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Abstract

We propose a method for tracking policy ideas in legislation. In
the US Congress, only a very small proportion of bills become law.
Surviving bills likely serve as vehicles for policy ideas originating in
other bills, but there is currently no reliable way to learn when this
occurs. Using the legislative history of the Patient Protection and Af-
fordable Care Act as our test bed, we investigate whether ”text reuse”
methods can help to shed additional light on policy development and
lawmaking. In particular we ask whether lawmaking is more inclusive
when judged in terms of the progress of ideas rather than the progress
of bills.
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1 Introduction

An irony of the Patient Protection and Affordable Care Act (Obamacare) is

that one of its key provisions, the individual insurance mandate, has conser-

vative origins.1 In Congress, the requirement that individuals to purchase

health insurance first emerged in Republican health care reform bills intro-

duced in 1993 as alternatives to the Clinton plan. The mandate was also

a prominent feature of the Massachusetts plan passed under Governor Mitt

Romney in 2006. According to Romney, “we got the idea of an individual

mandate from [Newt Gingrich], and [Newt] got it from the Heritage Foun-

dation.”

To date, systematic studies of lawmaking in Congress have focused almost

exclusively on the progress of bills. Yet most bills never become law, and the

versions of those that do often evolve to the point that the enacted version

of a bill is substantially different from the one that was introduced. What is

needed is an approach to tracing the progress of the policy ideas lawmakers

propose, rather than just the progress of their bills.

We begin by discussing why attention to policy ideas can be informative. We

then approach the tracing of policy ideas as scholars in other fields approach

plagiarism detection and genetic matching. Whether these methods will also

work to capture policy ideas is an unanswered question. A central focus is on

validation. We develop a gold standard dataset of human-labeled cases, and

1http://www.forbes.com/sites/aroy/2012/02/07/the-tortuous-conservative-history-of-
the-individual-mandate
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then assess performance using out-of-sample prediction. Lastly we illustrate

the method’s potential by tracing the legislative origins of ideas found in

the Patient Protection and Affordable Care Act (PPACA).

2 Policy Ideas in Legislation

How often do laws incorporate policy ideas originally proposed in other bills?

How often do laws sponsored by members of one party include ideas proposed

by members of the other party? Are ideas more likely to be shared in the

House or Senate, or in some committees? Which legislators’ ideas get picked

up and why? How have political developments, such as increasing partisan

polarization altered this policy development process? These questions have

never been investigated because they require a method for systematically

tracing policy ideas in legislation.

Examples of the potential value of such a method are easy to come by:

• As introduced in 2009 HR 3590 was six pages long and promoted

veteran home ownership. As enacted in 2010, HR 3590 was over 900

pages in length and reformed the US health care system.

• The USA Patriot Act Reauthorization of 2005 contained numerous

provisions having nothing to do with terrorism, such as Title VII, the

Combat Methamphetamine Epidemic Act, and section 121, modifying

the definition of contraband cigarettes.

• A bill proposing a tariff on imported wool trousers, sponsored by

3



Tracing Policy Ideas Wilkerson, Smith, Stramp

Democratic Representative (Martin Meehan-MA), died in the House

Ways and Means Committee in 1999. Later the same year, Congress

passed a law sponsored by the chairman of Ways and Means that in-

cluded an identical provision.

Bills are best thought of as “vehicles” for policy ideas (Adler & Wilkerson

2012). Many if not most important bills are largely drafted by commit-

tee staff under the supervision of the committee or subcommittee chair

(Evans 1991, Kaiser 2013). The substance of these bills reflects input from

a variety of sources other than the bills named sponsor. Furthermore, bills

evolve. The popular view of lawmaking sees this evolution as a policy refine-

ment process the original proposal is scrutinised and edited to address its

shortcomings. But bills evolve for other reasons as well. Provisions are added

as lawmakers try to address vexing policy problems, engage in logrolling, or

capitalize on ”must act” procedural opportunities (Krutz 2001).

