decrease school overcrowding, between

2017–2019, in the surrounding counties. At these events, the public’s comments often oscillated

between questions about the use of factual data and expressions of emotional, concerned, or adverse

viewpoints. Regardless of the outcome, after every rezoning effort, a part of the community was

upset with the planning department and the changes in boundaries, often making the headlines of

local news [68, 69]. This situation seemed to erode trust in public officials and divide communities

in these counties. The public school rezoning efforts we witnessed were contentious in nature [69].

3.0.1 Current public school rezoning practices. As some of us are educators as well, we had a

secondary perspective. We could appreciate how planning departments were tirelessly trying to

meet the school district’s exponentially growing needs by juggling geographical constraints, limited

resources, and overcrowded schools. Due to budget limitations, planning departments are small

— sometimes teams of only two to four people — in school districts that can have, in some cases,

100,000 students, over 100 school facilities, and over 10,000 employees [37]. Although planning

officials often have advanced training in geographic information systems (GIS), in most cases

even the enterprise software they are using is not attuned to solving the complex problems of

education boundary assignment [21, 90]. The small planning team is tasked with identifying and

optimizing current resource allocations. Planners must analyze, inform, and organize meetings with

community members, prepare briefings to the school board, and produce several possible rezoning

scenarios, in which each land parcel in the affected area is accounted for. Frequently, public school

planning employees organized meetings to discuss rezoning scenarios that would help mitigate

school overcrowding [52]. External factors would often cause delays requiring information to be

re-communicated several times until a majority vote could be reached. Each time, new plans are

printed and communicated through multiple channels and adequate preparation time is necessary

to reach members of the community [67]. We observed how the continuous increase of the school

population was a growing concern for school planners because once a rezoning effort was finalized

in one part of the county, another area needed their attention.

3.0.2 Attending co-located meetings is challenging. For parents and students, participation in the

planning process can be an overwhelming challenge. Co-located planning meetings are often held

on a school night, in local school cafeterias since public schools do not often have rooms that are

large enough to host such gatherings [67]. These meetings often push the limits of the building’s

occupant capacity. Some families have children of all ages and, with working parents, it is difficult

at best to fit a three-hour school board deliberation meeting into a family’s schedule. Considering

the current demographics in the US, where single parents account for 23% of the population [23],

15% are shift-work employees [83], and 8% have multiple jobs to support their families [24], it is no

wonder that the constraints of family life impede participation in public school deliberations. Even

families that are not under the same constraints bring their children to long public deliberations to

learn, understand, and express their viewpoints. It is, therefore, not rare to hear children crying

during a spirited debate.

3.0.3 Current use of technology. The technology available during community meetings is, at

most, a projector with a slide presentation [36]. Student population forecasts and school capacity

calculations are displayed on the screen (Figure 2, left, 2017 picture from a traditional rezoning)

communicated verbally, posted on the school’s website as static files (Figure 3), or distributed on

sheets of paper (Figure 2, bottom-left, 2018 paper map from an actual rezoning).
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If more than one scenario is available, the map, supporting documents, and projection numbers

are printed in enough copies to allow review from the entire audience (at times 200–400 people).

Often, the audience asked about the impact of small changes to a current proposal. Yet, members

of the planning department do not have the technology and resources in the locations where

public meetings are held to compute the effects of such “what-if” scenarios on the fly during the

meeting [89]. We often witnessed planners recording comments to be followed up on later [14]. Yet,

the community, often immersed in technology and able to "Google" any question and get instant

responses, seemed to engender annoyance and growing distrust when faced with planners’ inability

to produce instant answers to questions they perceived as easy.

4 DESIGN PROBLEM: MULTIPLE CONSTRAINTS AND PROJECTIONS IN THE
REZONING PROCESS

After observing the traditional rezoning process, we researched ways to enable more productive

and inclusive discussions. We seek to investigate the design problem: how hands-on testing of

scenarios, given multiple constraints and projections of school overcrowding, can raise civic under-

standing of the problem and support the rezoning process towards a more cohesive deliberation

process and broader stakeholder participation.

To achieve this objective, we undertook a human-centered design approach [15, 66], in collabo-

ration with a head planner and two education policy professors with expertise in traditional school

rezoning, to explore the potential role of technology in helping address rezoning challenges. Our

interdisciplinary team brought together expertise in advanced geographical data science, education

policy, constraint optimization, and human-computer interaction to provide essential feedback

and knowledge to the human-centred design process. Exploring the design space across multiple

domains [79] helped crystallize the idea of the design and development of an online platform

that helps visualize and test scenarios with multiple constraints and projections. Between August

Fig. 2. Development timeline of Redistrict. Online support to unify maps, projections, and community
feedback. User are able to construct their own “what-if” scenarios for possible school boundary changes.

