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Redistricting Reform Principles

As an expert analyzing the data, draft maps, and legislative communications that were revealed in the
2017 gerrymandering litigation here in PA, and as an activist speaking about reform with legislators
and other stakeholders ever since, it has become clear to me that Pennsylvania’s current redistricting
process is intrinsically corrupt. A well-structured independent commission running a fransparent and
participatory process, operating under rigorous standards for district design and data usage, and with
accessible redress for citizens who are disenfranchised, for both legislative and Congressional
redistricting, is essential to ensuring that redistricting will serve all Pennsylvanians, rather than being
mired in secrecy and backroom backstabbing. Complete independence of the map designers from the
legislators, Congressional representatives, and other political actors who have direct personal and
financial conflicts of interest in the outcome of the process, and clear guidance for how those map
designers should perform their duties, should be the top priorities of redistricting reform in our state.

However, simply creating something called an “independent” commission is not enough. Numerous
proposed bills over the past few years have purported to offer this. Some bills have been reasonably
well constructed, others seem to have been, at best, well-intentioned but flawed, and every proposal has
at least some opportunities for improvement. Meanwhile, cynicism and distrust have continually
hobbled attempts at reform, risking Pennsylvania undergoing yet another redistricting using a process
which has been failing our state disastrously for decades.

The central problem, of course, is that, bad is our current process is, it is at least familiar. Even those
stakeholders who may not like the present system are at least adapted to it, and know what they need to
do to pursue their political and legislative goals within its confines. Remedying rather than
accommodating these flaws requires all of us Pennsylvanians to find the courage to take a leap into the
unknown. While the reluctance on the part of many legislators to take this leap is understandable,
ultimately it is essential for our democracy, and demanded overwhelmingly by Pennsylvanians as a
whole, that we stop accommodating the errors in our laws and start fixing them instead. The most
important fix of all is for legislators to find the integrity to step back from their overwhelming,
intrinsic, and inescapable conflict of interest in redistricting, and turn the reins over to an independent
body which is provided with clear guidance on how to perform its duties fairly.

However, independence of the commissioners themselves is only the first step. The commission must
also be given clear guidance on how to go about its mission in a fair manner, and it must be not only
accountable to but also deeply engaged with the public in performing its mission. In addition, it is
essential to have strong safeguards in place to address any possible failures to ensure sufficient
commission independence and attention to the public interest, whether at the legislative or
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implementation stages of the reform process. The greater the likelihood of such failures (or the more
commission independence is weakened during legislative sausage-making), the stronger these other
safeguards must be.

Analyzing proposed redistricting reforms in terms of the six key principles listed below can help well-
intentioned legislators and reformers navigate this minefield. These principles were developed based
on observation of the most damaging ways in which the existing redistricting process has failed to
ensure both procedural and substantive fairness, and also by careful study of more effective
redistricting models that have been implemented in other jurisdictions. A reform effort which
prioritizes commission independence, buttresses that independence using the other five principles, and
gives ground on independence only in exchange for extreme strengthening of these other five, can
change the landscape of our state for the better, for good. Moreover, partial improvements consistent
with any of these six principles could create a significantly fairer process in 2021, even in the absence
of a full independent commission reform.

The six key redistricting reform principles are:

1. Complete independence of the commission from the politicians and lobbyists who have direct
conflicts of interest in the results of the process.

2. Total and permanent fransparency of all aspects of the process, from commission selection to
the reasoning behind final district designs.

3. Broad public engagement, both via a well-designed commissioner selection process to recruit a
diverse and qualified commission, and via inclusive solicitation of public input into the district
design process.

4. Rigorous quantitative design standards for districts, in order to reduce the freedom for districts
to be manipulated to corrupt ends.

5. Strong data usage requirements to prevent use of partisan data or individual addresses to design
districts for partisan purposes or to advantage or disadvantage specific candidates.

6. Efficient, accessible, and effective redress procedures against a corrupted process or result,
available for as long as the districts are in effect.

More details on each of these principles are discussed below.

1. Independence
State legislators, Congressional representatives, lobbyists, and their political allies, staffers, and
family members must not be permitted to have any influence whatsoever over who the
commissioners are or how the districts are designed, other than through the same public
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channels available to all other citizens. Commissioner candidates must be evaluated for a
commitment to fair-mindedness and problem-solving, rather than selected as competing
representatives of partisan or other interest groups, although balancing party registration,
including independent voters, and ensuring commission diversity are still important to avoid
unfairness. Significant randomization of the commissioner selection, amongst a large and well-
diversified pool of qualified candidates, is also important to reduce the ability of powerful
political actors to put their thumbs on the scales.

Commissioners must be explicitly required to act without regard for partisan interests, and
without any intent to advantage or disadvantage any incumbent or candidate for office.

If legislative involvement in commissioner selection or district design cannot be prevented, then
maximal checks and balances must be put in place, to make it as difficult as possible for any
one party to dominate the process (possibly with the help of a few minority party quislings), or
for commissioners willing to participate in a bipartisan incumbent-protection gerrymander to be
selected. Such checks and balances must take into account the present reality of our legislature
— significant and durable one-party majorities in both the Senate and the House, deliberately
established by the extreme 2011/2012 partisan legislative gerrymander.

Transparency

Everything the commission does related to their redistricting duties, every commission meeting
(whether it is a public hearing or not), and every communication they send or receive on the
subject (from outside or inside the commission), must be made public online immediately and
preserved as part of the public record. In addition, commissioners must be required to prepare
detailed written explanations for every district design decision (combinations and splits of
counties, municipalities, wards, and precincts), as well as reports listing all relevant statistics
(populations, compactness, county, municipal, and precinct splits, Voting Rights Act
compliance, etc.).

Public engagement

Public input must be aggressively facilitated and solicited at every point in the process, through
recorded and publicly broadcast open meetings across the commonwealth, as well as in writing,
over the phone, electronically, etc. The data and tools used by the commission to design the
districts must be made freely and widely available so that ordinary members of the public can
easily submit their own proposed district designs and analyze official proposals.

Commissioner candidate pools must be selected for diverse backgrounds and skill-sets that will
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enable them to empathize with and integrate the wide variety of concerns that different groups
of Pennsylvanians may have about the redistricting process, and to cooperate effectively with
their fellow commissioners in a highly-charged political environment. Commissioner
compensation must be sufficient to ensure that even Pennsylvanians of modest means can serve
at a high level of engagement over many months, and the commissioner recruitment and
application process must be designed to be as inclusive as possible for Pennsylvanians from all
walks of life.

