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tific research had achieved consensus regarding how children of same-sex couples fare.
Determining the extent of consensus has become a key aspect of how social science
evidence and testimony is accepted by the courts. Here, we show how a method of analyz-
ing temporal patterns in citation networks can be used to assess the state of social scientific
literature as a means to inform just such a question. Patterns of clustering within these
citation networks reveal whether and when consensus arises within a scientific field. We
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1. Introduction

A central component of the legal debate concerning recognition of same-sex unions addressed whether and how out-
comes for children raised by same-sex parents differ in comparison to children raised in other family configurations.
Decisions in two cases by the US Supreme Court hinged, in part, on the scientific consensus regarding these questions
(United States v. Windsor, 2013; Hollingsworth v. Perry, 2013). Reflecting the centrality of childrens’ outcomes in this decision,
during oral arguments, Justice Scalia suggested that “there’s considerable disagreement [a]mong sociologists as to what the
consequences of raising a child in a [s]ingle-sex family, whether that is harmful to the child or not” (Hollingsworth v. Perry,
2013: 19). Accordingly, scientific consensus became a central question for scientific papers and amici curiae briefs address-
ing this case (APA, 2013a, 2013b; ASA, 2013; Pafford, 2013; Siegel et al., 2013). For example, a brief submitted by the
American Sociological Association (ASA) concludes, “Whether a child is raised by same-sex or opposite-sex parents has
no bearing on a child’s wellbeing” (ASA, 2013: 3); and Siegel and colleagues recommend that decisions about parenting com-
petency should be made “without regard to their parents’ gender or sexual orientation” (Siegel et al., 2013: 829). In this
recent case and others, such as Wal-Mart v. Dukes (2011), the relationship between social science and the law has been
brought to the fore.

Indeed, a significant strain of legal thought relies, in part, on social science for guidance in arguing and adjudicating legal
cases (Monahan and Walker, 2009). For example, expert witnesses trained in a social science may attest to the likelihood that
a defendant will re-offend during the sentencing phase of a criminal trial (Uggen and Inderbitzin, 2010). Alternatively, more
general evidence of the persistence of racial disparities may influence a judge’s decision about a potential violation of the
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Voting Rights act (for a recent example, see references to sociologist Vincent J. Roscigno’s expert testimony in NAACP v.
Husted, 2014). The success of these empirically-based arguments is likely to depend in part on where scientific consensus
lies on legal issues confronting the courts (Acker, 1990).

Social science has become widely incorporated into the American legal system. Indeed, every Supreme Court Justice at
least since 1986 has cited social science in at least one opinion or joined an opinion that has (Acker, 1990; Monahan and
Walker, 1986: 477)." With this in mind, lawyers have, for some time, tried to wrangle social science to their favor collecting
amicus curiae briefs and hiring social scientists as expert witnesses. Social science becomes a key element of many legal cases
and the balance of these cases often hinges on arguments about the trust placed in empirical research (Collins and Evans, 2002).
Further, this trust is often explicitly linked to whether a particular social scientific issue has reached a state of consensus.
Although a good deal of research addresses the formation (e.g. Shwed and Bearman, 2010) and perception of scientific consen-
sus within society generally (e.g. Oreskes (2004) on climate change), less attention has connected the tools of sociology of
science to key issues before the courts. Lawyers, juries, and judges are left to determine scientific consensus on their own
(Acker, 1990).

Systematic approaches from the sociology of science provide strategies for evaluating scientific consensus and can assist
in the legal determination of the value of social science research. These approaches are particularly needed for social science
evidence that aims to address issues beyond narrow determinations about issues specific to a case to, as Acker states, “gen-
eral, empirical propositions about social events or relationships that may be instrumental to legal rule-making” (1990: 26).
This evidence most often enters the legal record via amici curiae briefs, which may—or may not—necessarily directly engage
scientific consensus on the question(s) before them.

Shwed and Bearman (2010) demonstrate one method for identifying when scientific consensus emerges. This method
employs citation networks among the relevant scientific literature to provide a structural overview of consensus within a
scientific community as a means of capturing content shifts. Like Shwed and Bearman (2010), we conceive of consensus
as a type of closure. In other words, consensus forms when boundaries around a contentious issue are resolved or enclose
around one correct answer (Shwed and Bearman, 2010: 820; Collins and Evans, 2002). This type of consensus forms a key
dimension of how and whether social scientific research is accepted within the courts (Daubert v. Merrell, 1993). Here,
we build upon their method to examine whether the research on outcomes for children of same-sex parents is marked
by scientific consensus, and estimate when the attained level of consensus was achieved. These techniques can inform court
decision-making, but are also worth answering independent of whether “no difference” should be the basis for adjudicating
a legal decision about union legalization (Yurkewicz, 2012).