2017 and January 2021 (Figure 2) our interdisciplinary team iterated on the design of our platform,

Redistrict. During this process we held discussions with seven public school systems in Mid-Atlantic

USA, signed non-disclosure agreements with two of them (The public county schools our team
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was in communication with include: Loudoun County Public School, Prince William County Public

School, Arlington County Public School, and Fairfax County Public School in Virginia, U.S.; and

Washington, D.C. Public School, U.S.). The team further evaluated policies from numerous other

jurisdictions around the country. Based on the identified socio-technical challenges in school re-

zoning (see above), we set out to address the following design challenges: a) integration of multiple

sources of information and visualization of constraints, b) difficulties understanding diverse sources

of zoning information including how these are presented to the user, c) lack of readily available

projections of student population, d) lack of mechanisms to explore school assignments and what-if

scenarios.

Our collaborators gave feedback on early versions of the platform. about both the interface and

functionality for computers and mobile devices. The focus of our iterative design work was on

exploring potential use cases, initial concerns regarding user perception, identifying limitations,

and uncovering socio-technical practices [39]. We aimed to provide a visualization platform with

fast computation that could help balance possible constraints (Figure 2, 2019–2020). As soon as

Redistrict was functional, we presented the interface to the community in public deliberation

meetings. It was offered free of cost and was intended to test virtual interaction as adjacent means

of participation to traditional rezoning.

Hoping for broad user feedback from constituents and policymakers, we stood up Redistrict

in support of several active rezoning efforts. But, due to several factors, including lack of official

support from school boards (despite support from planning departments), we met with mixed

success and less than ideal participation levels. As a stepping stone towards broader constituent

participation, we invited stakeholders to assess the interface during a time without active rezonings.

This step eventually resulted in this current user study wherein the participants are represented in

Figure 1 (middle, “Decisions are made”). The ways in which county officials and the community are

presented with information in traditional rezonings and on the Redistrict platform are illustrated

in Figures 3 and 4. In the first case, all materials are on paper and displayed as static screen images

in synchronous presentations. In Redistrict’s case, the map is dynamic, for use in synchronous

presentations and asynchronously on personal devices. Users can reconfigure SPAs via mouse

interaction and in cases where there are proposed changes to school assignment, SPAs are displayed

with hashed white diagonal lines. The student projections and SPA assignment tabs for any user-

created allocation are computed and displayed in real time.

4.1 High-Level Overview of the Platform’s Functionality
Here we present the overall functionality of the platform. Details of the system and geospatial

optimization algorithms based on it have been presented elsewhere [9–11, 76–78]. The current

paper focuses on how the users interact with the platform.

Redistrict is hosted on our university’s servers and seeks to address the aforementioned design

challenges through the use of interactive maps and participant feedback. It allows users to manipu-

late parcels of land and provides immediate calculations of future student population predictions

and facility utilization for each given plan configuration. The interface has four main functionalities:

a) the plan viewer, b) the plan editor, c) a survey page, and d) a list page for reviewing all submitted

plans. The initial design was inspired by printed documents produced by the Loudoun County

Planning Department for distribution at public planning meetings (Figure 3). The printed paper

map used color coordinated zones for each attendance area with the SPAs affected by a rezoning

process marked by a hash pattern. In addition to the map, printed tables display the number of

students attending each school involved in the school boundary zone change and projections for

those schools of student population growth over the next few years. The system uses geospatial

data to populate an interactive map and follows the same color convention: each school pyramid
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has a distinct color and proposed changes are hashed (see Figure 4). The interactive map displays

information about the number of students in each SPA and each school building’s capacity, uti-

lization, and projections. As users reassign SPAs, the interface provides a dynamic re-calculation

of school population projections and school capacity utilization across the affected regions. This

data-driven approach enables the users to experiment with their own “what-if” scenarios. The

interface uses try-and-see visual scaffolding to support hands-on learning through trial-and-error,

aiming to build healthy premises for cohesive communal collaboration [29, 54].

5 STUDY DESIGN
To further inform our design methodology , we conducted an exploratory qualitative study of

the Redistrict online platform’s utility using real geospatial data and current student projections.

However, in an attempt to avoid the emotional responses common in actual rezoning efforts, we did

not use an actual boundary scenario. Instead, we composed a plausible, yet hypothetical boundary

rezoning exercise. This hypothetical scenario allowed users to test the platform’s capabilities

and envision potential acceptability. In this manner, we sought to minimize, if not eliminate, the

undercurrents resulting from real boundary dispositions that we previously experienced while

attempting such testing during live rezoning efforts. Consequently, this study was performed during

a time with no active rezoning efforts in the school district. This district had nine School Board

Members, four planners, 96 principals, a few facility management personnel, and around 60 bus

drivers. Our pool of possible participants was relatively small for this endeavor, especially given

additional inclusion criteria: individuals who (a) performed a double function as both public school

officials and community members; (b) previously participated in traditional rezoning process in

one or more capacities (Figure 1); and (c) had never seen Redistrict.