Rigorous standards

District designs must be held to rigorous standards to reduce the freedom to manipulate district
boundaries for corrupt purposes, and the commission must be supplied with sufficient resources
to ensure that they can retain expert advisors to assist them in adhering to these standards.

In particular, the state constitutional requirements for equal population, contiguity, compactness,
and avoiding division of counties, municipalities and wards, and the federal constitutional
requirement for Voting Rights Act compliance, must be given more than vague lip service.
Specific requirements must be spelled out in detail, based on expert advice.

Methods of achieving and/or measuring optimal compactness, should be specified, as, for
example, in lowa’s redistricting standards. (Note that maximizing average compactness of all
districts should not be considered sufficient. Maximizing the compactness of the worst district
might be a better measure.)

The concept of split minimization must also be clarified to note that, not only must the number
of divided counties, municipalities, and wards be minimized, each county, municipality, or ward
must only be divided amongst the smallest possible number of districts. (For example, a county
with 2.16 districts’ worth of population should only be divided between 3 districts at most, and
a county with less than one districts’ worth of population should be divided only if absolutely
necessary to equalize district populations, and then only between two districts.)

Population equality requirements should not be construed to require exact population equality
between districts down to a single person, a criterion which badly misrepresents the precision of
the available population data. Instead, split minimization and compactness should be prioritized
as long as populations are equal to within some reasonable and clearly-specified standard. This
will eliminate the use of “exact” population equality as an excuse for arbitrary block-by-block
division of municipalities and highly-convoluted districts.



6.

Redistricting Reform Principles
Anne Hanna

Concerned Citizens for Democracy
September 16, 2019

Contiguity requirements should account not just for technical boundary contiguity, but also, as
much as possible, for travel contiguity — all parts of a district should be connected within the
district by meaningful travel corridors.

Voting Rights Act compliance should not be construed to require packing of far-flung minority
communities into super-majority minority districts. As the Supreme Court has recently ruled in
North Carolina, this form of malicious “compliance” can constitute its own form of racial
gerrymandering.

Strong data hygiene

District design processes should not be permitted to use any data which may enable partisan
gerrymandering or creation of unfair advantages for incumbents. Such data includes addresses
of incumbents, candidates, or other individual Pennsylvanians (e.g., major donors), voter
registration data, election results, designs of prior gerrymandered districts, or any other data,
like marketing surveys or opinion polls, which could be used to reliably infer partisan
affiliations. The only exceptions to this should be (a) for Voting Rights Act analysis or (b)
possibly as a final check on the redistricting process to confirm that gerrymandering has not

occurred.

[f it is deemed absolutely necessary to design districts to avoid incumbent contests, it may be
permissible to use incumbent legislators’ home addresses to provide a final adjustment to
district boundaries for this purpose, but districts should never be specifically tailored to an
incumbent’s or candidate’s partisan advantage/disadvantage, or otherwise optimized for the
preferences of any individual.

Availability of redress

No matter how carefully a redistricting process is structured, problems may arise that drafters of
reform legislation could not foresee or prevent. It needs to be feasible for citizens to challenge
a biased or failed redistricting process, at whatever point in time that failure becomes apparent,
even years afterward. That means that pathways for court challenges must not be foreclosed as
long as the districts are still in effect, that all data related to the process must be required to be
preserved and easily publicly available indefinitely, and that whoever ends up drawing the maps
must be required to affirmatively defend them, rather than being granted a presumption of
lawfulness.
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Abstract

Many proposed independent redistricting commission bills provide for random selection
of commissioners from amongst the qualified applicants, but also require that the final
commission appointments reasonably reflect the racial, geographic, gender, and
other diversity metrics of the state. Interested parties sometimes express concerns
that the requirements for randomness, diversity, and qualification may be difficult to
satisfy simultaneously, which may resulit in the final commission being effectively
handpicked by political appointees charged with overseeing the process.

In early 2018, we were asked by Fair Districts PA to analyze the question of how to
simultaneously achieve randomness and diversity in the selection of a qualified
commission, according to rules described in certain Pennsylvania redistricting reform
proposals supported by that organization. To demonstrate how this could be done in
practice, we constructed a simulated applicant population with racial/ethnic, geographic,
gender, and partisan demographics matching the diversity of Pennsylvania, and
developed and tested prototype selection procedures which could be used to implement
these rules.

Our procedures use weighted random sampling from the initial qualified applicant
pools, and repeated drawing and replacement of candidate panels, to produce a
gualified, randomly selected commission satisfying desired diversity needs. The
results of our tests demonstrate that it is not only possible, but in fact easy, from
a technical perspective, to randomly select a diverse commission within
guidelines of the type described in the proposed Pennsylvania legislation,
without enabling powerful political actors to put their thumbs on the scales.

The commission selection process analyzed in this report is only one of many possible
options, based on proposals that were considered in Pennsylvania at the time the
original analysis was performed. However, our methodology is easily adaptable to any
reasonable set of selection requirements, regardless of precise details. Thus, the
applicability of our results is unlikely to be affected by minor changes. We discuss,
where relevant, a few possible alterations, their likely effects, and adjustments that
might be made to our proposed selection methods to account for such changes.
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1. Introduction

For the purpose of concreteness, our analysis focuses on a specific set of redistricting
commission selection procedures spelled out in reform legislation proposed in
Pennsylvania in the 2017-2018 General Assembly session.> However, many aspects of
this proposed legislation are similar to other proposals in Pennsylvania and proposed or
adopted reforms in other states.

Specifically, these exemplar bills proposed amending the Pennsylvania Constitution* to
require that congressional and legislative districts be drawn by an 11-member
independent citizens’ commission. This 11-member commission would be composed of
a diverse group of qualified Pennsylvanians, chosen to ensure that they would be able
to fairly assess and represent the wide array of issues faced by residents across this
geographically and demographically varied state. At the same time, the selection
process included stringent restrictions on political entanglements by commissioners, as
well as multiple randomization steps, in order to prevent partisan actors from distorting
the process for their own ends.