The linear “legislative process” perspective taught in civics courses fails to

capture the twists and turns of many policy proposals in Congress. The bill

that served as the vehicle for the Patient Protection and Affordable Care Act

(aka Obamacare) was HR 3590 (Figure 1). However, most of the markup

activity related to health care reform occurred in the House over a three

month period (July-September 2009) as three committees considered and

reported a different bill, HR 3200. But instead of passing this bill, the House

passed HR 3962, a bill subsequently introduced by Speaker Pelosi. The

Senate never considered HR 3962 however. Its relevant committees reported
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their own bills (S1679 and S 1796) which also never made it to the floor.

Ultimately the Senate took up a bill relating to veterans home ownership

passed earlier by the House (HR 3590), stripped its content, and inserted

health care reform legislation. The House accepted HR 3590 as amended

by the Senate without changes and the PPACA became law. However then

House then followed up by passing another bill (HR 4872) that included

desired changes that did not make it into HR 3590.

Clearly, approaches that focus on the progress of individual bills miss im-

portant dynamics of lawmaking. Our goal is to begin to explore whether it

is possible to systematically study the progress of ideas in legislation.

5
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HR&&3962&IH&
Oct&29,&2009&

S&1679&IS&and&RS&
Oct.&17,2009&

S&1796&IS&and&RS&&
Oct&19,2009&

HR&3590&IH&
Sept&17,&2009&

HR&4872&IH&and&
RH&

Mar.&17&2010&

HR&&3962&PH&
Nov.&7,&2009&

HR&3590&PH&
Oct&8,&2009&

HR&3590&&(PPACA)&
&PS&Dec&24,&2009&

HR&3590&&(PPACA)&
Agreed&to&House&
Mar&21,&2010&

HR&4872&PH&
Mar.&21&2010&

HR&4872&PS&&
Mar.&25&2010&

&2009 & & & & &&&&&&&&&&2010&

HR&&3962&PS&
June&18&2010&

Note:&The&shaded&cells&indicate&bills&&substan)vely&related&to&health&care&reform.&For&example,&HR&3590&as&introduced&was&about&home&loans&
for&veterans.&AVer&the&House&passed&HR&3590,&the&replaced&the&bill’s&content&with&its&version&of&the&PPACA.&&Similarly,&&the&Senate&used&HR&
3962,&originally&the&House&version&of&&health&care&reform,&as&the&vehicle&for&a&different&set&of&policies&&once&HR&3590&was&enacted.&

IH,&IS&–&Introduced&House,&Senate&
RH,&RS&–&Reported&House,&Senate&
PH,&PS&–&Passed&House,&Senate&

Figure 1: Bills Providing Major Policy Contributions to Health Care Reform in the 111th Congress
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2.1 Operationalizing the Policy Idea

Policies are a legislature’s most important products. Yet policy substance

has received limited attention in legislative studies.2 Legislative schol-

ars study ideology, voting patterns, agenda setting and many other top-

ics because of their implications for policy outputs (Shepsle & Weingast

1987, Krehbiel 1998, Poole & Rosenthal 2000, DeGregorio 1999, Cox &

McCubbins 2005, Baumgartner et al. 2009). Even research on legislative pro-

ductivity and policy reversals devote limited attention to policy substance

(Mayhew 1991, Krehbiel 1998, Binder 2003, Clinton & Lapinski 2006, Maltz-

man & Shipan 2008, Berry, Burden & Howell 2010). Although scholars

have also long been interested in legislator effectiveness (Volden, Wiseman

& Wittmer 2013, Hasecke & Mycoff 2007, Krutz 2005, Anderson, Box-

Steffensmeier & Sinclair-Chapman 2003, Ainsworth & Hanson 1996, Schiller

1995), nearly all of their studies gauge effectiveness in terms of bill progress,

leading to the not surprising finding that committee chairs and majority

party members are by far the most effective legislators. 3 Policy agenda

setting research portrays policy change as an event driven process where en-

trepreneurs capitalize onlegislative “windows of opportunity.” Yet little of

this research systematically traces how much opportunity different windows

afford (Walker 1977, Kingdon 1995, Baumgartner & Jones 1993).

We hope to be able to shed new light on policymaking by tracing the progress

2for recent exceptions see (Burstein, Bauldry & Froese 2005, Ryan & Wojcik 2013,
Huberty 2013)

3Miquel and Snyder (2006) is a noteworthy exception that relies on surveys of effec-
tiveness for the North Carolina legislature.
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of policy ideas in legislation. The term ”policy idea” is admittedly amor-

phous. In this paper, we operationalize it in a limited, technical way. We

also do not address the broader question of where ideas come from, an im-

portant area of existing research (Schulman 1988, Quirk 1988, Legro 2000).