5.1 Study Participants
Aligned with typical sample sizes for qualitative HCI research methods [18][81], we recruited 12

participants for our exploratory study. Eleven participants were from the same county, and the

twelfth participant was from an adjacent county. His input contributed towards an understanding

of whether prior familiarity of the geographic distribution of the county would make a difference

in the ability to understand the proposed changes. All participants had at some point lived in the

county and had experienced the rezoning process in some or multiple capacities (see Table 1) and

either have or have had children in the public school system. . The participants confirmed an ability

to use a computer and had internet access. Seven participants identified as women and five as men.

Eleven participants identified as white and one participant did not self-identify their race. Although

participants were not racially diverse, they were representative of the county’s employee base,

around 90% white [1]. The participants were recruited based on their availability for an online

interview and because they had never been exposed to the platform before. All participants were

allowed to withdraw from the study at any time without any consequence. Participant interest and

availability determined the interview time length ranging from 40 minutes to two hours.

5.2 Feasibility Evaluation Procedure
Each interview had two parts: a) a task-based, self-guided exploration of the platform ; and b) an

exit questionnaire. The interview protocols were reviewed and approved under a Memorandum

of Understanding and Non-Disclosure Agreement. Our university’s Institutional Review Board

(IRB) reviewed and approved the user study design. Consent and disclosure were obtained from all

participants before presenting them with a brief overview of our research and collaboration with

the public school districts. All participants were exposed to the same initial starting screen and had

no prior training with the platform.
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Fig. 3. Printed material from a traditional redistrict process. The top table shows student population projec-
tions. The bottom table displays a list of SPAs with their school assignment (e.g. Elementary, Middle, or High
School), the corresponding name/label of each SPA on the map, and the SPA assignment in four plans

The interviews were conducted as semi-structured Zoom video/audio interview interactions

over a period of approximately one week. Participants were informed that the study uses real

geographical data, but that the rezoning effort and associated proposal scenarios were hypothetical,

constructed specifically for the exploration and discussion of the platform in this study.

Participants were given short prompts and asked to “think-aloud” [41] while navigating and

using the platform. The participants chose for themselves how to approach each of the following

tasks: understand what the public officials are proposing, determine which schools are impacted,
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Fig. 4. Redistrict screenshots of four proposed plans. SPAs proposed to change have hashed lines over the
color of the proposed assignment. Hovering over SPAs displays their names and school assignments. Below
are tables with student projection and assignments. These update dynamically with any change to the map.

develop an opinion about the proposals, and communicate their thoughts. When the site was loaded,

the participants were first presented with the plan viewer interface (see Section 4.1), which displays

our hypothetical boundary rezoning exercise plan. After familiarizing themselves with the plan,

participants commented and most tried to propose changes.

Exit survey: After each participant spent as much time as desired manipulating the online

platform’s features (plan viewer, plan editor, survey interface, list of plans), we administered an
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exit survey intended to measure participants’ opinions in three areas: comprehension, experience,

and demographics. All participants correctly answered the comprehension questions (e.g., "How
many schools were involved in the rezoning process?"). The demographic responses provided the

information used to describe the participants (as presented in previous sections). All participants

chose to take the exit survey, even those few that had exceeded the agreed-upon time limit.

Data Analysis: Data collected through the interviews added up to approximately 15 hours of

recorded time. After cleaning and anonymizing, the resulting transcripts constituted the material

for analysis [73] following six-step thematic analysis, as described in Braun and Clarke [16]. This

was performed in a virtual collaborative environment (www.miro.com) by five members of the

research team. The analysis session ran for about two hours to develop the initial codes and themes.

Each interview was split into short snippets of text, then further analyzed and labelled. Most

interviews exceeded 100 virtual notes. Throughout the session, researchers took turns expressing

their thinking. To learn about participants’ perceptions, an inductive approach was followed to

allow the data to guide the themes [25]. The labels were deducted from the analyzed snippets of

text. The codes were largely consistent when labeled by different researchers despite a diverse

range of familiarity with the interviews and the content from researchers.

For each participant, a different color was assigned. Empty placeholders were created for codes.

As the team analyzed each interview, the notes were assigned to related buckets/codes. Each note

was labeled using the semantic meaning of the text, affording subsequent discovery of latent themes

if the text indicated an indirect correlation. In this manner, each text snippet was assigned to one

or more categories based on explicit or implicit meaning. Once the familiarization and coding of

our interviews was finalized, the themes were further reviewed for global meaning.