The purpose of the present document is to demonstrate how these sorts of
requirements for qualification, diversity, and randomness can be satisfied
simultaneously in a way that ensures that all of these goals are met. We first describe
the key features of the commission selection process, as laid out in the exemplar bills.
We then explain, at a high level, how these prescriptions can be implemented, via
enabling legislation, administrative policy, and computer-assisted randomization, in
such a way as to ensure the integrity and fairness of the commission selection
procedure. A technical appendix provides a more detailed explanation of how we tested
our exemplar selection procedure, along with supporting data and results.

3 SB 22 (Printer's No. 397) and HB 722 (Printer's No. 1671)
* Article 11, Section 17



2. Exemplar Commission Selection Requirements

The exemplar bills specify proposed minimum qualifications for redistricting
commissioners and provide an outline of the selection process.® Commissioners are
required to have an established and consistent history of voter registration, party
affiliation (or absence of affiliation), and actual voting, and must lack direct, personal
connection to any political officials, staffers, or lobbyists. As the exemplar bills were
intended as constitutional amendments, many other possible important types of
qualifications and many details of the qualification procedures were left to enabling
legislation and administrative policy. Other valuable types of qualifications could include
applicants’ subject matter expertise, their ability to bring a distinctive and valuable
perspective to the issues facing the commission, a demonstrated history of strong
ethical grounding, and outstanding interpersonal and conflict resolution skills.®

With the qualification procedures established, the example commission selection
process would proceed as follows:

1. Interested citizens file applications with commission selection administrators to
join the commission.

2. The selection administrators determine which applicants meet the commission
qualifications and divides these applicants into three pools:

o Pool 1, consisting of qualified applicants registered to vote in the largest
party in the state, by total voter registration.

o Pool 2, consisting of qualified applicants registered to vote in the
second-largest party in the state, by total voter registration.

o Pool 3, consisting of qualified applicants registered to vote in any other
party or with no party affiliation.

3. The selection administrators randomly choose 40 applicants from each of the
three pools described above, to form three corresponding subpools.

4. Certain key members of the leadership of the two largest parties in the legislature
(in this case, the Senate and House Majority and Minority Leaders) may each
choose to strike up to two applicants from each of these three subpools, resulting
in @ maximum of 8 strikes from each subpool.

52017-2018 Session, SB 22 (Printer's No. 397) and HB 722 (Printer's No. 1671), sections (2)(b)-(d)
8 In California, the process of defining qualifications included a period of public comment, town hall
meetings and legislative hearings. See the section "Archive of Documents Related to Regulatory
Proceedings Regarding the Application and Selection Process” at
http://wedrawthelines.ca.gov/requlation_archive html.
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5. The selection administrators randomly choose 4 applicants from the remaining
members of each of Subpools 1 and 2, and 3 applicants from the remaining
members of Subpool 3, to form the final commission. These selections must be
made in such a way as to reflect the racial, geographic, gender, and other
diversity metrics of the state.

The key question in this process is how to ensure that the selections in step 5 result in a
commission that is not only well-qualified and diverse, but also truly random in a way
that does not permit the selection administrators, or any other powerful political actor, to

effectively select the final commission and thus exert undue control over the redistricting
process.



3. Randomized Selection of a Diverse, Qualified Commission

There are several points in the above described commission selection process where
questions may arise about how to ensure that the process results in a truly independent
and qualified commission, capable of representing and respecting the concerns of all
residents and of operating independently from the influence of powerful political actors.
A brief summary of possible issues and ways to address them is below, with more
detailed explorations to be presented in the sections that follow.

Commissioner qualifications: It is essential that a large, diverse group of
qualified applicants be available to enable truly random selection of the
membership of the party affiliation subpools. Qualification requirements should
be used to pre-filter the applicant pool before any randomized or diversity-based
selection steps, so that all later selection stages will choose only amongst
already well-qualified candidates. Targeted recruitment efforts can be used at
this point to boost applicant numbers and diversity.

Random selection of 40-member subpools: The demographic distribution of
qualified applicants could potentially be very different from the desired
commission demographics. The chance for each qualified applicant to be
selected into the appropriate 40-member subpool can be reweighted to
correspond to the desired commission demographics. This ensures that, even
though each subpool member’s selection is still random, all subpools have the
desired diversity balance, rather than being constrained by the demographics of
the original applicant base.

Legislative strikes: Legislative strikes could potentially impair the diversity of
one or more party affiliation subpools. However, as long as legislative strikes are
not strongly biased, this issue is not likely to be significant. Additionally,
protective weighting at the subpool selection phase, or minor post-strike
corrections, can alleviate concerns about the effects of strikes on diversity.
Final commission selection: The final commission selection from the
post-strike party affiliation subpools must simultaneously be random and satisfy
desired representation targets. A relatively simple computerized random drawing
procedure can address this issue by repeatedly drawing random candidate
commissions from the (already-qualified) post-strike subpools and discarding
those commissions that fail to achieve desired diversity, until it finds one that is
satisfactory. Empirical testing shows that such a procedure can reliably find a
commission satisfying reasonable diversity guidelines in less than a minute,



without requiring any specialized hardware, and with auditable logging of the
entire process.

3.1. Commissioner Qualifications

The redistricting process poses substantial technical, political, and ethical challenges. It
is essential that commissioner qualification requirements be designed to ensure that all
applicants deemed qualified to move on to later randomized selection rounds will be
well-equipped to address these challenges.

The exemplar bills, structured as changes to Pennsylvania’s difficult-to-amend
constitution, necessarily include only a minimal set of requirements (an established and
consistent history of voter registration, party affiliation/absence of affiliation, and actual
voting, and a lack of direct, personal connection to powerful political actors). However,
additional legislation could also establish other important qualifications, in areas such as
applicants’ general or subject-matter expertise, the value of the unique perspectives
they can bring to the table, or their personal histories of working to resolve difficult
issues fairly and cooperating in potentially divisive environments. Long-form written
answers or interviews can be used to aid such a process, as is done in selecting
California’s independent redistricting commission.

It is, of course, possible that a too-rigorous selection process, or demographic
differences in access to or interest in participation, could make it difficult to recruit a
sufficiently large and varied pool of applicants to meet desired commission diversity
requirements. However, this issue can be addressed in two ways: first, by monitoring
the size and diversity of the applicant pool and performing targeted recruitment in any
areas of weakness (as was done in California), and, second, by the weighted random
selection methodology to be discussed below. This latter methodology was the focus of
our analytical work.