Finally, we limit our attention to tracing ideas within the legislative process,

and do not consider the important question of where lawmakers get their

ideas.

Our motivation for tracing policy ideas is nicely illustrated in Walker’s

(1977) description of the development of automobile safety legislation in

the 1960s, when two junior senators sponsored legislation that attracted the

interest of a senior senator:

By the time traffic safety legislation reached the stage of serious

formulation and debate in 1966, its original sponsors had been

pushed aside by Senators better placed to create a winning coali-

tion. Senators Ribicoff and Gaylord Nelson, both of whom had

pressed for the legislation in the early stages, were displaced by

Warren Magnuson, the powerful chairman of the Senate Com-

merce Committee. Under his leadership a legislative victory was

achieved against the determined opposition of powerful industrial

interests - a result that few Senate insiders would have predicted

when debate began on the issue (Walker 1977, 435).

Such idea recycling seems to be common enough that norms govern when
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it is acceptable: “Often, members will pick up old pieces of legislation and

sponsor them anew, especially if a member has retired or the bill has been

gathering dust for years.” But, said one staffer “’[y]ou don’t take someone

else’s stuff without asking.”4

The challenge is to systematically detect when idea recycling occurs.

Burstein et al (2005) use the bill summaries prepared by the Congressional

Research Service (CRS) (http://thomas.loc.gov) to trace the progress of

a pre-selected set of 40 policy proposals across time. They assume that two

bills propose the same thing when their summaries are “virtually the same.”

CRS also lists “related” bills deemed to be important sources of substance

in a bill or law. Unfortunately, it is not always evident which version of a

bill is being related or summarized, given that bills evolve. For the PPACA,

half of the related bills are about home mortgages, while the other half are

about health care.

Our approach is to focus on legislative text. We assume that two bills share

a policy idea when they share similar text. Of course, this raises many

questions about whether similar text does actually capture shared policy

ideas. This paper constitutes an early cut at the question.

4“Joe Walsh Takes Without Asking” http://www.politico.com/news/stories/0712/

79101.html
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2.2 Bill Sections as ideas

Congressional bills have a structure that closely matches the objectives of

this project: “almost always, from the earliest days of the Republic, the

text of a law, if divided at all, has been divided into sections” (Bellis 2008).

According to convention, each bill section “shall contain, as nearly as may

be possible, a single proposition of enactment.” Focusing on the bill sec-

tion makes conceptual sense. It also helps to address the computational

challenges associated with comparing the text of so many bills.

Figure 2 illustrates a textual comparison of two sections from two bills. The

text in the figure is a merger of Section 2 of the Methamphetamine Precursor

Control Act of 2005 (H.R. 1056 - introduced March 2, 2005 by Democratic

Representative Darlene Hooley (OR)); and Section 721 of the USA Patriot

Act Improvement and Reauthorization of 2005 (HR 3199 - introduced July

11, 2005 by Republican Representative James Sensenbrenner (R-WI)). The

highlights indicate text that is unique to one section (the green text is found

only in H.R. 1056; the yellow in HR 3199). The non-highlighted text is

shared.

In our view the shared text clearly conveys a shared policy idea, giving

the Attorney General greater regulatory control over the importation of

chemicals used to manufacture meth. This seems to be an example of an idea

sponsored by a minority party member being incorporated into a majority-

sponsored law. The only other bill containing similar language (HR 3889)

was introduced more than three months after H.R. 1056.

10
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Figure 2: Textual Comparison of Different Versions of the Same Policy Idea
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Congressional bill texts are digitally available from 1989 to the present,

over 100,000 introduced bills along with multiple versions for many of them.

Our goal in this paper is to ask whether provisions of the PPACA can be

traced to other bills introduced in the 111th Congress (2009-10). We first

scraped all versions of all 10,000 plus bills in this Congress,5 before parsing

the substantive sections (excluding other textual elements as short titles,

tables of contents, authorization of appropriations etc.). These 119,704 bill

sections are the focus of the current paper.