Table 1. Self-identified participants’ prior experience in traditional rezoning process

User Previous involvement in traditional rezoning - capacities:

𝑅1 Parent/non-parent, community member, planning official, school personnel

𝑅2 Parent/non-parent, community member, school official, principal

𝑅3 Parent, principal multiple school districts/states

𝑅4 Parent, advocate, community member, school personnel

𝑅5 Parent, community member, school official, principal

𝑅6 Parent/ non-parent, community member, school official, principal

𝑅7 Parent/ non-parent, community member, school official planning

𝑅8 Parent/non-parent, community member, transportation management

𝑅9 Parent/non-parent, community member, school transportation - bus driver

𝑅10 Parent, community member, facility management

𝑅11 Undisclosed/non-parent capacity, community member, school board official

𝑅12 Non-parent, community member, teacher, professor

6 FINDINGS
The following sections summarize the findings from our qualitative study, presenting excerpts from

the interviews and an overview of the results from the exit survey. We present the most salient

themes in relation to the perceived potential of Redistrict to support understanding of multiple

types of data, reinforce existing knowledge, enable participation of stakeholders with different

expertise and perspectives, and provide educational value.
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6.1 Interview Findings
6.1.1 Beyond novelty: Supporting comprehensibility, shared-understanding, and leveraging existing
knowledge. Given the perceived novelty of the tool, participants were unsure what to expect. At

first, some participants indicated feelings of pressure and a lack of confidence in their technical

abilities. For example, participant R2 commented that "[another] user would do this much faster". R6
and R9 indicated their jobs did not require computers in daily activities. They did take a bit longer

to start manipulating the virtual conference software in which the interview was conducted. The

written instructions on Redistrict’s interface were minimal, yet participants did not read them.

For example, we received questions such as: "what do I do now?", "shall I press on this item?", "shall
I look at the first item, shall I click on this?", "do you want me to press on this menu?". The researchers
treated these questions as rhetorical, as part of the initial familiarization of the platform.

However, the potential utility of the platform seemed to play an important role during this

exploratory process to support comprehensibility of multiple sources of information. For example,

a participant commented, "it is good [because] people who did not go to college, or are not part of
the parent-teacher organizations need to understand [too]" (R8). In particular, the platform interface

supported exploration as showcased by the following participants that took the initiative: "I am
going to read this menu here", or "I am going to press on this link here, I hope that is OK". In addition,

participants appreciated the features of Redistrict as they discovered them and in particular the

simplicity in the language. For example, participant R11 stated, "I really liked [the] language [added
in to describe] the policy" and "I was really happy that I could find that information readily".

Some participants perceived value in the platform to increase community participation. Partici-

pant R6 mentioned, "I think anything that can give parents and community members input into the
zoning process will be a good thing." Further, they considered Redistrict’s ability to support multiple

stakeholders’ perspectives as a benefit. For example, (R7) was impressed "to see all the possible
choices" and that the two-way ability to submit plans "would allow for multiple points of feedback.
Because each of us [. . . ] has different perspectives" (R2) and "everybody can understand it" (R8). The
feedback option "[has] a lot to say, [because it] kind of gives people that initial reaction to it." (R2).
Once the participants learned their way around, they used their newly-gained knowledge to

discover the functionality of the platform and create meaning, often employing prior knowledge of

the traditional process and local geography. Participants that were able to identify geographical

elements of the maps, such as roads and water streams, used that knowledge to identify the

boundaries of the SPAs and had an easier time manipulating the interface through this perspective.

As R6 explained, to understand the projections "more carefully [. . . ] I will have to get back in and look
at the maps.". R7 discovered, ". . .many of the zones are not affected during this particular process. Oh,
okay, if I go back in and read, I can see it [now]." Participants in an active learning state, who allowed

themselves to read and process the information, consequently had fewer confused comments. For

example R8 said "Yeah, I don’t know what district that is if that is what you are asking me" in contrast

to R11: "well, I know that. That is the airport, [that’s why] there are no students [in this SPA]".
The researchers noticed a change in perceptions as participants’ ability to understand the data

improved. Prior knowledge of the geography is implicit because the intended users work, live, or

both work and live in the county. Participant R5 navigated the interface, stating, "[The application]
was [. . . ] new, [but] some of my background information that I knew about the process [helped]."
Their experience highlights the importance of the interplay between prior domain knowledge and

interactive visualizations tailored to a specific task.

6.1.2 "Aha!" Moments: Supporting Reflection, Discovery, Planning, and Comparison. With a hypo-

thetical scenario and limited instructions, participants manipulated the plan editor interface in an

investigative manner, exploring and discovering how to create a better hypothetical plan within
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a short time. As their familiarity with the interface improved, they were able to understand the

potential impact of an allocation, setting the stage for reflection and future planning. A participant

mentioned, "I know they’re just projections, but it’s kind of nice to see because it gives you a sense
of comfort to know [the impact]" (R3). Thus, the change between novelty and familiarity with the

online platform was marked by an "aha" moment. For example, a participant commented ". . . so
I could go in here and move all kinds of things around — Oh, wow!" (R9). Indeed, each interview

session had a point when the participant understood the basic functionality and started using the

platform to gain information, test ideas, and convey their opinions.

