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A Electoral Implications of Time-Dependent Behavior on Quality
Challenger Entry

To evaluate the myriad pathways through which dynamic behavior over the course of the election cycle
can affect election outcomes, we estimate the structural equations presented in Supplemental Appendix
Equations 1-2. As shown, we account for the possibility that a member’s dynamic party support can affect
her electoral success both directly, as well as indirectly via the entry of quality challengers. To provide for the
indirect effect of dynamic party support, we treat the quality challenger variable as an endogenous variable
that is a function of dynamic party support early in the election cycle. The equations appear as follows,

V oteShare = β0 + β1LinearCoef1 + β2DistPartisanship+ β3LinearCoef1 ×
DistPartisanship+ β4Knot1 + β5QualityChall + βx′ + εV (1)

QualityChall = δ0 + δ1LinearCoeffd + δ2DistPartisanship+ δ3LinearCoeffd ×
DistPartisanship+ δ4Knot2 + δz′ + εQ, (2)

where V oteShare ∈ (0, 100) is the percentage of the two-party vote received by the member in a given
contested election, LinearCoefx records the coefficient for the member’s xth linear segment as discussed
in more detail in the manuscript, DistPartisanship is measured as the proportion of the two-party vote
that the presidential nominee belonging to the member’s party received in her district, Knot1,2 ∈ (0, 730]
account for the timing of the member’s change in behavior as discussed in more detail in the manuscript,
and QualityChall ∈ {0, 1} is an indicator variable measuring whether the member faced a challenger who
had held previous elective office. Since Supplemental Appendix Equation 2 seeks to capture the effect of
early cycle dynamic behavior on quality challenger entry, LinearCoeffd is measured using LinearCoef2 if
the filing deadline occurred after Knot2 and uses LinearCoef3 if the filing deadline occurred before Knot2.1

In other words, LinearCoeffd captures the dynamic behavior that is more temporally relevant to the entry
of challengers.

There is a natural temporal ordering to these equations. Quality challenger entry has been shown to
be heavily influenced by behavior early in the election cycle (Jacobson and Dimock, 1994; Carson, 2005),
and, because voters’ monitoring costs diminish as elections approach (Kalt and Zupan, 1990), we theorize
that legislative behavior around the time of elections is most plausibly connected to electoral outcomes.
The vector x denotes the control variables used in the core models presented in Manuscript Table 1, and β
denotes the corresponding vector of coefficients. The vector z denotes the same control variables as vector
x, less those that account for aggregated behavior over the entire (current) election cycle (i.e., Aggregated
Party Unity and Ideological Extremity). Simply, these variables are unobserved by potential challengers at
the time of their decision, and so would be inappropriate to include in this equation. Nevertheless, we note
that their inclusion does not substantive alter the results. δ denotes the corresponding vector of coefficients
for z.

The equations are estimated using ordinary least squares (OLS) with robust standard errors, making
Supplemental Appendix Equation 2 equivalent to a linear probability model (LPM). Estimating Supplemen-
tal Appendix Equation 2 using a dichotomous dependent variable model does not substantively alter our
results, but complicates the calculation of the marginal effect of early dynamic behavior on vote share via
quality challenger entry. Through some simple algebraic manipulation, we can rewrite the above equations
by substituting Supplemental Appendix Equation 2 into Supplemental Appendix Equation 1 as follows,

1For instances in which we were unable to identify the filing deadline in a given state-year, we used the
coefficient for the linear segment corresponding to the earliest period in the election cycle, LinearCoef3.
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V oteShare = β0 + β1LinearCoef1 + β2DistPartisanship+ β3LinearCoef1 ×
DistPartisanship+ β4Knot1 + β5(δ0 + δ1LinearCoeffd + δ2DistPartisanship+ (3)

δ3LinearCoeffd ×DistPartisanship+ δ4Knot2 + δz′ + εQ) + βx′ + εV

Therefore, we find that the direct marginal effect of LinearCoef1 on vote share is equal to (β1 + β3 ×
DistPartisanship), as presented in the manuscript results. The marginal effect of early cycle dynamic be-
havior, LinearCoeffd, on vote share via quality challenger entry is equal to (β5δ1+DistPartisanship[β5δ3]).
For sake of simplicity, we assume that the error terms, denoted εV and εQ, are independent, and we calculate
the standard errors of the marginal effects using the delta method.