3 A Text Reuse Approach to Tracing Policy Ideas

The Combat Meth Act example illustrates that what is needed is a method

that can reliably detect shared policy ideas without requiring exact language

matching. As Burstein et al. (2005) succinctly put it: “How similar in

content must bills be, to be viewed as manifestations of the same policy

proposal? When bills are identical, this is no problem. And when they

are very different, it is no problem either” (Burstein, Bauldry & Froese

2005, 296). We draw on a longstanding computer science research agenda

examining “text reuse” in documents (Brin, Davis & Garćıa-Molina 1995,

Büchler et al. 2010). A familiar application is the plagiarism software used

to compare students submissions to other documents (Hoad & Zobel 2003)

but text reuse methods have broad application.6

5http://www.gpo.gov/fdsys/browse/collection.action?collectionCode=BILLS
6They are used in informational retrieval (search algorithms) to identify duplicate

queries. Communications scholars use them to study the diffusion of memes. Digital
humanities scholars use them to trace references to authors or classic texts in literature.
Music scholars use them to investigate rhythmic patterns and (potentially) to identify

12
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Importantly however, whereas plagiarism software is typically used to isolate

cases warranting human inspection, we eventually hope to avoid human

follow-up by demonstrating that automatically generated similarity scores

are predictive of shared policy ideas. This will allow us to study policy ideas

in ”big data” fashion.

3.1 Detecting Candidate Section Pairs

A brute-force approach to text reuse detection would entail comparing the

text of every bill section to every section of every other bill. For the 10 Con-

gresses we hope to analyze, this would mean more than 500 billion compar-

isons of sometimes lengthy sections. With collections of this size, achieving

the right balance between accuracy and speed is essential. We first describe

a more efficient method for reducing candidate section pairs, and then a less

computationally expensive method for comparing the substance of those

paired sections.

When applied to text, many machine learning algorithms perform quite well

with “bag of words” features. The input to the classifier is simply the pres-

ence or frequency of each distinct word in the text, regardless of the order in

which those words occur. For text reuse detection, more sequence informa-

tion is generally helpful, but sequence information is also computationally

costly.

One compromise solution we explored was a “bag of n-grams” representa-

composers.

13
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tion, which records the count of sequences of 2, 3, 4, etc., characters or

words in a section. In a pilot experiment, we computed Dice coefficients

(Dice 1945) for each section pair. This measure of similarity is based on

the proportion of character bigrams two sections share and required just a

day on an ordinary laptop to complete all 10 Congresses. In contrast, a

pilot experiment using an off the shelf repeated n-gram plagiarism package

(WCopyFind) was estimated to require more than 2,000 hours to complete

the 111th Congress on an Amazon EC-2 single instance server, and 30 years

to complete all ten.7

Algorithmic shortcuts and parallel computing can help to address these com-

putational challenges. We first reduce the number of section pairs to be

compared to those that pass a minimal overlap threshold.

We build an inverted index of all the repeated word n-grams in the corpus.

We then use the two-pass space-efficient algorithm described by Huston,

Moffat —& Croft to filter sections that are unlikely to share substantive

content with other sections.(2011) In a first pass, n-grams above a threshold

are hashed into a fixed number of bins. On the second pass, n-grams that

hash to bins with just one occupant are discarded.8 For this experiment, we

limit consideration to n-grams equal to or greater than 10.

Once we have a list of sections for each distinct n-gram (10 or greater), we

7WCopyFind offers corner cutting options pairs) using an off-the-shelf was estimated
to to speed up processing, but after selecting these options the 111th Congress job was
still running after a week. http://plagiarism.bloomfieldmedia.com

8Due to hash collisions, there may still be a small number of singleton n-grams that
reach this stage. These singletons are filtered out as the index is written.

14
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output all section pairs in each list.9 We then sort the list of repeated n-

grams by document pair to assign a score based on the number of overlapping

n-grams. Lastly, we retain only those section pairs that (in the current

experiment) contain at least 5 overlapping n-grams.

For the 119,704 bill sections in the 111th Congress corpus, this n-gram

indexing process reduced the candidate section pairs from about 7 billion to

1.6 million, or to just 0.02% of the original number.