The task of assigning SPAs to different schools, while watching how the projections change,

deepened participant’s understanding of physical invariants involved in rezoning processes; i.e.,

real estate and building capacity. This came as a surprise to some: "Am I reading that right?" (R8), or
"So I would kind of wonder ‘why that [lack of space] is?’" (R5). Most participants manipulated the map

to gain information about projected impact of changes and read others’ feedback. The participants

with a better understanding of the process, mostly principals and school board members, spent

their time attempting to create the "perfect plan."

Some of the interviews ran past the maximum scheduled time (60 minutes) going up to 90

minutes, with participants keenly trying to create a better allocation, despite knowing that it is a

hypothetical scenario. For example, R5 explained:

"I understood how it works, but it was entertaining. I [tried to] figure this out, forgetting
the fact that this is completely invented. Made up. And it’s not gonna make any impact
whatsoever." R12 referred to it as a "highly intriguing process", "addictive", and "almost
like a mind game, on the computer." Participant R10 mentioned, "I could see parents
spending a lot of time playing with this. . . "

R5 synthesized the overall experience: "Once I sort of understood, how the numbers and the actual
changing of various districts work together. I mean, you can see, I was like, oh yeah, this is great!"
Once participants became comfortable using the application, they often expressed a belief that

it could help resolve significant pain points in the traditional rezoning process. Most showed a

keen desire to understand how their opinions and ideas compared against proposed plans. Some

admitted to expressing opposition in past rezoning efforts, including strong opinions on how the

process could be approached better. For example, one participant, R4, shared previous experiences

and described their family’s quest during a prior rezoning effort, one of several they were subjected

to. Their family was part of a group of residents who strongly disagreed with the county’s proposal

and felt a better distribution of resources could have been devised. Yet, they had neither the tools

to articulate their view nor the data to support their points. So, participant R4 "actually came up
with my own map", spending over a month working in Microsoft Excel spreadsheets. Their group

participated in the traditional rezoning process where they "used to go into work and print these
engineering sheets" with papers that would cover the whole table and fall off to the floor:

I would sit at my kitchen table with a highlighter [into the night] and compare the Excel
calculations against every SPA. I would have a draft one, because [I] would mess up and
then redo it nicely and take it into the school board meeting. I would show them my big
spread-out map with a highlighter — and this was just few years back, not that long. (R4)

Participant R4 and the group of parents they were a part of went in front of the school board

with R4’s plan and were able to present a convincing argument. As a consequence, the group had

the particular SPA split up: "I really I did get my way. I’m happy I did, and it turned out way better
than I thought it would be" (R4). This participant actually spent so much time learning the process

that they quit their (then) job and found employment with the county:
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I spent my time at work doing school rezoning — it was not my work — but it looked like I
was working because I was in my cubicle doing Excel work, all of this Excel stuff because
of this work [with the rezoning process]. I realized that I did not even like my job. So this
is how decided to work for the school. . . This tool would have made the [past] rezoning
much easier, I probably would have kept my other job! (R4)

6.1.3 "This is hard": The Importance of Visualizing Complex Scenarios. The participants’ familiarity

with the tool advanced over the first 20 minutes of the interview and seemed an appropriate time

interval. Because of their exposure to the traditional rezoning process, they had some preexisting

understanding of the difficulty of such rezoning efforts. But as they became the drivers of the

process via Redistrict, they began to realize the full extent of the challenge. R10 explained their

thought process while trying to find a better allocation for the proposed hypothetical plan:

So, [. . . ] I’m happy with the progress that we have here, trying to get these numbers down,
but I’m still. . . realizing, there is a real challenge. Now I’m recognizing that, alright, I’m
starting to bring [enrollment in school 1] down and [enrollment in school 2] down over
time. But now I’ve got like 124% in [enrollment in school 3], up 115% over at [school 4],
I’m already at 100% in [school 5]. . . I can see there’s a lot of slim margin for error.