3.2. Random Selection of 40-Member Subpools

In our exemplar procedure, once the applicants have been filtered by qualifications and
categorized into the initial pools by party affiliation, the first randomized selection step is
performed. 40 applicants are randomly chosen from each of the three party-affiliation
pools to create the subpools from which the final commission will be drawn. It is always
difficult to predict in advance how many people might apply to become redistricting
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commissioners, or how many of those applicants might pass all required qualification
tests. However, it is useful to note that, in 2010, 31,000 Californians applied to join their
state’s redistricting commission, 26,000 passed the basic qualification tests, and almost
5,000 of those applicants completed the second, significantly more rigorous, written
qualification process. Applicant numbers will be somewhat lower in other, smaller
states (for example, the population of Pennsylvania is only about % that of California),
but it seems not unreasonable to expect that, in most states, a similar process would
attract many hundreds, and likely thousands, of qualified applicants.

The question before us, then, is how to randomly select 120 of these qualified
applicants in a way that ensures that it will later be possible to (again randomly) select
an appropriately diverse 11-member commission from those who remain after strikes by
legislative leadership. The answer we propose is weighted random sampling.

Weighted random sampling allows a random sample drawn from a population to have a
different average composition than the population from which it is drawn. For example,
suppose we have 20 orange marbles and 40 purple marbles in a bag. When we draw 6
marbles from the bag, we expect that, on average, 2 marbles will be orange and the
other 4 marbles will be purple. Sometimes we may get 3 oranges and 3 purples, other
times we may get 1 orange and 5 purples, but over many attempts at random selection,
the average sample, as well as the most likely sample, will tend to show a bias in favor
of purple. But what if we prefer to end up with a selection that is more likely to be
equally balanced between orange and purple?

The trick is to give each orange marble an extra shot at being selected compared to
each purple marble. Rather than directly selecting marbles from the bag, we can
imagine giving each marble a certain number of “raffle tickets” and choosing marbles
based on equal-opportunity random selection from the bucket of raffle tickets instead of
from the bag of marbles. We can see that if we give each orange marble 2 raffle tickets,
and each purple marble only 1 raffle ticket, our bucket of raffle tickets will have 2 X 20 =
40 raffle tickets for orange marbles and 1 X 40 = 40 raffle tickets for purple marbles.

So now, when we choose 6 tickets, we can expect that on average we will select tickets
corresponding to 3 orange marbles and 3 purple marbles, as desired.



Simple Random Sampling
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Weighted random sampling of marbles: This diagram illustrates how weighted sampling can result in
random samples with different distribution characteristics than the original population  In the first image, 6
marbles are drawn with equal probability from a collection of 20 orange and 40 purple marbles. The
average sample will thus have 2 orange and 4 purple marbles. In the second image, the color distribution
has been weighted by drawing from a collection of “raffle tickets” instead, in which each orange marble
gets 2 raffle tickets and each purple marble gets only 1. Now the average sample will have 3 orange
marbles and 3 purple marbles.



A similar process can be applied to ensure that the 40-member subpools selected for
the independent redistricting commission will have membership consistent with the
desired diversity balance of the final commission, regardless of the demographic
composition of the qualified applicant population. Given current demographics and
other concerns expressed in about commission balance during the Pennsylvania reform
process, one possible set of representation guideliines for PA might be:

2 men, %2 women
Y5 of commission members hailing from each of Western, Central, and Eastern
Pennsylvania

e 45 of commissioners hailing from each of rural, suburban, and urban
Pennsylvania

e At least 1 black commissioner and 1 other non-white commissioner (i.e., a
commission balance of approximately 1/11 black, 1/11 other race, and 9/11
white)

e At least one Hispanic/Latino commissioner (i.e., approximately 1/11
Hispanic/Latino representation and 10/11 non-Hispanic/Latino representation)

e Atleast 1 commissioner in the third party/unaffiliated delegation must be
unaffiliated, and no third party may have more than 1 commissioner.

If there are strong concerns about a particular group being underrepresented, the
baseline representation target for that group can be somewhat increased to further
enhance representation for that group in the final subpools.

It should be emphasized that the target commission balances above are
presented only as examples for the purpose of discussion and should not be
construed as being specifically recommended by the authors of this report or by
Fair Districts PA. The actual diversity requirements to be used in practice could
be specified in enabling legislation, and would also likely need to be adjusted
over time to account for demographic changes in the population of Pennsylvania.

It is quite likely, due to demographic variability in application or qualification rates, that
the actual qualified applicant pools will not match diversity targets intended to represent
the overall population distribution of the state. This issue arose early in California’s
2010 commission selection process, when the state became aware that 74% of the
applicants to date described themselves as “non-Hispanic white”, despite the fact that
only 42% of the population of the state as a whole identified that way. Additional
diversity challenges can also be present within party affiliation pools due to correlations
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amongst party preference, gender, race/ethnicity, and region of residence. California
chose to address its applicant diversity problems with a combination of targeted
recruitment efforts and non-random selection of some commission members by their
fellow commissioners, but weighted random sampling can offer an alternative or
supplemental approach.

With representation targets like those outlined above, weighted random sampling
becomes slightly more complicated than in our marble example. Now we must
rebalance selection chances for each applicant across 5 different demographic
categories instead of the single category we used for the marbles. Yet the principles
remain the same — rather than directly selecting amongst the applicants at random,
with each person having an equal selection chance, we give each applicant a certain
number of “raffle tickets” corresponding to their demographic profile, and select
randomly from amongst these “tickets” instead. Applicants from groups
demographically underrepresented in their party pool compared to the composition of
the state (and the corresponding desired composition of the commission) receive extra
“tickets”, while applicants from overrepresented groups receive fewer “tickets”. For
example, in the Pennsylvania case, if women and people from Central PA are
underrepresented in a particular party pool, while men and people from Eastern PA are
overrepresented, and people from Western PA are represented “just right”, then a
woman from Central PA will get the most extra tickets, a woman from Western PA
would get a small number of extra tickets, a man from Western PA would get slightly
fewer than average tickets, and a man from Eastern PA would get the fewest tickets.

Once each applicant is assigned an appropriate number of “tickets”, a standard
randomization process can be used to select 40 “tickets” from each party pool to create
the party sub-pools, with each “ticket” having an equal chance of being selected.” The
graphic below shows an example of the results of this process for the sample
Pennsylvania representation guidelines described above.