The results of structural equation model is shown in Supplemental Appendix Table 1. Note that the
QualityChall coefficient in the vote share equation (β5) is negative and statistically significant, as it is in
the manuscript. In addition, the constitutive LinearCoeffd term in the quality challenger equation (δ1)
is negative and statistically significant, suggesting that for low levels of district partisan support, early
cycle movement toward partisan independence discourages quality challenger entry. And the positive and
statistically significant interaction term (δ3) indicates that this effect is moderated by increasing district
partisan support. Together these findings point to vote share returns for members who exhibit early cycle
partisan independence, especially among members in less hospitable districts. To aid in interpretation,
we present the indirect marginal effects of LinearCoeffd on vote share (via quality challenger entry) in
Supplemental Appendix Figure 1 across the minimum (i.e., low), mean, and maximum (i.e., high) levels of
district partisan support, as done in the manuscript. We find that the indirect marginal effect is not only
statistically meaningful but of a magnitude of interest for members representing tenuously held districts
with low district partisan support. For such districts, movement toward partisan independence early in the
election cycle yields sizable returns to vote share by way of suppressing the entry of quality challengers.
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Vote Share Equation Quality Challenger Equation

Linear Coefficient1 (β1) 0.0685**
(0.0331)

Linear Coefficientfd (δ1) −0.4677**
(0.2226)

District Partisanship (β2, δ2) 22.1156** −0.2031**
(1.2384) (0.0555)

Linear Coefficient1 × −0.1464**
District Partisanship (β3) (0.0589)

Linear Coefficientfd × 0.7124**
District Partisanship (δ3) (0.3565)

Knot1 (β4) 0.0002
(0.0004)

Knot2 (δ4) −2.79e-05
(2.48e-05)

Quality Challenger (β5) −3.2477**
(0.2267)

Freshman 1.7448** 0.0954**
(0.3424) (0.0198)

Midterm −4.9762** 0.0528**
(0.1750) (0.0104)

Presidential Approval 0.1464** −0.0014**
(0.0100) (0.0006)

Change in Personal Income −0.3935** 0.0034
(0.0357) (0.0021)

In-Party President 1.9846** −0.0234**
(0.1702) (0.0109)

Primary Challenge −1.3454** 0.0007
(0.1852) (0.0109)

Redistricted −0.1524 0.0025
(0.3433) (0.0202)

Lagged Aggregate Party Unity −0.0117 0.0004
(0.0126) (0.0004)

Lagged Vote Share 0.4838** −0.0097**
(0.0148) (0.0006)

Aggregate Party Unity −0.0264
(0.0139)

Ideological Extremity 0.5480
(0.8888)

Election Cycle Fixed Effects Yes Yes

Constant 24.2803** 0.9147**
( 1.0089) (0.0493)

Link Function Identity Identity
N 5,968 6,479

Table 1: Structural Equation Model
Notes: Robust standard errors in parentheses. * denotes p ≤ 0.10 and ** denotes
p ≤ 0.05.
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Figure 1: Indirect Marginal Effects of Early Cycle Dynamic Behavior on
Vote Share Via Quality Challenger Entry
Note: Figures present 95% confidence intervals to test point predictions.
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B Using Win/Loss Outcome as Dependent Variable

In this section, we estimate the model shown in Manuscript Equation 2 (with results presented in Manuscript
Table 1) for the entire period of analysis using an indicator for whether the incumbent was reelected (i.e.,
win/loss) as the dependent variable in lieu of the incumbent’s vote share (as shown in the manuscript). To
retain the structure of the model in the manuscript, we also include the lagged dependent variable. Since
incumbent losses were a relative rarity during the period of analysis (approximately 5% of cases), we estimate
the model using penalized maximum likelihood logistic regression (Firth, 1993; Heinze and Schemper, 2002).
The results are presented in Supplemental Appendix Table 2, along with the results after preprocessing
the data using the matching methods described in the manuscript. For the unmatched data, we find that
near-election dynamic behavior, Linear Coefficient1, has the expected effect on an incumbent’s likelihood
of winning reelection (at p < 0.1), although the interaction term falls short of conventional standards of
statistical significance (p = 0.112). We similarly find the expected results using the matched data, with both
the constitutive and interaction terms achieving statistical significance at the p < 0.05 level. In short, these
results are strikingly consistent with those reported in the manuscript using vote share as the dependent
variable.