As participants tried to propose better plans, their demeanor ranged from excitement to deflation,

and even surrender, as they realized how difficult is to satisfy the constraints within the confines of

available real estate. For example, R10 found the experience valuable for communicating to others

the difficulty of the process: "[Redistrict will] give them [parents/community] a good insight as to
how challenging this actually is for staff and the school board when they’re making decisions." Other
participants expressed a feeling that the optimization task was essentially endless. R12 said, "[I]
would continue doing this for few hours." Similarly, R5 asked after a while, "So, you want me to still
try to get to a solution here?" Given participants’ previous involvement in districts’ decisions, the

time voluntarily spent reinforces how the tool facilitated realizations about previously intangible

constraints. R11 put it succinctly: "This is hard."
Apart from highlighting how complex the exploration of solutions can be, participants listed

many aspects of the platform they found meaningful, such as how it raises awareness of unseen

constraints of the given scenario, and how happy they were to be able to see their proposal and

compare it to the proposed plan. R5 elaborated on comparing the "hypothetical proposed [plan] and
then my plan. Great! So I can go [here to] see my plan. See how amazing it is! Oh, that’s ‘The genius
plan!’" Participants suggested several improvements to the interface to support the exploration of

complex scenarios. Most of them preferred seeing the information side-by-side, as R3 explained:

"Just double checking [if] they are under- or over-[capacity]. So what I would actually
prefer at this point [is if] I could see this chart [showing utilization and capacity] right
next to this map. It would save me from going back and forth." R7 agreed that, with a

side-by-side view so, "I can see how many students I’m affecting."

The online platform facilitated visualization of multiple constraints and immediate feedback. These

seemed to play a role in participants’ confidence while evaluating not only problems, but also

potential solutions. For example, R1 observed, "[If I] move [children from school 1] [to school 3] it
under-utilizes [school 4]... still, most kids will be affected" due to the need to move SPAs around.

Without prompting, participants described looking at the situation from a new angle, beyond

personal stance. For example, many participants mentioned their frustration that the stability
constraint (i.e., avoiding many rezonings over a short timespan) was overlooked by the planning

department: "This [rezoning] happens every year" (R4) and "Two years ago, the students [in this
neighborhood] were moved, knowing that they had to be moved again in two years" (R6). However,
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as the session progressed, participants realized it is hard to make a perfect proposal: "So now I’m
thinking to myself, I’m starting to go away from [initial thought] then I’m realizing that I actually
need [to build] another school (laughing)" (R5).

6.2 Exit Survey
After interacting with the online platform and finishing the prompted tasks, we administered a

standard exit survey which usually lasted about 5 minutes. These survey questions gave participants

an additional opportunity to verbally reflect on the rezoning process in general and the possible

support the inclusion of an online platform might bring. In closing remarks, participant R12

mentioned, "You might wonder, how did these things [planning department decisions] come about?
[But in Redistrict,] you zoom in and you see features that explain it, [because] there’s a lot going [in
the geography] that influence what would otherwise be a typical student or family commute to school."
The exit survey responses are presented in Figure 5. Questions related to the value added by

the online platform scored highest. Participants agreed unanimously that the interface provided

valuable support in the decision-making process, while the relevance of the platform scored high

for current impact. Future implications registered highest across the board.

Figure 5 shows encouraging feedback around the benefits of providing an online platform, such as

Redistrict, as a part of a school rezoning deliberation process. The survey responses complemented

the interview findings, clearly showing that participants see Redistrict as a valuable platform to

support the School Attendance Zone Change Process. In addition, participants were also asked a

multiple-choice question: "What was the most useful aspect of the interface?", with choices: (1) visual

display of maps, (2) ability to select and reassign SPAs, (3) ability to see enrollment projections, and

(4) the ability to see other users points of view. Eight users chose (1), (2), and (3) as having equal

impact. Three selected (2) of the (3), and one chose (1) to be the single most important feature.

Fig. 5. Exit Survey responses, on a Likert scale, showing positive feedback from the evaluation. Color
representation is as following From left to right : (blue) Strongly Agree, (orange) Agree, (gray) Neutral,
(yellow) Disagree, (light-blue) Strongly Disagree

7 DISCUSSION
School rezoning is a particular example of an interdisciplinary context that opens up many oppor-

tunities to support community participation, collaboration, and innovation for civic technologies.

The users’ input elucidated aspects of trust and the potential of learning through visualization (try-
and-see) as well as how this could facilitate a common ground development process for expanding

previous work. This investigative discovery revealed an ability to understand complex geospatial

data and multi-domain constraints using learning as a scaffolding process [27, 40, 61]. Based on
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the themes described above, we present three opportunities for designing technology to support

the school rezoning process: (1) Designing to Support Active Participation in Public Deliberations,

(2) Designing to Support Reflection, Shared Understanding and Potential Common Ground, and

(3) Designing for Rebuilding Trust, Shared Expectations, and Fostering Credibility, along with the

limitations of our study.

7.1 Designing to Support Active Participation in Public Deliberations
Previous research has highlighted the need for civic technology to improve the quality of public

deliberations beyond the level of informing and consulting community members [74]. Indeed, there

is a need to increase citizens’ active participation in public deliberations [59]. Beyond face-to-face

interactions, technology [47] has become an a nearly ubiquitous alternative to synchronous virtual

participation in deliberations [45], yet has shown minimal impact on the planning process [46].