We adapt Shwed and Bearman’s approach to the case of same-sex parenting outcomes. Our adaptation is consistent with
their theoretical and methodological bases in two ways. First, a purely search-term based means for identifying the salient
literature has some limitations, which requires the identification of strategies for estimating the robustness of identified pat-
terns to potential noise in the data. Second, we note that in absence of expert “consensus statements,” akin to the one made
by the Intergovernmental Panel on Climate Change about anthropomorphic causes of climate change, the method also
requires scientific consensus to be interpreted as a process, not solely an end-state. To preview, our analyses reveal that con-
sensus exists on outcomes for children of same-sex parents, and arose early in the twenty first century.

2. Background

The relationship between scientific consensus and policy is complicated. On one hand, policies can respond to scientific
consensus, putting into practice recommendations that stem from empirical evidence. Alternatively, policies may be enacted
prior to the identification of scientific consensus, or even agnostic to the empirical basis for such policy recommendations.
Either way, if policy is to be linked to empirical scientific evidence—whether in the former situation as the basis of enacting
policies or in the latter for evaluating their impacts—we require systematic means for identifying whether scientific consen-
sus exists, and when it arises. Additionally, it is important to understand this as a dynamic unfolding process, i.e., scientific
consensus itself has a life course reflecting various stages of (un-)certainty, which must be identifiable to appropriately
assess its association with policy. The dynamic characteristic of consensus highlights how closure around a particular set
of ideas differs from “correctness” in any metaphysical sense as the state of consensus is subject to change. Nonetheless,
the question of consensus remains a key issue affecting how social policy is adjudicated in the courts.

We are specifically interested in how the legal community incorporates science, particularly social science. To that end,
we provide a means to evaluate whether consensus has formed around a particular topic.? The following overview intends to
summarize pertinent legal scholarship on the relationship between social science, consensus, and the law. This overview will

1 As discussed in greater detail below, social science plays a role and is taken seriously by Justice Thomas, in his consenting opinion, and Justice Breyer in his
dissenting opinion on Parents Involved in Community Schools v. Seattle School District No. 1 (2007), a case on school racial integration policies. Justice Scalia,
joined by Justices Kennedy, Ginsburg, Sotomayor and Kagan, engages in a serious discussion of causality within social science research on the effects of video
game violence in his Brown v. Entertainment Merchants Association (2011) ruling opinion. Justice Alito’s consenting opinion disagrees with this aspect of
Scalia’s argument and reinterprets the social science on video game violence. Chief Justice Roberts’s majority opinion, Shelby County v. Holder (2013) deeming
parts of the Voting Rights Act of 1965 unconstitutional, uses some social science as evidence for decline in racial differences in political participation, although
Kimball (2013: 324) argues that it is “jarring” how little of the social science evidence is introduced by Roberts.

2 While somewhat related, here we focus less on legal frameworks or philosophies that are informed by social scientific disciplines, like rational choice and
the law or critical legal studies.
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also illustrate that determining the state of social science research is a pressing one and reaches the highest levels of the US
courts. We demonstrate one way that sociologists can help the legal community evaluate the state of consensus within a (social)
scientific field.

2.1. Social science and the law

Social science has entered legal discussions with mixed success since the 1908 Muller v. Oregon case widely seen as the
first to systematically engage social science research. Numerous social scientists and legal scholars recognize the inconsis-
tent reception of social science as a serious problem (Acker, 1990; Grunwald, 2012; Monahan and Walker, 1986). At the level
of the US Supreme Court, several key decisions, most notably Brown v. Board of Education, have drawn heavily on social
science. However, the value of social science for legal arguments has not led to its systematic use. In fact, in several key deci-
sions Justices in the majority explicitly identify their own disagreement with summarizations of social scientific findings
made by social scientists. The majority opinion in Lockhart v. McCree serves as one example (see Bersoff, 1987 for an insider’s
view). This case centered upon the issue of whether the exclusion of anti-death penalty jurors in capital criminal cases, or
cases that could result in a sentence of death, could affect the guilt-phase of a trial. The Supreme Court had previously estab-
lished that jurors could be excluded for holding anti-death penalty views as these potential jurors were essentially telling the
judge that they would not follow the law during the sentencing phase (Witherspoon v. Illinois, 1968). As most death penalty
states have a sole jury determining both guilt and sentence, jurors with anti-death penalty beliefs were excluded from both
the guilt and sentencing phases.

As Bersoff (1987: 54) describes, Witherspoon is one of the few cases where the Court issues an “invitation to social sci-
entists to develop data to help it in resolving a crucial point of law.” This crucial point is whether those willing to impose
a death sentence are more likely to convict a defendant than those anti-death penalty jurors who are excluded from all
phases of a capital trial. Social psychologists took the Court’s challenge seriously and built a small, but robust literature con-
sistently describing how the exclusion of anti-death penalty jurors indeed increases the likelihood of convictions. The
American Psychological Association submitted an amicus brief to Lockhart v. McCree (1986), a case challenging the
Witherspoon decision, summarizing these findings. Yet, the five Justices signing the majority opinion written by Justice
Rehnquist fundamentally disagreed with this summary arguing that there were “several serious flaws” in the presented
social science evidence (see Lockhart v. McCree, 1986; Bersoff, 1987).