3.2 Aligning Bill Sections

In terms of how the similarity of bill section pairs might be judged using a re-

peated n-gram approach, there are two main options. One is to compare the

overall similarity of the two sections. The other is to identify and compare

the similarity of shared subsequences within the two sections. The former

corresponds to a “global” alignment approach(Needleman & Wunsch 1970)

where the boundaries of the aligned text are preset. The latter corresponds

to a “local” alignment approach where the boundaries are endogenously

determined (Smith & Waterman 1981).

We opt for a local alignment approach because it seems best suited to our

objective of isolating shared policy ideas. In the meth example of Figure 2,

the overall sections of the two bills differ in many respects, including over

length, suggesting a low global alignment score even though they contain a

9For the current analysis, we suppress repeated n-grams that appear in different sec-
tions of the same version of a bill, and n-grams that occur more than 100 times (on the
assumption that frequent n-grams are common idiomatic expressions).

15



Tracing Policy Ideas Wilkerson, Smith, Stramp

shared policy idea.10 A local alignment approach, in contrast, focuses atten-

tion on what the two sections texts share in common - the non-highlighted

text that is shared across the two documents. In addition, if a section con-

tains two distinct policy ideas, a local alignment approach is also more likely

to treat them as distinct. This allows for the detection of instances where

text from two or more sections of an earlier bill ends up in a single section

of a later bill (or vice versa). The appendix to this paper offers a detailed

description of the Smith Waterman local alignment algorith and how SW

alignment SWalign scores are computed.

Table 1 provides an example of a local alignment capturing a policy idea.

The dashes in each text indicate a relatively small number of character

mismatches or gaps (places where one of the texts contains additional char-

acters) within the aligned portions of the two bill sections. The text on the

right comes from the enrolled version of the PPACA (HR 3590). The text

on the left comes from a bill that never made it out of committee (S. 1244,

The Breastfeeding Promotion Act of 2009, sponsored by Jeff Merkley (D-

OR)). In this case the aligned text spanned just .59 and .55 of the respective

sections.

To speed up the process of aligning 1.6 million section pairs, we rely on

”massive parallelism.” On a five-year-old cluster of commodity servers, in-

dexing repeated 10-grams for the 111th Congress took just 10 minutes with

12-fold parallelism, detecting the 1.6 million candidate section pairs took 23

minutes with 8-fold parallelism, and performing Smith-Waterman alignment

10the Patriot Act section is also much larger than shown
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ing mothers a in general section 7
of the fair labor standards act—
—– 29 usc 207 is amended by
adding at the end the following
r 1 an employer shall provide—-
reasonable break time for an em-
ployee to express breast milk for
her nursing child for 1 year after
the childs birth each time such
employee has need to express the
milk the employer shall make
reasonable efforts to provide a
place other than a bathroom that
is shielded from view and free
from intrusion from coworkers
and the public which may be
used by an employee to express
breast milk– an employer shall
not be required to compensate
an employee—————————
———————– for any work
time spent for such purpose 2 for
purposes of this subsection the
term employer means an employ

ing mothers————- section 7
of the fair labor standards act of
1938 29 usc 207 is amended by
adding at the end the following
r 1 an employer shall provide a
a reasonable break time for an
employee to express breast milk
for her nursing child for 1 year
after the childs birth each time
such employee has need to ex-
press the milk and ——————
——————————b a place
other than a bathroom that is
shielded from view and free from
intrusion from coworkers and the
public which may be used by
an employee to express breast
milk 2 an employer shall not be
required to compensate an em-
ployee receiving reasonable break
time under paragraph 1 for any
work time spent for such purpose
3 ————————————–an
employer —-that employ

Table 1: A Local Alignment Example with a passage from S 1244
(Breastfeeding Promotion Act of 2009) on the left and the
PPACA on the right.

on these sections took 28 minutes with 50-fold parallelism.