On the one hand, our study demonstrates the complexity of the school rezoning process which

requires both active participation from disparate stakeholders (e.g., school planners, superintendent,

board members, community members, etc.) and making sense of multiple constraints in an ongoing

dialog before, during, and after deliberative discussions that can involve disagreements or latent,

long-running conflicts. On the other hand, designing socio-technical systems to support active

participation in public deliberation can strengthen community engagement efforts and has the

potential to support a more inclusive decision-making process. Our findings show how Redistrict

was able to make a complex planning exercise more engaging and entertaining, as some participants

continued trying to make better plans. This goes in line with prior research [59]. Additionally, our

participants used the platform not only to try out the plan editor, but also to provide and collect

feedback from other user-made plans. The extant asynchronous / synchronous support of an online

interface shows potential advantage, not only to help different stakeholders to build knowledge in

advancement of the deliberation, but also to reinforce the motivation to participate [17], increase

the visibility of community members, and sustain community engagement [47].

7.2 Designing to Support Reflection, Shared Understanding, and Potential for Common
Ground

Supporting reflection is important in public deliberations [56], especially to "move citizen participa-

tion beyond isolated transactions" [48] and to facilitate the establishment of common ground [56, 57].

Johnson et al. highlighted the need to develop platforms to support community decision-making [55],

helping community members to reflect before even engaging actively in direct discussions [56].

For complex decision making processes, visualization tools have proven to be useful to support

comparisons and highlight disagreements [62].

Our findings highlight the added layer of complexity when civic deliberation requires under-

standing of multiple data sets in order to reach common ground. The scaffolding approach to

learning, in which our participants created plans during their first exposure by manipulating

the interface without instruction, allowed participants a convincing first hand-exposure to the

complexity of rezoning. Concomitantly, they discovered constraints, looked for relationships, used

projections, and compared plans, bridging multi-domain knowledge [53] in the process. It was

evident in our study that the visualization of multi-criteria complex scenarios helped participants

to build confidence through many planning iterations and to explore not only the problems but

also potential solutions, thus reinforcing the contextual knowledge needed for face-to-face public

debates [17].

Our study shows the potential of an online platform, such as Redistrict, to serve as a common

information space [51] enabling the shared understanding between multiple stakeholders and as
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a tool for thinking together [17]. Finally, this study elucidates how multi-criteria scenarios were

useful as lens for setting the stage for future action, based on reflection of the scenarios at hand [12].

7.3 Designing to Rebuild Trust, Share Expectations, and Foster Credibility
Building trust along with supporting credibility and transparency are critical components in

public deliberations and necessary for meaningful participation [5, 28, 31, 32, 38, 74]. Since public

deliberations involvemultiple stakeholders, it is not surprising to find conflicts or disagreements [14].

Communication can accomplish successful cooperation between diverse actors [42]. Conversely,

lack of transparency and delayed communications increase communities’ distrust [38]. During our

study, many participants brought up previous debates and tensions between public officials and the

community as a sour-spot in public deliberation. In particular, frequent rezonings and overcrowded

schools were acknowledged to erode trust within community, and the motives for these actions

were not understood by even the school system employees that we interviewed. Our study shows

how an online tool, such as Redistrict, enabled not only a greater understanding of the difficulty of

producing a good rezoning proposal but also an awareness of other perspectives. These were used

in the creation of a participant’s proposals and can increase participant’s ability to engage in future

discussions [17]. In addition, the opportunity to read other users’ comments within the online

platform allows participants to gauge how others are feeling and reflect on their own perspectives.

If participants had remained unable to understand the exercise, they would not have been able to

realize that the building school space was insufficient for the amount of students present in certain

areas, and that a perfect rezoning plan may be impossible with regard to student distribution and

demographics.

Thus, participants’ positive reactions hinted at the possibility that a dedicated tool, such as

Redistrict, could help build relationships among various stakeholders. Online platforms could

become enablers for a shared understanding throughout the rezoning process, making the process

more transparent and in turn creating the premises for rebuilding trust inmulti-stakeholder decision-

making processes over time. Leveraging information credibility [58] and providing an adjacent

online modality to explore diverse types of information expands proximity-based deliberation,

broadening the channels of participation in communal decision-making to build trustworthy

relationships among different stakeholders. Going through this process promoted participants’

mutual respect for school planners’ work, enhancing their credibility. While the perception of school

rezoning as a low-room-for-error process was not fully understood until participants attempted

to create a better-than-proposed plan, participants realized how infeasible it was to satisfy all

constraints simultaneously by comparing the school and attendance projections with their own

expectations. Therefore, sharing expectations through Redistrict could support the coordination of

multiple scenarios of planning for school attendance zones.