More recently, in his consenting opinion on the school desegregation case Parents Involved in Community Schools v. Seattle
School District No. 1 (2007), Justice Thomas writes that serious disputes within social science on the positive effects of diver-
sity programs call to question the educational benefits of “coerced racial mixing.” He concludes that we should not leave our
“equal-protection jurisprudence at the mercy of elected government officials evaluating the evanescent views of a handful of
social scientists” (2007:766).> Needless to say, the reception of social scientific data has been neither universal nor unanimous,
but is subject to interpretation and debate. While some of the disagreement regarding social scientific data may be based on
credibility gaps between the social and natural sciences (Wechsler et al., forthcoming), numerous scholars argue that it is often
the variation within standards of practice placed on social scientific data by both social scientists and jurors that are most in
question (e.g. Serenson and Sharkey, 2011; Acker, 1990; Monahan and Walker, 1986). What properties of social science lead
to its inconsistent incorporation by the legal community?

One major sticking point for wider incorporation of social science is the diverse tasks asked of social scientific research.
Social scientists are asked to both contribute to establishing facts specific to a case, or “adjudicative facts,” and to address
issues that speak to facts more generally, or “legislative facts.” To the latter point, Monahan and Walker (1986) argue that
social scientific evidence should not solely be treated as facts in a legal sense, but as “social authority” more akin to prece-
dent. In this and subsequent work on “social frameworks,” Monahan and Walker (1986) outline a systematic approach to
incorporating social science into normative determinations based on the principle of generalizability. As they write:

Research used in the creation of a rule of law - for example, studies on the effects of school segregation on self-esteem,
the effects of exposure to pornography on anti-social behavior, or the deterrent value of the death penalty - has the same
kind of future-oriented generality that case precedent possesses (1986: 41).

Social science research should not be limited to adjudicating facts - psychological analysis of a particular person or case -
but can pertain to more fundamental and less transitory aspects of the law. Indeed, much of the social science research
advanced within the courts, especially the higher courts, seeks to do just that.

To more deeply engage and gain the trust of the legal community, Monahan and Walker (1986) argue that social science
research must meet several standards that relate both to the content and the structure of research. These standards parallel
familiar principles of sound methodology, such as validity and generalizability. Moreover, these issues as they pertain to
expert scientific witnesses were more formally resolved by the Court in its Daubert v. Merrell Dow Pharmaceuticals (1993).
This opinion outlines guidance for how judges are to interpret scientific testimony. The characteristics include whether
(1) the expert’s theory can and has been tested, (2) it has been peer reviewed, (3) it identifies and measures error, (4) this

3 Breyer’s noteworthy dissent on this case offers an alternative view of what standard of consensus should be applied: “If we are to insist upon unanimity in
the social science literature before finding a compelling interest, we might never find one.”
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error is controlled, and (5) the social scientific research in question has “attracted widespread acceptance within a relevant
scientific community” (1993: 12).

Identifying the heavy-burden placed on the courts to determine the value of a particular body of social science research,
Acker (1990) advocates an organizational approach that incorporates greater participation by professional associations in
submitting amici curiae briefs. Acker (1990) argues that Justices appreciate social science so much that they expend a great
deal of time trying to figure it out. Like Monahan and Walker (1986), Acker further argues that professional organizations
“can make an important contribution to the transmission of social science information to the justices, and that social scien-
tists need not serve only as after-the-fact critics of the Court’s opinions” (1990: 40). In this context, professional organiza-
tions, like the ASA or APA, provide a key sorting mechanism for summarizing relevant literature and identifying points of
consensus, a necessary function when there is a glut of information as is the case in many scientific subfields. This encour-
ages professional organizations to play a direct role in guiding public interpretations of its findings.

The state of consensus can be and often is identified cognitively as experts writing briefs or participating as scientific wit-
nesses use their training to identify the state of their field (Shwed and Bearman, 2010). However, this lack of formalism per-
mits easy disagreement as one scholar’s immersive inspection may considerably differ from another’s. This difference can
result from the state of information glut itself: The parsing of a literature is far more complicated than it once was because
many subfields have grown dramatically. How and whether expert witnesses provide a fair summary of the literature is one
point of contention identified in the debate over the testimony in Wal-Mart v. Dukes (2011). The respondents in this case
alleged that their employer, Wal-Mart, discriminated against them because of their sex. They sought relief for themselves
and for 1.5 million other female Wal-Mart employees. A sociologist, William Bielby, participated as an expert witness in this
case concluding based on his research that Wal-Mart’s organizational practices contributed to “disparities between men and
women in their compensation and career trajectories at the company” (Bielby, 2003: 408). Wal-Mart petitioned the Court to
deny the class action. The ASA sided with Bielby and filed an amicus curiae brief on behalf of the respondents. But, the Court
ultimately sided with Wal-Mart and singled out the expert testimony as being particularly faulty stating that it “does noth-
ing to advance the respondents’ case” (Wal-Mart v. Dukes, 2011).