3.3 Building the Train/Test Corpus

We are interested in whether SW alignment scores can be used to system-

atically predict the presence of shared policy ideas. As is standard practice

in supervised machine learning research, we construct a ”gold standard”

17
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human-labeled dataset to test prediction performance. Our train/test cor-

pus includes 3400 of the 19,241 alignments related to the PPACA, drawn

from alignments that make up at least 7 percent of one or both sections

(these are the top 50 percent of cases). The corpus also includes the SWalign

score for each section pair, the aligned texts, the differences between the

aligned texts, and details about each bill (such as date of introduction,

sponsor characteristics, committee of referral, etc).11

There are many potential reasons why objectively similar passages may be ei-

ther substantively unimportant or different. As we began to code, it became

clear that bills share a lot of language about mundane but necessary things,

such as defining terms, establishing effective dates, creating commissions,

calling for reports, and adjusting for inflation, etc. We call this non-policy

substance ”boilerplate.” Bill sections also often share similar short snippets

of text such as preambles that lack policy substance. Finally, two aligned

texts can differ in small but critical respects: both might propose similar

medical education programs but for different professions (e.g. pediatrics vs

dentistry).

Of interest is whether it is possible to systematically reduce false positives

and false negatives to the point where SWalign scores accurately predict the

presence of a shared policy idea. We (two of the co-authors and a graduate

research assistant) classified each alignment in the sample to only one of

11This ancillary information was concealed during the process of coding for shared policy
ideas.
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6 categories (see figure 3 below).12 Most of the alignments we classified

were boilerplate (category 5) or preambles and incomplete snippets (junk)

(category 6). Our working definition of a policy idea is based on human

judgment: The alignment must include a comprehensible description of a

policy objective.13 Instances of shared policy ideas (categories 1 and 2) make

up about 16 percent of the sample, while cases where the aligned passages

address different policy ideas make up slightly less. Finally, it is important

to note that we are labeling alignments, not overall bill sections.

Figure 3: Histogram of Human-labeled Alignments by Category

12Across the 6 categories interrater reliability (3 coders) was approximately 75 percent.
Our primary goal is to differentiate cases of shared policy ideas (categories 1 and 2) from
other cases (categories 3-6). For this task, interrater reliability was above 90 percent.

13This definition almost certainly omits some policy changes, such as those that simply
delete existing statutory language (e.g.“section 824 g of the foreign service act of 1980 22
usc 4064 g is amended in paragraph 1b by striking to facilitate the and all that follows.”
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3.4 Predicting Shared Policy Ideas

We anticipate that the main challenge is filtering false positives - cases with

high SWalign scores that are not policy ideas. We first train a supervised

machine learning algorithm (SVM) to predict boilerplate cases using the

3400 human labeled cases (Joachims 2002). Next we partition the human-

labeled cases into those containing shared policy ideas (1,2) and those that

don’t (3,4,6). We then predict shared policy ideas via logistic regression

using n-fold cross validation (including and then excluding predicted boiler-

plate cases). The only independent variable in the logistic regression is the

Smith-Waterman alignment score.

Table 2 reports the results of three experiments. The last set of results

are for the most complete method that first uses SVM to exclude predicted

boilerplate cases. Overall accuracy is 92 percent.14 Recall is 97.3 percent,

which means that true shared policy ideas are missed only 2.7 percent of

the time. Precision is lower, but false negatives are of less concern because

it is much easier to review the much smaller number of predicted cases of

shared ideas.15

14Because the sample is biased in favor of higher alignment scores, actual accuracy will
be higher.

15Many of these false positives are boilerplate cases that the initial SVM method failed
to detect. More training examples should help to address this.
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Point Estimate 95% Confidence Interval
Predicting Boilerplate language (SVM):
Percent Correctly Predicted 85.6 (82.4-88.2)
Precision: 76.5 (70.8-82.3)
Recall: 91.1 (87.8-94.0)

Predicting Shared Policy Ideas (Logistic Regression):
Percent Correctly Predicted: 87.4 (84.6-89.8)
Precision: 69.2 (59.0-78.4)
Recall: 90.9 (87.9-93.5)

Predicting Shared Policy Ideas Excluding Predicted Boilerplate (SVM and Logistic Reg.):
Percent Correctly Predicted: 92.0 (89.6-94)
Precision: 65.0 (55.1-74.3)
Recall: 97.3 (95.4-98.8)

Table 2: Results from N-fold cross validation (2900 train, 500 test)

4 Findings: Tracing the Policy Development of the PPACA

In this section we use the methodological approach described above to iden-

tify policy ideas in the enacted version of the Patient Protection and Afford-

able Care Act that are also found in other bills introduced earlier. Applying

the method to the 19,241 alignments related to PPACA resulted in 1081

predicted cases of shared policy ideas. We then reviewed and excluded false

positives, resulting in a final dataset of 1023 shared policy ideas.