Unmatched Data Matched Data

Linear Coefficient1 (Treatment) 0.2885* 1.7959**
(0.1743) (0.9024)

District Partisanship 3.7201** 6.1558**
(0.8735) (1.4483)

Linear Coefficient1 (Treatment) × −0.4949 −3.7146**
District Partisanship (0.3112) (1.8128)

Knot1 3.52e-05 0.0002
(0.0003) (0.0004)

Quality Challenger −0.9284** −0.6581**
(0.1292) (0.1750)

Freshman −0.0873 0.0092
(0.2535) (0.2888)

Midterm −1.8241** −1.6543**
(0.1881) (0.3323)

Presidential Approval 0.0546** 0.0565**
(0.0094) (0.0138)

Change in Personal Income −0.0955** −0.0882
(0.0381) (0.0767)

In-Party President 0.8354** 0.9919**
(0.1891) (0.3739)

Primary Challenge −0.6156** −0.4151**
(0.1286) (0.1723)

Redistricted 0.0498 −1.0470**
(0.2434) (0.3798)

Aggregate Party Unity −0.0235** −0.0272**
(0.0081) (0.0123)

Lagged Aggregate Party Unity 0.0010 0.0103
(0.0063) (0.0093)

Ideological Extremity 0.7942 1.2635
(0.6689) (1.0883)

Lagged Vote Share 0.1224** 0.1134**
(0.0111) (0.0137)

Lagged Incumbent Victory −0.8299** −0.9391**
(0.2976) (0.3464)

Election Cycle Fixed Effects Yes Yes

Constant −3.3676** −4.4390**
(0.8319) (1.1278)

N 6,467 3,466

Table 2: Effects of Near-Election Change in Party Unity on Reelection
Outcome
Notes: Models estimated using penalized maximum likelihood logistic regression,
with standard errors in parentheses. * denotes p ≤ 0.10 and ** denotes p ≤ 0.05.
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C Controlling for Variations in the Legislative Agenda

In this section, we present the core models in the manuscript along with controls for variation in the legislative
agenda across time. Crespin, Rohde and Vander Wielen (2013) find that different types of votes are associated
with different levels of observed elite party loyalty. Moreover, Lindstädt and Vander Wielen (2014) find
evidence that party leaders structure the agenda in a fashion that encourages (discourages) consensual
(divisive) votes as elections approach. While the structure of our design mitigates agenda effects by evaluating
the electoral implications of legislative behavior among members who, in a given election cycle, are exposed
to identical agenda items at any given point in time, we perform this robustness check to ensure that
variation across election cycles in terms of the content of the agenda is not driving the results reported in
the manuscript. We do this by controlling for the vote type composition of the House agenda in the final
tertile of the election cycle. We use the final tertile since the average Knot1 occurs with approximately
one-third of the election cycle remaining. Following Crespin, Rohde and Vander Wielen (2013), we account
for the percentage of six vote types during this period: regular passage votes, suspensions, miscellaneous
passage, amendments, partisan procedural votes, and miscellaneous procedural votes (used as the baseline).
The results are presented in Supplemental Appendix Table 3. As shown, controlling for the composition of
the agenda, while having some predictive power, does not substantively alter the results.
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Model 1 Model 2
(1956-2004) (1978-2004)

Linear Coefficient1 (Treatment) 0.0681** 0.2634**
(0.0344) (0.1257)

District Partisanship 22.1431** 23.3724**
(1.2680) (1.5798)

Linear Coefficient1 (Treatment) × −0.1457** −0.4141**
District Partisanship (0.0615) (0.1285)

Knot1 0.0003 0.0009*
(0.0004) (0.0005)

Quality Challenger −3.2461** −2.0739**
(0.2314) (0.2937)

Freshman 1.7387** 0.8289**
(0.3441) (0.3480)

Midterm −4.9790** −3.3143**
(0.1674) (0.2544)

Presidential Approval 0.1467** 0.1122**
(0.0102) (0.0127)

Change in Personal Income −0.3936** −0.0732
(0.0360) (0.0575)

In-Party President 1.9891** 0.9723**
(0.1657) (0.2798)

Primary Challenge −1.3460** −1.1172**
(0.1880) (0.2245)

Redistricted −0.1443 0.1496
(0.3321) (0.5005)

Aggregate Party Unity −0.0272* −0.0048
(0.0141) (0.0181)

Lagged Aggregate Party Unity −0.0116 −0.0274*
(0.0125) (0.0154)

Ideological Extremity 0.5589 −1.9493*
(0.9505) (1.1727)

Lagged Vote Share 0.4833** 0.3607**
(0.0145) (0.0179)

Percent Regular Passage Votes 0.4593** 0.1599
(0.1597) (0.3889)

Percent Suspension Votes 0.8545** 1.0497**
(0.2962) (0.2800)