Following Wal-Mart v. Dukes, a debate developed about the role of sociology and the law (Mitchell et al., 2011; Nielsen
et al,, 2011; Serensen and Sharkey, 2011; Tomaskovic-Devey, 2011). This debate illustrates the multidimensional standards
required for successful dialogue between social science and the legal system as it both addresses standards of evidence,
which can be read as an issue of content, and arguments regarding the state of a field, which can be read as a question of
both content and structure. For example, the majority opinion challenges whether Bielby’s evidence provides “significant
proof” of discrimination (Wal-Mart v. Dukes, 2011). Nielsen et al. (2011) defend the ASA brief and the standard of evidence
provided by Bielby arguing that his analysis is replicable and systematic. On the other hand, Serensen and Sharkey (2011)
argue that the ASA brief falsely claims that a consensus has formed around the effects of personnel practices. Nielsen et al.
(2011) respond that this literature is more resolved than Serensen and Sharkey allow. This case illustrates the importance of
accounting for both standards of evidence and systematically addressing the description of research fields. Formal tech-
niques for evaluating consensus provide one way out of this interpretive conundrum as, at minimum, it explicates a system-
atic strategy used to operationalize consensus.

2.2. In search of consensus

Research in the sociology of science and information sciences provides promising directions for analyzing the trajectory of
research fields. For example, Shwed and Bearman (2010) propose a network-based strategy for evaluating the temporal evo-
lution of scientific consensus within a literature. Their approach relies on identifying the potentially salient corpus of liter-
ature on a subject, then constructing and analyzing a citation network among the papers in that corpus. A citation network is
a directed network that captures the potential ordering of influence from cited papers to citing papers. That is, the ties in a
citation network represent that each reference in a citing paper reflects the potential influence of each cited paper in the
development of the ideas in the focal paper. A network of these citations can then be analyzed to identify common citation
practices within the corpus.

Scientific consensus in these citation networks is best reflected by a concept known as community detection, which can
evolve over time (Shwed and Bearman, 2010). Conceptually, communities are tightly knit segments of a population. In turn,
the analytic idea behind identifying network communities relies on finding subsections of the network where most ties (in
our case, cites) occur within the group as compared to across groups (Fortunato, 2010; Porter et al., 2009). The overall level of
segmentation into different communities can be used to identify how many communities there are in a given network, and
how well those communities account for the general pattern of ties (citations) within the network (of papers). Shwed and
Bearman (2010) demonstrate that consensus in a literature is consistent with identifying when modularity--a summary
statistic of the overall segmentation among identified communities--attains a sustained low equilibrium level or resolves
to a consistently low score.

While citation networks provide a means for estimating if and when scientific consensus arises, the approach proposed by
Shwed and Bearman (2010, hereafter SB) requires two assumptions that we extend here. First, relying primarily on search
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terms, typically keyword-based, to identify the salient corpus can introduce potential noise into the evaluated corpus. In
most of the examples provided by SB, there is a clear unidirectional potential relationship to evaluate. For example, when
examining the carcinogenicity of UV radiation one can reasonably use a string of search terms combining solar radiation
and cancer.” In that case, there is little chance of finding work also claiming a “reverse” causal pathway of cancer causing
UV radiation. As such, the identified corpus is relatively well bounded by the search terms used.

The case of outcomes for children of same-sex parents is not similarly well-bounded. Here, the search terms used
(described in the Data section below) returns a corpus which includes: (1) literature that is salient to the question at hand,
along with (2) research concerned with children’s developmental concerns generally, regardless of parental sexual orientation.
These appeared in the set via three primary routes - (i) research on outcomes for children who are themselves LGBTQ, (ii)
genetic comparisons that explicitly limited their comparisons to same-sex (sibling) pairs (e.g., twin studies), and (iii) com-
parisons of intrafamilial outcomes across generations, which often limited comparisons between children and their
same-sex parent. We therefore develop a strategy for adapting the SB method to evaluate its robustness to noise in the
search-term identified corpus. Our findings remain largely consistent with this adjustment, so we present initial results
in a manner consistent with the SB approach, followed by analyses that estimate the robustness of these findings to the noise
in the corpus.

A second extension of their method requires interpretation of content in cases that either empirically appear to be still
contested, or are claimed to be by researchers. Here, we lean on two separate approaches. First, SB provide several different
ideal-typic pathways to consensus; the “cyclical” form that they describe best fits the narrative discourse around the case
examined here, while the “spiral” form seems more consistent with the citation network evidence we provide. In the cases
SB examine, “expert” consensus claims (e.g., the Surgeon General’s report on smoking) serve both to adjudicate and at times
accelerate the consensus processes in contested cases (Evans, 2007). In the case we examine, there are no similarly promi-
nent expert consensus statements. As such, second, we rely on reading and interpreting included content from important
articles identified within the examined corpus as a means to interpret the content of consensus on outcomes for children
of same-sex parents.