" When a particular applicant’s “ticket” is selected, all of their other “tickets” are of course removed from
the corresponding pool to avoid selecting any applicant twice.
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Selection of subpools: The above diagram shows an example of Pennsylvania redistricting commission
applicants being selected into 40-member subpools by weighted random sampling. The image on the top
shows the full collection of qualified applicants, categorized by party preference (vertical axis), region of
the state (horizontal axis), gender (blue = male, red = female), urbanness (rural = circle, suburban =
square, urban = triangle), and race/ethnicity (w = white non-Hispanic/Latino, b = black
non-Hispanic/Latino, o = other race non-Hispanic/Latino, wl = white Hispanic/Latino, bl = black
Hispanic/Latino, ol = other race Hispanic/Latino). In the second image, 40 members from each party pool
have been randomly selected into corresponding subpools.
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With 5 types of demographic data to track, plus party preferences, for hundreds or
thousands of applicants, the “ticket” assignments and randomized drawing would be
best performed by a computer. For purposes of transparency, the computer code can
be made public, along with the data used and logs of all stages of computation, for
examination by ordinary citizens and validation by independent experts.

it should be noted here that, even with careful attention to recruitment of a diverse
group of qualified applicants, it is in principle possible for extremely bad luck in
randomized subpool selection to result in a set of 40-member pools which are
completely unable to meet diversity requirements. For example, the third
party/unaffiliated subpool could accidentally wind up with no unaffiliated applicants,
rendering it impossible to satisfy the requirement for at least one unaffiliated
commissioner. With a sufficiently large and diverse applicant pool and appropriate
weighting, this kind of problem will be extremely statistically unlikely (and, indeed, it
never occurred in all of our testing, without any special precautions being taken), but in
the rare case where it might happen, it is easily resolved: simply discard the offending
subpool or subpools and select afresh, repeating if necessary until a usable set of
subpools arises.

“Bad luck” in subpool selection can also be averted in advance by choosing to give a
few extra “tickets” to members of groups with expected low prevalence in the subpools.
If we want to be extra certain that it will be possible to have at least 1 unaffiliated
commissioner, we could, for example, give unaffiliated applicants a 1 in 2 chance of
being selected into the corresponding subpool, rather than the 1 in 3 chance that would
correspond to having an expectation of exactly 1 out of the 3 commissioners from that
subpool be unaffiliated.

3.3. Legislative Strikes

At this stage, the exemplar legislation permits key members of the legislative leadership
(specifically, the House and Senate Majority and Minority Leaders) to strike members
from all three party affiliation subpools, resulting in up to 8 arbitrary strikes from each
subpool. It is possible for these strikes to create the same kind of difficulties in meeting
diversity requiremenis as bad luck in subpool selection might.® For exampie, if our
weighted random sampling has a target of approximately 1/11 of the applicants in each
subpool being Hispanic/Latino, this corresponds to an average of 3—4 Hispanic/Latino

8 Qur simulations suggest that this is extremely unlikely with an 11-member commission and 40-member
subpools, absent unified and overt bias on the part of legislative leadership.
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applicants per subpool. 8 strikes per subpool could, in principle, eliminate all of these
applicants, rendering that representation target unsatisfiable. There are a number of
possible approaches to this issue, in those rare cases where it might arise:

e Adjust the random sampling weights used in creating the subpools to ensure that
no demographic group is likely to have so few members in any subpool as to be
potentially eliminated by the legislative strikes.

o After strikes, randomly select from the corresponding party affiliation pool(s) an
appropriate number of additional subpool members who can fulfill any desired
diversity requirements that were made unsatisfiable by the strikes.

e Discard the subpool or subpools which cannot satisfy diversity requirements and
repeat the subpool selection, and possibly the strike process, afresh.

Unbalanced legislative strikes or bad luck in subpool selection could also potentially
significantly skew the demographic composition of one or more subpools away from the
desired representation targets, even if selection of an appropriately balanced
commission is still possible. This can be remedied by again using weighted random
sampling to rebalance the selection of the final commission from the post-strike
subpools.
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Legislative strikes: This diagram demonstrates the process of legisiative strikes. In the first image, the
applicants chosen to be struck are shown in lighter colors. In the second image, the struck applicants
have been removed.
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3.4. Final Commission Selection

Once the legislative strikes are complete, a final, appropriately diverse commission
must be randomly selected from the remaining qualified applicants in the three party
affiliation subpools. Our exemplar bill explicitly specifies that 4 commissioners must be
selected from each of Subpools 1 and 2 (applicants registered with each of the two
largest parties in the state, by voter registration), and that 3 commissioners must be
selected from Subpool 3 (unaffiliated and third party applicants). Specifics of the other
demographic diversity requirements (gender, race, and geography) are not written into
this bill, but could be added by later legislation, with appropriate adjustments specified
to account for changing population demographics. The details of an appropriate
commission selection method to achieve desired representation targets could depend
strongly on local conditions and priorities in each state, but most reasonable diversity
goals can be made workable by combining weighted random sampling with repeated
drawing and replacement of possible candidate commissions.

As before, weighted random sampling can be used to ensure that the average and most
likely outcomes of a single attempt at commission selection will have the desired
diversity characteristics. However, if we have minimum or maximum representation
thresholds for any particular demographic group, any particular candidate commission
might, by sheer random chance, fail to meet those targets. For example, if we want at
least 1 of the 11 commissioners to be black, and so weight our commission sampling
procedure to ensure that we have a 1/11 chance of picking a black commissioner with
each selection, we will end up with 0 black commissioners more than ¥ of the time.
Even if we boost the chance of selecting a black commissioner to 2/11, we will still end
up with a commission lacking any black commissioners more than 10% of the time.
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Candidate commission selection: This diagram shows the results of randomly selecting 11
commissioner candidates from the final, post-strike subpools. The demographics of the candidate
commission can be checked against any desired minimum or maximum representation targets and, if one
or more tests are failed, the candidates can be returned to the pool and a new random selection
generated, repeating until the chosen criteria are fulfilled. This process can be performed extremely
quickly and, under our test conditions, always found a satisfactory commission in less than a minute.
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Fortunately, the risk of “failing” desired diversity thresholds in this fashion turns out to be
very easy to mitigate. After using weighted (or even unweighted) random sampling to
choose a candidate 11-member commision, we simply test the proposed commission
against any desired diversity thresholds and caps, and then discard the commission and
draw a new one if it fails one or more tests. One possible set of thresholds/caps
corresponding to the Pennsylvania representation guidelines described above might be
as follows:®