As discussed and illustrated in Figure 1, most of the work on health care

reform in the House centered on two other bills (HR 3200 and HR 3962),

while the Senate had its own two markup bills (S1679 and S1796). We would

therefore expect that a substantial number of policy ideas in the PPACA

are also found in these four bills. We know less about which of these bills

has the most in common with the final version of the PPACA. And we have
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no information at this point about whether provisions of the PPACA can be

traced to other bills. We are particularly interested in whether Republican-

sponsored ideas made their way into what has been described as a highly

partisan law. Put another way, how ”inclusive” was the process?

A total of 166 different bills introduced in the 111th Congress contain policy

ideas also present in the final PPACA (Figure 4). Each dot is a bill, where

size is the log of the number of matching bill sections. The four large blue

dots are the two House and two Senate bills broadly recognized as precur-

sors to HR 3590 (S 1976 appears to be the most similar to the PPACA

as enacted). The smaller dots indicate other bills, where red dots are bills

sponsored by Republicans. Overall, one-fourth of the policy ideas linked to

the PPACA are found in bills introduced before the main markup bills, and

many of these bills were Republican-sponsored.16

16Only four of these 166 bills became law on their own and all were Democratically
sponsored (not shown).
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Figure 5: Traces of PPACA Sections. Each substantive ACA section
represented by one row.

Figure 5 provides a a different perspective on the chronological development

of health care reform. The black line on the right corresponds to the total

number of sections in the law. Each row of the figure is a section of the

PPACA and each column is a point in time. At the top are PPACA sections

that include alignments that can be traced chronologically to a bill intro-

duced near the beginning of the 111th Congress. Further down are sections

that have more recent origins, followed by sections that cannot be traced to

any previous bills.17 What the figures appear to show, as we hoped to find

at the outset, is that policy development is a collective evolutionary process.

Even highly partisan bills appear to reflect input from a broad spectrum of

lawmakers.

17many of these sections may not include substantive language (they may be boilerplate).
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4.1 Inclusiveness

Scholars rely almost exclusively on floor roll call voting patterns to assess

partisan cooperation in Congress. By this assessment, the PPACA was

a highly partisan bill. No Republican in the House or Senate supported

it. One interpretation of this outcome might be that Republicans were

excluded from the process. A policy ideas approach provides an opportunity

to revisit bipartisan cooperation at the bill construction level. Specifically, is

lawmaking is more inclusive when judged in terms of the progress of policy

ideas, instead of in terms of roll call voting patterns or bill success?

Table 3 summarizes information about the sponsors of policy ideas later

found in the PPACA.18 The first table includes the Democratic sponsors of

the 4 major markup bills. The second table excludes those sponsors. While

there is limited evidence of inclusiveness in the House, there is substantial

evidence in the Senate. More than one-fourth of the linked ideas are found

in bills sponsored by Republicans. For example, an entire subtitle (B) relat-

ing to nursing home fraud prevention in the PPACA appears to be drawn

primarily from a bill (S.647) sponsored by Charles Grassley (R-IA) much

earlier in the process. Because the Congressional Service does not designate

the Grassley bill as ”related” to the PPACA, this is a case of Republican

influence that would otherwise be invisible.

18the tables focus on only the clearest cases of shared policy ideas (category 1).
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All aligned sections
House Senate

Minority 2.8% 8.0%
Majority 97.9% 92.2%
N 468 376

Excluding markup bills
House Senate

Minority 10.7% 27.8%
Majority 89.3% 72.2%
N 122 108

Table 3: ”Inclusiveness” by Chamber and Party Status

5 Discussion

This paper proposes a text reuse approach to tracing the movement of policy

ideas through the legislative process. Using the case of the voluminous 906

page Affordable Care Act (HR 3590), we developed and tested whether

a ‘local alignment’ algorithmic approach can predict shared policy ideas.

Using a human-labeled ‘gold standard’ set of 3400 alignments, we were able

to predict known cases with 92 percent accuracy and 97.3 percent recall using

a combination of supervised machine learning and logistic regression. The

same modeling strategy applied to the broader dataset of 19,241 alignments

detected 1080 instances of ideas found in the PPACA that could be traced

to bills introduced at earlier points in time. We learned substantially more

about the history of the PPACA than the alternative approach of relying

on the ‘related bills’ designated by the Congressional Research Service.