3. Data

We begin by identifying a corpus of literature on same-sex parenting, as represented within ISI Web of Science. From this
corpus, we extract an analytic sample of 19,430 publications. We identified this literature corpus from a search for all sources
that included the following terms in their topic: (samexsex OR homosexual* OR gay* OR lesbian*) AND parentx, which did
not restrict the dates of publications returned by this search, and thus started from a list of 21,369 publications between
1900 and 2013 (as of March 2, 2013).° Given that our analyses are based on citations, we drop papers that include no cited
references and are cited by no other papers in the set (N =1770). From this corpus, we also excluded publications from 1900
to 1965 from analyses, because there were too few publications within this period to suggest the presence of a substantial
scholarly literature on the topic as a whole, or within any given window.

Citation networks consist of scientific papers connected to one another via the citations each paper makes. Traditionally
in citation networks, a tie is recorded (as “sent”) from paper i to paper j when paper j includes paper i among its cited ref-
erences (Yan and Ding, 2012). The direction of such ties is intended to reflect the “direction of influence” in that j’s citation of
i indicates that the ideas in paper i somehow influence the ideas in paper j, and is therefore coded as a tie from i to j. SB then
examine the evolutionary patterns of community structure within these citation networks. We similarly construct a series of
temporal moving-window citation networks, the width of which is determined by computing the time-varying median cita-
tion age across the examined corpus.® Citation age provides a concrete means of identifying the salient “epistemic period” of
literature from which new research develops its arguments (Shwed, 2015). All data pre-processing was completed with Sci2
(Sci2 Team, 2009), and analyses were conducted in igraph 0.7 for R 3.1.1 (Csardi and Nepusz, 2006).

Analytic results below are further limited to citation networks with windows ending from 1977 to 2013 (papers pub-
lished beginning in 1970). This exclusion was due to the relative scarcity of publications within the early period of an iden-
tifiable literature. This allowed small numbers of papers to produce wide fluctuations in the metrics examined, suggesting
patterns containing more noise than meaningful variation. In a sense, this is the most basic form of “no consensus.” There is
so little literature that everyone is virtually working independently on a new problem, lacking any basis from which to build
or contest consensus. Fig. S2 presents supplementary analyses, which extend the analyses presented in Fig. 1 to also cover
this excluded period; doing so largely reproduces the primary findings presented here.

4 The precise combination they used was: “(Sun OR solar OR photo OR “UV radiation” OR tanning) AND (cancer OR carci* OR melanoma OR sarcoma OR basal)
(Shwed and Bearman, 2010: 826).

5 This cutoff reflects the level of consensus in the literature at the time that competing claims regarding scientific consensus were being made before the
Court. While we could also extend this analysis to examine how consensus has evolved since then, this would be in service of a different question. The aim here
is to assess what level of consensus could reasonably be claimed when competing claims about that consensus were being made before the United States
Supreme Court.

6 Citation age is computed for each cited reference as: the publication year of the citing paper minus the publication year of the cited paper. See Appendix
Fig. S1 for a plot of the moving-window widths.
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Fig. 1. Modularity and Corpus Size Changes 1977-2013. NOTE: The x-axis denotes the end-year of the moving window for each epistemic period in the
corpus. The y-axis presents the changes across those windows in: modularity score (blue/solid line, left axis), and growth in number of publications (red/
hatched line, right axis). (For interpretation of the references to colour in this figure legend, the reader is referred to the web version of this article.)

4. Methods

SB estimate the evolution of scientific consensus based on the number and extent of divisions between scientific “com-
munities” in the field. Communities identify subsections of the network where ties are predominantly within group, and lim-
ited across groups (Fortunato, 2010; Porter et al., 2009). This community structure can be summarized with a modularity
score (Brandes et al., 2007; Newman, 2006). We compute this modularity score for each of the temporal slices, using the
edge-betweenness method (Newman and Girvan, 2004), then examine how it changes across the observed period.”
Modularity is network-size dependent (Shwed and Bearman, 2010). To allow comparability among reported
scores--accounting for the increasing size of the corpus across the observed period (see Fig. 1) — we scale modularity scores
by the logged number of papers in the network for each observed window (Navon and Shwed, 2012; Shwed and Bearman,
2010).

As described above, the search-term based identification of the corpus examined appears to have introduced more noise
into the data than was the case for examples in SB. As such, in addition to plotting these complete corpus modularity trends,
we also devise an approach to examine how robust the patterns identified are to this noise. Given that the amici curiae briefs
and the consensus statement published in Pediatrics take our central question here as their focus, we take the citations from
this “core set” as a starting point, assuming that their citations are substantially less subject to this data noise limitation.
From this core set, we then extract three additional citation networks from the complete corpus and reproduce the same
analyses on each. These restricted networks follow the (out) citations from within the core set, to 1-step, 2-steps and
3-steps out from the core set. Respectively, these extracted sub-networks include 523, 1667 and 2912 publications of the
initial corpus’s 19,761. We then examine how the modularity trends in Fig. 1 compare to computations on each of these
subsets.