7.4 Reflexivity and Limitations
In the spirit of small-group reflexivity, the first author was a high school teacher and three of

the authors have previous experiences as parents of young children in a growing city on the US

East Coast, during the course of the research. As part of the community, we grew increasingly

intrigued by the mechanics witnessed during the time our own families were subjected to the school

redistricting processes. We understood some of the existing challenges including the competition

in securing a family home, the suspense of learning about the process, and the frequency of

disagreements in the community. Four of the authors are based in an academic institution in the US

and cumulatively were able to participate in fifteen traditional public deliberations. As researchers,

we struggled to make sense of the disconnect in perspectives between public school officials and

the community members present at the debates. The experiences of research team members, held
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over the years (parent, community member, school employee, and researchers), offered different

perspectives, to further understand what stood in the way of uniform realization of the hard work

and good intentions invested by each group in public debates. All authors appreciated the potential

that interactive visualizations could provide, due to exposure and background in applied sciences

and human-computer interaction. These experiences motivated our research aiming to support

public school rezoning deliberations through technology.

We further acknowledge the qualitative nature of our studywhose results, as withmost qualitative

studies, are not intended to be entirely generalizable. Redistrict and its evaluation presents a different

perspective and rich description of the space and sets the stage for a broader work into online tools

for promoting civic collaboration addressing wicked problems. In addition, our participants all

self-identified as North American adults and mostly as white. The results mostly pertain to this

particular demographic group and geographic location. Future studies can address these limitations

by engaging with racially diverse communities in other counties, as well as conducting long-term

studies with a larger group of participants to learn about the challenges for adoption and the

community’s perceptions over time. In addition, comparative evaluation could be conducted in

other school districts that are recording a decrease in school population. Such evaluations could

further extend to other geographical areas and jurisdictions around the globe to test perceptions,

reactions, and further develop the methodology of virtual geospatial civic deliberations.

8 CONCLUSIONS AND FUTUREWORK
During this work we qualitatively evaluated the potential for an online platform to extend and

supplement in-person, live public school zone boundary deliberations. Addressing the study’s

design problem was the first step in the process of rebuilding assurance. In practice, we have

noticed that the community is reluctant to adopt new technology when trust in authorities is

compromised. But, this can be somewhat mitigated by transparency in the form of access to data

and relevant calculations, as shown on the Redistrict platform. Socialization and user testing with

public school officials was a necessary and important step towards large-scale testing (Figure 2).

The interactive map supported the ability to see an immediate shift in the attending and projected

school populations and helped participants learn more about the constraints of the process. Attribut-

ing different parcels of the map to various schools, in an effort to create a better-than-proposed

mapping, gave a hands-on understanding of the very limited possible rezoning choices. This helped

participants realize the difficult situations position planners find themselves in, with such limited

school space. By using Redistrict, participants report increased awareness of the complex problem

of resource allocation (in terms of stability, compactness, etc.). This activity has the potential to

enable transparency and shared understanding of the difficult and often compromising decisions

that go into supporting continuous school population growth.

Redistrict’s online interface was perceived as a fast, reliable, easy-to-learn platform with the

potential to enable information dissemination. Additionally, participants mentioned wishing to

see the interactive map and student projections side-by-side. This was not implemented by us

during the course of this study; however, we appreciate the benefits of this potential display and

encourage further research to follow this suggestion.

Future research should expand participation to a more diverse group to include people of

different demographics and abilities to assess the broader suitability of Redistrict and to support

more inclusive public school rezoning deliberations. There is a need to conduct similar qualitative

user studies for areas experiencing long-term decrease in population, such as areas that need to

rezone because schools have closed, causing students from further away to be grouped together to

form classes and run a school. Additionally, quantitative studies of a larger number of participants
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would provide a valuable complementary perspective to the positive effects suggested by our

qualitative evaluation here.

The geo-supported online interface should be thoroughly tested during live rezoning efforts to

observe the extent to which our findings are preserved and what other concerns might appear over

time through its adoption and appropriation. In this context, the premises would potentially shift,

as people would be personally invested in the process. Engagement could be measured in terms

of the time it took users to submit a plan, how many plans were submitted, differences between

submitted plans, the number of participants, number of comments, and many other aspects. Lastly,

based on our findings, we provide design opportunities to frame a new socio-technological medium

to extrapolate to other subject-specific decisions on complex geospatial data, for instance, electoral

districts, city planning, or law-enforcement deployment.

This research further expands on previous work that seeks to establish common ground and

shared understanding in community deliberations and opens a perspective for community co-

operative work on highly interactive, data-driven visualizations in a civic, multi-disciplinary context.

Given limited research in this space, we hope to invigorate discussion on design considerations

towards broader, more diverse studies.
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