Important limitations of this paper should be noted. We have operational-
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ized the policy idea in a technical way - ideas must be shared nearly ver-

batim. We do not know the extent to which our local alignment captures

all of the policy ideas shared between the PPACA and other bills. We have

also not demonstrated that a particular bill provided the inspiration for a

provision found in the PPACA, nor have we attempted to trace the specific

events that led to a provision’s incorporation into the PPACA. Sometimes

ideas found in laws are only found in one other bill. At other times, the

same idea is found in multiple bills. At what stage in the evolution of the

PPACA did the provision get added, how and why? Are multiple occur-

rences evidence of an uptake process or mere mimicking?

The current paper is also limited to a specific law at a particular point

in time. Over the longer term one of our goals is to use this method to

reevaluate existing understandings of lawmaking that are currently based

primarily on voting patterns and the progress of bills. A text reuse approach

offers a window into policymaking that allows us to explore the markup

process in far greater detail. We anticipate that policymaking will be found

to be much more inclusive when assessed in terms of the progress of ideas.

We also look forward to assessing inclusiveness across committees, members,

issue areas, and time.

Although there is substantial work to be done, text reuse methods have

already taught us quite a bit about the evolution of one important law. We

look forward to comments and suggestions as we move forward.
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6 Appendix: Computing local alignments

The Smith-Waterman algorithm employs dynamic programming to reuse

calculations when comparing all possible subsequences of the two input doc-

uments.

In our case, two sections would be treated as sequences of text X and Y

whose individual characters are indexed as Xi and Yj . Let W (Xi, Yj) be

the score of aligning character Xi to character Yj . Higher scores are better.

We use a scoring function where only exact character matches get a positive

score and any other pair gets a negative score. We also account for additional

text appearing on either X or Y . Let Wg be the score, which is negative, of

starting a “gap”, where one sequence includes text not in the other. Let Wc

be the cost for continuing a gap for one more character. This “affine gap”

model assigns a lower cost to continuing a gap than to starting one, which

has the effect of making the gaps more contiguous. We use an assignment of

weights fairly standard in genetic sequences where matching characters score

2, mismatched characters score -1, beginning a gap costs -5, and continuing

a gap costs -0.5. We leave for future work the optimization of these weights

for the task of capturing shared policy ideas.

As with other dynamic programming algorithms such as Levenshtein dis-

tance, the Smith-Waterman algorithm operates by filling in a “chart” of

partial results. The chart in this case is a set of cells indexed by the char-
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acters in X and Y , and we initialize it as follows:

H(0, 0) = 0

H(i, 0) = E(i, 0) = Wg + i ·Wc

H(0, j) = F (0, j) = Wg + j ·Wc

The algorithm is then defined by the following recurrence relations:

H(i, j) = max



0

E(i, j)

F (i, j)

H(i− 1, j − 1) + W (Xi, Yj)

E(i, j) = max

 E(i, j − 1) + Wc

H(i, j − 1) + Wg + Wc

F (i, j) = max

 F (i− 1, j) + Wc

H(i− 1, j) + Wg + Wc

The main entry in each cell H(i, j) represents the score of the best alignment

that terminates at position i and j in each sequence. The intermediate

quantities E and F are used for evaluating gaps. Due to taking a max

with 0, H(i, j) cannot be negative. This is what allows Smith-Waterman to

ignore text before and after the locally aligned substrings of each input.

After completing the chart, we then find the optimum alignment by tracing
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back from the cell with the highest cumulative value H(i, j) until a cell

with a value of 0 is reached. These two cells represent the bounds of the

sequence, and the overall SW alignment score reflects the extent to which the

characters in the sequences align and the overall length of the sequence.19

In our implementation, we include one further speedup: since in a previous

step we identified n-grams that are shared between the two bill sections,

we assume that any alignment of those sections must include those n-grams

as matches. In some cases, this anchoring of the alignment might lead to

suboptimal SW alignment scores.

19see also http://www.cs.kent.edu/ssteinfa/files/PDSEC08_handouts.pdf
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