e Atleast 5 and no more than 6 each of men and women
At least 3 and no more than 4 commissioners from each of Western, Central, and
Eastern PA

e Atleast 3 and no more than 4 commissioners from each of rural, suburban, and
urban PA

e Atleast 1 commissioner identifying with each of the following three racial groups:
black, white, other race

e Atleast 1 commissioner identifying with each of the following two ethnic
designations: Hispanic or Latino, not Hispanic or Latino

e Atleast 1 commissioner from third party/unaffiliated delegation must be
unaffiliated, and no more than 1 commissioner may be affiliated with each third

party

The cycle of drawing, testing, and discarding candidate commissions can be performed
extremely quickly with appropriate software, and all draws can be logged for auditing
purposes. Care taken in structuring the previous stages of the random selection
process will ensure sufficient diversity in the final subpools to enable quick discovery of
an appropriately diverse commission, with no potentially-partisan human intervention
required. In tests performed on hundreds of sets of randomly selected subpools (with
strikes), using the above representation thresholds/caps, this process never failed to
produce a satisfactory commission and always did so in under a minute, running on an
ordinary laptop computer. The procedures we used to perform these tests are not
complicated for competent professionals in the relevant fields to design or understand
and can be easily audited without requiring any esoteric competencies.

® As previously noted, these representation criteria are only an illustrative example. Legislative and
administrative processes in each state would determine the actual criteria that should be used in practice,
and any chosen set of criteria would likely require regular updating to track the changing demographics of
the state.
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4. Conclusion

With a sufficiently large, varied, and well-vetted applicant base, random selection of a
qualified and diverse redistricting commission can be done extremely quickly, with the
assistance of relatively simple computer software operating on an ordinary desktop or
laptop machine. Legislators can easily set the conditions for this process to function
effectively, by:

Specifying an appropriately rigorous process to assess applicant qualifications,

e Monitoring applicant numbers and diversity to detect needs for targeted
recruitment,

e Mathematically reweighting randomized selection procedures to produce
appropriately diverse subpools for final commission selection, and

e Using weighted random sampling and draw-and-replace procedures during final
commission selection to satisfy representation balance targets, thresholds, and
caps.

These procedures can help ensure that congressional and legislative districts will be
drawn by a highly-qualified and diverse group of citizens who, instead of being beholden
to narrow political interests, will represent and be accountable to the people of the entire
state.
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A. Technical Appendix

In this appendix, we describe the details of the simulated Pennsylvania population
model and exemplar selection procedures supporting the results presented in the main
text. Our computer code and the population data used are available upon request. All
of our work relies only on free, open-source tools and datasets, none of which require
special licensing. Our code was written in the Python and Octave programming
languages, both of which are commonly used in technical fields.

A.1. Population model

The exemplar legislation discussed in this report’® specified that the proposed
independent redistricting commission must “reasonably reflect the racial, geographic,
and gender diversity of this Commonwealth”, as well as that the commissioners have a
balanced distribution of party registration. The need to satisfy all of these diversity
requirements simultaneously, while still ensuring meaningful randomness in the
commission selection, has the potential to be technically challenging, especially when
one accounts for the fact that different demographic factors are often strongly correlated
with each other and with party registration. Thus, when testing whether it is feasible to
perform commission selection in the manner described in the bill, it is useful to have a
reasonably realistic modei of the distribution of relevant diversity characteristics
amongst the population of the state for which the legislation is being proposed
(Pennsylvania), and of the correlations of those characteristics with each other and with
party preferences.

Our population model is somewhat heuristic in its present state and could easily be
refined with use of more comprehensive and detailed demographic and political
datasets. However, its purpose in the current context is not to provide a precise report
of Pennsylvania demographics, but rather to serve as the basis for a “worked example”
of random-but-diverse commission selection from an applicant population that has
similar challenges to those which might be expected to be present in a real state
population.

For this purpose, we created a “virtual Commonwealth” of 10 million “synthetic voters”
(approximately the number of voting-eligible citizens in Pennsylvania). These synthetic

° Pennsylvania General Assembly, 2017-2018 Session, SB 22 (Printer’'s No. 397) and HB 722 (Printer’s
No. 1671)
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voters are assigned demographic characteristics as listed below. These characteristics,
and the categories listed for each characteristic, were selected based on concerns
raised by interested individuals during the ongoing Pennsylvania redistricting reform
process. Many additional characteristics and alternative categorization structures might
be worth considering. The most appropriate choices in this area would properly be the
subject of targeted demographic studies and enabling legislation. With that said, the
demographic characteristics and categorizations used for our modeling were:

Gender (male or female)

Region of the state (resident in western, central, or eastern Pennsylvania)
“Urbanness” (resident in rural, suburban, or urban Pennsylvania)

Race (white, black, or other race)

Hispanic/Latino ethnicity (yes or no)

Party registration (affiliated with the Republican Party, the Democratic Party,
minor party A, minor party B, minor party C, or no party)

The “virtual Commonwealth” is a rectangular “state” with four large “cities”. The “city”
locations and synthetic voter populations roughly correspond to those of the four largest
Core-Based Statistical Areas (CBSAs) in the state: Philadelphia (4 million), Pittsburgh
(2.5 million), Harrisburg (1.2 million), and Erie (300,000), overlaid on a uniformly
distributed “rural” population base of 4 million. The “state” is divided into a grid of 9 X
18 squares (numbered 0-8 from north to south and 0-17 from west to east on the “map’
below). Each “city” initially occupies a single grid square, and the population distribution
is then mathematically “blurred” to spread its population into the surrounding squares,
creating “suburbs” in the squares immediately adjacent to the “city”. The “state” is
evenly divided by area into “western” (grid squares 0-5), “central” (squares 6—11), and
“‘eastern” (squares 12-17) regions. A map of the “state” is shown below. Darker blue
regions have lower population density, and higher population densities are shown in
greens and yellows.
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Gender is assigned to each synthetic voter completely at random (50% male, 50%
female). Synthetic voter racial and ethnic identifiers are also randomly assigned based
on the racial/ethnic demographics of representative rural, urban, and suburban regions
of the state.”” Generally speaking, the proportion of white, non-Hispanic voters is
highest in the rural areas and lowest in the urban areas.