Examining the temporal shifts in modularity allows us offer a structural basis for identifying whether and when consen-
sus arises within the field. However, given consensus, it does not allow us to directly determine what that consensus is. In
other words, following the two dimensions of consensus, the structural approach answers the question of whether consen-
sus has developed in a particular field - a key question asked of social science by the courts -, but leaves open the question of
what conclusions the field has drawn. To estimate the content of consensus, we sample the top 10% of papers based on cita-
tions received in a selection of distinct stages in the identified modularity curves: the period of high modularity, suggestive of
“epistemic rivalry” (network slice ending in 1985), declining modularity, suggestive of an arising consensus (network slice
ending in 1990) and two different points from the period of sustained low modularity, suggestive of achieved scientific con-
sensus (windows ending in 2000 and 2010). Degree centrality is frequently used as an indicator of perceived importance
(Borgatti and Everett, 2006). We examine the content of these “important” articles to assess the primary claim(s) being made
in each representative period about outcomes for children of same-sex parents.

7 We obtained similar results using the Louvain method as an alternative algorithm (Blondel et al., 2008), as implemented in Pajek 3.01 (Batagelj and Mrvar,
2003).
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5. Findings
5.1. Consensus trajectory

Fig. 1 presents the modularity trends for moving windows ending from 1977 to 2013. The pattern in our case is consistent
with two examples in SB: research on anthropogenic sources of climate change and carcinogenicity of ultraviolet radiation.
In each of these cases including our own, the trend is marked by an early period of high modularity (here occurring in periods
that end prior to the mid 1980s), or strong community segmentation, indicative of early epistemic rivalries in the field. This
is followed by a sharp modularity decline (occurring in the mid 1980s through mid 1990s), representing the consolidation of
those previously separated communities, a pattern that is indicative of an arising consensus. Finally, each of these cases
resolve into a sustained period of low modularity representing consolidated community structure, which SB claim is indica-
tive of achieved scientific consensus (here sometime after the mid-1990s). This is consistent with what SB label a “spiral”
pattern of consensus formation, wherein “some initial epistemic rivalry is quickly resolved, and scholars then move to sec-
ondary questions. This leads to increasing numbers of papers linked to a common core, keeping modularity low” (Shwed and
Bearman, 2010: 830).

Next, to assess how robust this pattern is to the noise in the data described above, we examine the modularity trajectory
for three alternative samples of the literature, drawn from the citation networks emanating from the “core set” of citations in
the three amicus curiae briefs and the Pediatrics consensus statement. Fig. 2 presents these results, with a line for each of the
examined networks. The general pattern of a spiral consensus process is reproduced regardless of which sample is used, sug-
gesting that the temporal trend observed above is largely robust to the substantial noise in the data. These ancillary analyses
differ from those presented in Fig. 1 in two ways. The closer we move to the “core set” of citations drawn on, the later it
appears that consensus was attained (see how the downward sloping part of the curve shifts to the right as you move to
the more restrictive samples). However, the pattern among all of these samples remains virtually indistinguishable since
the late 1990s. A second difference is that these more restrictive samples appear to draw on citations that are slightly older
than those identified in our search-term based corpus (see Fig. S2). This would be consistent with researchers drawing on
work they are aware of, which necessarily has some temporal limitations.

For fields with achieved scientific consensus, SB overlay the sorts of modularity trends described above with the timing of
“consensus statements” (e.g., reports by the IPCC, or The Surgeon General’s reports on the carcinogenicity of smoking). These
overlays allow comparisons between when modularity indicates consensus is achieved and when scientists make declarative
statements about that consensus. In the case of outcomes for children of same-sex parents, there have been no similarly
authoritative “consensus statements”, though the amicus curiae briefs and Pediatrics statement each makes claims about this
consensus. It is worth noting, however, that they do so well after consensus was apparently achieved; among the examples
in SB, only the timing of the IPCC’s 2007 report on climate change is similarly delayed (Shwed and Bearman, 2010: 829).

Given the delay in consensus statements in our case, the trends in Fig. 1 can also be compared to other landmark
moments indirectly connected to this consensus. The American Bar Association issued a statement in 1989 encouraging sex-
ual orientation as a class for non-discrimination protection (ABA, 2006), before modularity equilibrated (i.e., prior to consen-
sus formation), which is similar in timing to the Surgeon General’s first report on the carcinogenicity of smoking (Shwed and
Bearman, 2010: 829). DOMA, the Defense of Marriage Act passed in 1996 (US Congress, 1996), during the period of modu-
larity decline (suggesting developing consensus). The “Don’t Ask, Don’t Tell” policy passed in 1993 (US Congress, 2010), just
after the period of sharp modularity decline (suggesting approaching consensus), a pattern consistent with the International
Agency for Research on Cancer’s 1997 report on UV-radiation’s carcinogenicity, and the IPCC’s 1995 report on climate change
(Shwed and Bearman, 2010: 830). The period of sustained low modularity (suggesting high consensus) coincided with the
repeal of DADT (2010).