In the present version of the model, party affiliation is chosen randomly using
correlations between race and party preference only'?, as this correlation is by far the
strongest across all demographic factors considered. Other demographic correlations
could also be addressed using data sources that better differentiate the relationships
amongst the demographic factors under consideration.

The party preference data used reports voter self-identification, as well as the party
“lean” information for self-identified independents. As Pennsylvania has closed
primaries, most self-identified independents do in fact choose to register with one or the
other major party, so the Republican and Democratic lean categories were also treated
as corresponding to Republican or Democratic registration. The category of
independent voters who self-identified as having no lean was treated as corresponding
to unaffiliated/third party registration, with those voters assumed to be equally
distributed amongst our three simulated minor parties and unaffiliated status. This
assignment actually somewhat underrepresents unaffiliated and third party voters
relative to their true prevalence in Pennsylvania. The fact that we are nevertheless able
to easily generate virtual redistricting commissions satisfying demographic criteria
originally proposed for the real Commonwealth of Pennsylvania demonstrates the
strength of our reweighting methodology.

A.2. Reweighting methodology

If a random 11-person commission were drawn from the synthetic population described
above, its average membership would be:

e 5.0 Republicans, 5.5 Democrats, 0.125 unaffiliated, 0.125 minor party A, 0.125
minor party B, 0.125 minor party C

"' Suburban demographics source (Montgomery County):
https://www.census.gov/quickfacts/fact/table/montacmerycountypennsylvania/PST045216

Urban/rural demographics source:
hitps://pasdc.hbg.psu.edu/sdc/pasdc files/researchbriefs/Urban Rural SF1 RB.pdf

2 Race/party preference correlations source:
hitp://www.people-press.org/2015/04/07/2014-party-identification-detailed-tables/
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5.5 men, 5.5 women

3.9 western PA, 2.5 central PA, 4.6 eastern PA residents

3.1 rural, 3.9 suburban, 4.0 urban residents

9.2 white-identified, 1.0 black-identified, 0.8 other race-identified
10.5 not Hispanic/Latino-identified, 0.5 Hispanic/Latino-identified

Our example commission representation target, as discussed in the main text, is:

4 Republicans, 4 Democrats, 1 unaffiliated, 2 additional unaffiliated/third party
5.5 men, 5.5 women

3.66 western PA, 3.66 central PA, 3.66 eastern PA residents

3.66 rural PA, 3.66 suburban PA, 3.66 urban PA residents

9 white-identified, 1 black-identified, 1 other race-identified

10 not Hispanic/Latino-identified, 1 Hispanic/Latino-identified

Even if the demographics of our applicant pool match those of our “virtual
Commonwealth” (definitely not something that can be relied upon!), unweighted random
selection of the commission from such an applicant pool will tend to result in
lower-than-desired representation of third party/unaffiliated voters, central and rural
Pennsylvanians, and non-white or Hispanic/Latino Pennsylvanians.

The exemplar bill specifies that rebalancing of party affiliation demographics will be
performed in part by the random selection of one 40-member subpool for each of three
categories of party affiliation (largest party, second-largest party, unaffiliated/third-party
voters). However, it is also important to ensure that each of these 40-member subpools
is sufficiently demographically varied to allow the creation of an appropriately diverse
commission at the final selection stage. To accomplish this end, we can use weighted
random sampling to select subpools that match the desired demographics of the final
commission, rather than those of the applicant pool.

The weightings are computed as discussed in the marble sampling example in the main
text. Each commissioner begins with one virtual “raffle ticket”. Commissioners
demographically underrepresented in the applicant pool (which, for our example, we will
take to be the entire “virtual Commonwealth”), are given additional “tickets” so that the
total number of tickets assigned to each demographic category matches the average
proportional representation level we would like to ensure in that category. Then, the
final ticket counts are divided by the total number of tickets that have been handed out,
in order to assign individual selection probabilities to each commissioner.

23



For example, 4059 of the voters in our virtual Commonwealth are white Hispanic
women from rural western Pennsylvania who are registered as Democrats. These
women constitute a fraction of 0.000818 of all Democrats in our sample. \When
reweighting applicant selection probabilities we want our Democratic subpool to be
approximately 1/2 women, 1/3 western, 1/3 rural, 9/11 white, and 1/11 Hispanic/Latino,
S0 one reasonable reweighting is to multiply all of these probabilities together to get the
desired fraction of these women in the subpool, which will be approximately 0.00413.
Thus, each of these women should be given approximately 0.00413 / 0.000818 =5.05
“tickets”. On the other hand, white non-Hispanic men from urban eastern Pennsylvania
constitute 0.0571 of all Democrats in our virtual Commonwealth, even though our
reweighting computation suggests an optimal representation of 0.0413 for this group in
each subpool. Thus, each applicant in this category should be given approximately
0.0413/0.0571 = 0.724 “tickets”.

An even simpler way to perform the reweighting computation is to note that each
applicant’s individual selection probability should just be the target fraction of
commissioners in their demographic category divided by the total number of applicants
in that demographic category. Applying this to the white Hispanic Democratic rural
western woman from the example above, we can see that her weighted selection
probability into her party subpool should be (9/11 * 1/11 * 1/3 * 1/3 * 1/2) / 4059 = 1.02
X 10, while her unweighted selection probability would have been only 2.02 X 107.
Similarly, a white non-Hispanic Democratic urban eastern man would have a weighted
selection probability of 1.46 X 107, compared to his unweighted selection probability of
2.02 X 107,

An empirical test drawing 100 different sets of three 40-member party affiliation
subpools from our virtual Commonwealth using this weighting scheme results in
subpools consisting on average of:

e 59.23 men and 60.77 women

e 39.26 western PA, 40.34 central PA, and 40.40 eastern PA residents

e 39.84 rural PA, 40.28 suburban PA, and 39.88 urban PA residents

e 97.74 white-identified, 11.09 black-identified, and 11.19 other-race-identified
applicants

e 108.97 not Hispanic/Latino-identified and 11.03 Hispanic/Latino-identified
applicants

These results closely match our specified target subpool demographics.