5.2. Consensus content

Using citation degree centrality, we then sample the top 10% of articles in a set of representative periods from the curves
illustrated in Fig. 1, to examine their content as a means of understanding what the literature reveals about the state of
knowledge on outcomes for children of same-sex parents at each of these respective points in consensus development.
Before describing the temporal differences in this content, it is worth noting two common patterns that did not vary across
time within the sampled important articles. First, the literature focuses more heavily on lesbian mothers (single or part-
nered), rather than on same-sex parents generally. Second, studies disproportionately focus on children’s sexual orientation
over other outcomes.

How content changes align with representative points in the modularity curves allows interpretation of the evolving con-
sensus. Articles from the early period (slice ending in 1985) of epistemic rivalry show a literature addressing a new question
and finding mixed results, not strong evidence of advantages/disadvantages by parental configuration. This pattern is con-
sistent with the high modularity evidence suggestive of epistemic rivalry (see Fig. 1). Moreover, studies from this period lar-
gely drew on interview data within small samples. Some authors appeared surprised to find similarities of outcomes, while
those finding differences found that children of same-sex parents experienced higher likelihood of dealing with parental
divorce and shifting parental/child roles.
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Fig. 2. Modularity comparisons for complete corpus and extracted network subsets. NOTE: The x-axis denotes the end-year of the moving window for each
epistemic period in the corpus. The y-axis presents the changes modularity score across those windows. The black line (circles) reproduces the complete
corpus line from Fig. 1. The other lines refer to the sub-networks selected from sent citations among the “core set” of cited papers (see text for description),
separately for the subset as defined by the number of steps away from that core set.

During the period of declining modularity (slice ending in 1990), key articles reflected the suggested developing consen-
sus. Research in this period increasingly focused on comparisons between single parents, to specifically isolate the effect of
parental same-sex preference from that of family instability more generally (Perrin et al., 2013). In this period, articles dis-
proportionately focused on same-sex parenthood that occurred following dissolved heterosexual partnerships; i.e., not as
much research involving same-sex parents who adopted or used IVF. Thus, research increasingly attempted to separate
effects of parents’ partnership instability from parental sexual identity. With these “controls” in place, such studies began
pointing to finding non-differences. During this period, several researchers also specifically noted lesbian mothers’ socializa-
tion efforts toward instilling gender-normative behaviors in their children.

Finally, highly cited articles from two recent periods (slices ending in 2000 and 2010), also supported the recent period’s
low modularity suggestion of high consensus. Additionally, the overwhelming consensus view among these articles is consis-
tent with the Pediatrics statement and ASA/APA briefs claims of “no difference” (APA, 2013a, 2013b; ASA, 2013; Siegel et al.,
2013). In fact, the few studies noting any differences within this period identified advantages for children of same-sex parents
(e.g., increased parental bonding). Recent research also extended to include samples of adults raised in same-sex relationships
(whereas earlier research focused on outcomes during childhood), and children born into same-sex partnerships.

6. Discussion

Consensus is not something that should be considered to simply exist or not. Instead, as the temporal evolution approach
used here demonstrates, its state at any given point in time should be seen as a cross-sectional snapshot of a process that
unfolds over time. For the questions posed here — whether there is consensus on outcomes for children of same-sex parents,
when and how it arose, and what it is composed of - this dynamic perspective has three implications for interpreting the
answers our results provide. First is to characterize the nature of that unfolding process rather than simply identifying
the state at any given point in time. Second various constituents can draw upon those patterns to make various proscriptive
claims (e.g., for how the Supreme Court should go about making a decision) that can either rely upon or contest that existing
state of knowledge. Third recognizes that any current state that arose from a temporal process can be altered in the future.

The pattern evidenced in Fig. 1 is characteristic of a “spiral” consensus formation pattern, which coincides with a rapid
cascade towards consensus, after which most work continues to link to that common core of ideas (Shwed and Bearman,
2010). In other words, as many have claimed—including opponents of same sex marriage (e.g., Regnerus, 2012)—the field
is one that is largely marked by an achieved consensus. Moreover, the supplementary interpretation of important articles
from the latest periods indicates that the achieved consensus is consistent with the perspective of “no differences” on out-
comes for children of same-sex parents.