24



A.3. Legislative strike model

With the 40-member party affiliation subpools selected, the legislative leadership are
then permitted to make up to 8 total arbitrary strikes from each subpool, reducing the
subpool sizes to no fewer than 32 applicants each. It is essentially impossible to predict
in advance how these strikes might proceed, either in terms of the number of strikes
made or any possible demographic tilt. For the purpose of the present tests, the
number of strikes and the identities of the struck applicants were therefore chosen with
a uniform random probability — anywhere from 0 to 8 applicants might be struck from
each pool, and each applicant in a given pool would have an equal chance of being
struck.

Because of the choice to distribute strikes uniformly (on average), the mean
demographic composition of the post-strike subpools is unaffected by our simulated
strike process. Any particular set of strikes nevertheless has the potential to introduce
significant demographic distortions in one or more subpools. Perhaps somewhat
surprisingly, in all of our testing, such distortions never once resulted in the creation of
post-strike subpools for which it was impossible to satisfy our example representation
targets. This becomes somewhat less surprising when one considers that, even for the
rarest demographic categories in our subpools, our target subpool distributions are such
that it is extremely unlikely that unbiased strikes will simultaneously remove all
members of that demographic category from all three subpools, even if all or most are
eliminated from one subpool.

Strongly biased strikes could nevertheless present a problem in meeting representation
guidelines for some of the less-populated demographic categories. However, if such a
problem occurs it can easily be remedied by strategies like those discussed in the main
text: protective overrepresentation of rare categories in the subpools, extra draws after
the strike phase to fix any serious subpool diversity problems, or a do-over of all or part
of the subpool creation process in the case of an unusable result.

A.4. Final commission selection

After the random strikes are compiete, there are a few different possibie ways one can
randomly select the final commission from the remaining applicant subpools to achieve
desired representation targets. If one is not particularly concerned about the possible
effects of unlucky subpool draws or biased legislative strikes on the composition of the
post-strike subpools, and no specific minimum or maximum representation criteria are

25



required, one can simply give all applicants in each party affiliation subpool an equal
selection chance, draw the specified number of commissioners from each subpool, and
accept whatever the result may be. With our current simulation methodology, the
average resulting commission will have exactly the same statistical balance we set as
our target for the subpool selection phase, but the variance in representation of different
groups can be significant.

This is true even if we perform a new reweighting step before the final commission
selection (using the same methodology as for the subpool creation). In 100 commission
selection trials by this method, the mean and standard deviation of each group’s
representation were:

5.48 + 1.66 men, 5.52 + 1.66 women

3.66 + 1.39 western PA, 3.66 + 1.53 central PA, 3.66 + 1.59 eastern PA residents
3.66 + 1.48 rural PA, 3.66 + 1.49 suburban PA, 3.66 + 1.49 urban PA residents
8.99 * 1.54 white-identified, 0.93 + 0.96 black-identified, 1.08 + 0.97 other
race-identified

e 9.96 + 1.85 not Hispanic/Latino-identified, 1.04 £ 0.91 Hispanic/Latino-identified

(In these tests, we did not track the party affiliation distribution within the 3-member
unaffiliated/third party delegation.)

These standard deviations are large enough that it will often be the case that one or
more of the lower-prevalence demographic groups fail to achieve any representation at
all on a commission selected by such a method. This concern can be alleviated
somewhat by deliberately increasing the selection weights assigned to threatened
groups at the subpool creation and final commission selection stages, but, as discussed
in the main text, even doubling selection weights can still leave a significant chance for
lack of representation.

Fortunately, it is possible to avoid this problem almost entirely using a draw-test-retry
scheme. The process is conceptually very simple. First we choose a candidate
commission at random from the three post-strike subpools and check whether it
satisfies the minimum/maximum representation requirements. [f the demographics of
the candidate commission are satisfactory, it becomes the final commission. If not, the
applicants are placed back in their respective subpools, and a new random draw is
attempted. This process is repeated until a satisfactory commission has been drawn.
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With the draw-test-retry procedure, it hardly matters whether we bother to reweight the
candidate selection probabilities after legislative strikes or not. The draws and tests can
be performed incredibly quickly, at a rate of hundreds per second, on an ordinary laptop
computer. In all of our testing, this always resulted in rapid generation of an acceptable
commission, even when using the relatively stringent and complex example
representation criteria discussed in the main text, i.e.:

@ Atleast5 and no more than 6 each of men and women
At least 3 and no more than 4 commissioners from each of Western, Central, and
Eastern PA

o Atleast 3 and no more than 4 commissioners from each of rural, suburban, and
urban PA

e Atleast 1 commissioner identifying with each of the following three racial groups:
black, white, other race

e Atleast 1 commissioner identifying with each of the following two ethnic
designations: Hispanic or Latino, not Hispanic or Latino

e Atleast 1 commissioner from third party/unaffiliated delegation must be
unaffiliated, and no more than 1 commissioner may be affiliated with each third
party

Across 100 different sets of sample subpools drawn from our *“virtual Commonwealth”,
the methodology described in this report never resulted in a single case where it was
impossible to randomly generate a commission satisfying these criteria, and the
generation process never took more than a minute. This suggests that even if for some
reason a particular set of subpools did pose difficulties, such that the selection
procedure continued to run for minutes or hours without producing a usable result, the
problem would be trivial to resolve. One could simply randomly select a few more
applicants from the original party affiliation pools to bolster any demographics with low
representation in the post-strike subpools, and then run the commission selection
procedure again, to almost certain success.

A.5. Logging and Auditing

c£ach siage of the process described above, inciuding the outcome of every single
random choice, can easily be recorded as it is happening and checked later to confirm
that its results match the reported selection outcome. If full, independent reproducibility
is desired, the procedure can be designed to accept a single large random number to
be selected in a public, transparent, and difficult-to-manipulate fashion (such as with a
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lottery machine). This random number can then be used to control all later random
choices made in the program by using it as the initiating seed for a well-chosen
pseudorandom process. (This is a standard randomization procedure used in many
computing applications.)

Independent auditors can then confirm that the commission selection process was not
manipulated simply by obtaining a copy of the commission selection code and applicant
demographic database and plugging in the random seed generated for selection of that
commission. By inspecting and running the code and comparing their logs and results
to those produced during the official selection process, auditors can confirm that the
random selection was performed fairly and well.
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