Various constituents may subsequently draw upon the existing scholarship in ways that are consistent with the empirical
results above or raise questions about it. It is important to note that any prior attempts to systematically review the literature,
have supported the no differences conclusion (Siegel et al., 2013). If opponents to this consensus engage with the literature
comprising it, they must either ignore that literature, question the basis of the claims within it, or draw selectively from it
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to support their position. Among those who have made the most recent and critical claims about a “no differences” consensus
are Regnerus (2012) and Marks (2012). Each of these authors questions the evidence base underlying the consensus, by argu-
ing that because the literature does not rely primarily on population-based samples, the claims of consensus are premature
without such evidence. There are two things worth noting about this approach. First, it actually concedes that there is consen-
sus in the scientific literature—in other words it would be in agreement with the primary findings presented above. Second, in
assessing the evidence-base questions these authors raise, recent re-analyses show that applying the additional standard of
evidence requiring reliance on population-based samples—via Regnerus’s own New Family Structures Survey data, when con-
ducted appropriately—would only provide additional support to the “no differences” consensus (Cheng and Powell, 2015).

Beyond ignoring or questioning the evidence about consensus, those making counter claims could rely on findings
peripheral to the literature comprising that consensus. That is, perhaps they are more likely to draw on less authoritative
literature to make their claims. Regnerus’s article (2012) and the amicus brief he coauthored (Pafford, 2013) each leans heav-
ily on this strategy. For example, the first few pages of the brief draw heavily on literatures that have no direct bearing on
same-sex parenting, but are instead concerned with topics such as gender norms of communication patterns and advantages
for children to married couples compared to single or cohabiting parents—i.e., they rely on indirect evidence to develop their
argument, rather than relying on the work that directly engages the question they seek to answer. Moreover, this strategy
appears to have inflated the importance of Regnerus’s own claims-making toward this literature, by championing their
opposition sufficiently to have forced several sources in the supportive literature to cite them, solely for the purposes of
debunking the work they represent (Cheng and Powell, 2015; Perrin et al., 2013), including each of the briefs that claim
the no differences consensus (APA, 2013a, 2013b; ASA, 2013).

Questioning and reanalyzing fields marked by consensus is a pattern identified by Shwed and Bearman (2010), one they
refer to as the “cyclical” form. In this pattern, “similar questions are revisited without stable closure” (2010: 818). They pro-
vide the example of how this marked research on the carcinogenicity of smoking for a large portion of the twentieth century.
Shwed (2015) later showed how the tobacco industry’s involvement in delayed the production and dissemination of knowl-
edge about these questions. Considering the application of a similar course to the case here, we could in the future see such
contestation re-open the question to such a degree that the field would become less settled than it is currently. However,
projecting such future shifts is beyond the scope of our empirical question of whether consensus currently exists, which
our evidence suggests is the case, and few seem to be questioning—even those opposing the implications of that consensus.

7. Conclusion

Previously the method described by Shwed and Bearman (2010) was primarily used to calibrate when known consensus
was achieved (Navon and Shwed, 2012; Shwed and Bearman, 2010), to identify cases where it has not yet arrived (Shwed
and Bearman, 2010), or make sense of anomalous patterns in such trajectories (Shwed, 2015). Here, we have shown how
the approach can also be used as a systematic means for adjudicating between competing claims when consensus remains
contested. The scientific community examining outcomes for children of same-sex parents has achieved consensus, and the
consensus is that children of same-sex parents do not experience comparative disadvantages on important outcomes from
children in other parental configurations. This provides a template for social scientific research to more directly engage with
legal questions, and can provide a basis for expert opinions that rely more directly on the state of evidence in the field than
upon the indirect interpretations of single expert witnesses. Furthermore, following the suggestion by Yurkewicz (2012), it is
additionally reasonable to conclude that even if the opposition position was not refuted by current scientific consensus, it
should not bear on decisions whether or not to recognize same-sex unions. Continuing to allow for barring them would rein-
force conditions known to be associated with negative outcomes for children from all parental backgrounds, e.g., unstable
parental partnerships and identity-based discrimination (Hatzenbuehler et al., 2010; Herek, 2006; Manning et al., 2004).

These methods extend to how social scientists engage the courts more generally. Despite recent visible efforts towards
more public forms of social science, the role that social science plays within the legal system remains under-examined:
This is a public sphere worthy of more attention. The courts have established criteria for social science testimony and evi-
dence, which includes establishing the extent of consensus. The method demonstrated here provides one means of answer-
ing this question. In addition to this structural model, future research should continue to explore how this can be combined
with computational and qualitative means for systematically and intensively examining the content of literatures on perti-
nent social science issues before the courts.

Appendix A. Supplementary material

Supplementary data associated with this article can be found, in the online version, at http://dx.doi.org/10.1016/j.ssre-
search.2015.06.008.
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Figure S1. Median Citation Age-based Moving Window Widths
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Fig S2. Complete Modularity and Corpus Size Changes 1970-2013.
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Fig S3. Comparing Modularity Corpus Size: Complete Corpus & Extracted Network
Subsets
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NOTE: Within each panel, the x-axis denotes the end-year of the moving window for each
epistemic period in the corpus. The y-axes presents the changes across those windows in:
modularity score (blue/solid line, left axis), and growth in number of publications
(red/hatched line, right axis). Panel D reproduces Figure 1 for the paper, while Panels A-
C respectively provide the comparable information for the subset networks that are
defined by distance in sent citations from the core set.
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