Percent Other Passage Votes −0.2199 0.2664
(0.3247) (0.4381)

Percent Amendment Votes 0.6268** 0.7498**
(0.1898) (0.2038)

Percent Partisan Procedural Votes 0.4254 0.9271*
(0.3094) (0.4861)

Spending Gap −2.2016**
(0.0982)

Election Cycle Fixed Effects Yes Yes

Constant −18.0996 −25.8356
(17.9524) (20.7120)

N 5,968 3,466

Table 3: Effects of Near-Election Change in Party Unity on Vote Share
— Controlling for the Legislative Agenda
Notes: Clustered standard errors (on unique members) in parentheses. * denotes
p ≤ 0.10 and ** denotes p ≤ 0.05.
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D The Effects of District Composition on Members’ Party Unity

Given the core findings of the manuscript, which suggest that members who represent tenuously held districts
are rewarded for reducing party loyalty as elections approach whereas those representing more favorable
districts have less incentive to do so (or even a disincentive), a clear implication of this study is that we should
observe meaningful differences in dynamic behavior across members on the basis of the composition of their
districts. In particular, vulnerable members should be more inclined to demonstrate partisan independence
than those who are more secure in close proximity to elections.

We begin this analysis by partitioning the election cycle (i.e., the period between elections) into three,
equally spaced periods. We do this to be consistent with the three-segment piecewise linear spline approach
used in the manuscript, although other delineations of time yield substantively similar results. We are
interested in discerning whether (1) members exhibit statistically meaningful variation in party unity relative
to elections and (2) whether the patterns in dynamic party unity diverge across members with different
district compositions. Namely, we anticipate that members will exhibit decreasing levels of party unity as
elections approach, but members representing districts with favorable partisan composition will exhibit less
movement towards partisan independence (or even an increase in partisan independence) than their more
vulnerable counterparts in the waning period of the election cycle.

To examine this proposition, we estimate the ordinary least squares (OLS) model shown in Supplemental
Appendix Equation 4 for two different dependent variables yt based on member i’s party unity score in tertile
(of time) t = {1, 2, 3}. The first of these dependent variables, termed Party Unityt ∈ [0, 100], measures the
observed party unity score in period t, and the second dependent variable, termed Party Unityt Difference
∈ [−100, 100], measures the difference between the observed party unity score in period t and member i’s
lagged party unity score (aggregated) from the preceding Congress. The first of these dependent variables
offers a direct test of these propositions. The logic of the latter dependent variable is that it offers insight into
time-dependent deviations in partisan behavior from what might be considered a member’s stable propensity
for party support. In other words, if we consider high-ordered aggregation of party unity to be indicative
of a member’s baseline level of party support, then this dependent variable uncovers systematic movement
away from that baseline.

yt = β0 + β1Beginning(t = 1)Dummy + β2End(t = 3)Dummy + β3DistPartisanship+

β4Beginning(t = 1)Dummy ×DistPartisanship+ β5End(t = 3)Dummy × (4)

DistPartisanship+ βx′ + ε

The key independent variables are indicator variables that measure whether the party unity score for
member i occurred in the beginning third of the election cycle (where t = 1) or in the final third (where
t = 3), with the middle third (t = 2) serving as the baseline without loss of generality. District Partisanship
is measured as the proportion of the two-party vote that the presidential nominee belonging to member
i’s party received in her district. This is a commonly used measure of district-level partisanship (e.g.,
Erikson and Wright, 2000; Ansolabehere, Snyder and Stewart, 2001; Canes-Wrone, Brady and Cogan, 2002),
and is included here to account for the variation across districts in terms of constituent opposition to elite
partisan behavior. We then interact the dummy variables for election cycle periods with District Partisanship
to account for possible differences in member behavior on the basis of district composition. The vector x
denotes the control variables included in the equation, and β denotes the vector of corresponding coefficients.
We utilize the same control variables used in the core models presented in Manuscript Table 1, although we
exclude those variables that tap member behavior in the current election cycle (i.e., Ideological Extremity
and Aggregate Party Unity) to avoid overfitting behavior. We note that since lagged party unity is imbedded
in the dependent variable of the second model, we do not include it as a control in that equation. We again
include fixed effects for election cycles, and the models cluster standard errors on unique members to account
for the presence of repeated measurements.

Supplemental Appendix Table 4 presents the results of the model from Supplemental Appendix Equation
4. Most importantly for our purposes, we find that the coefficients for the key dummy variables have the
anticipated signs and are statistically significant in both of the models. In the Party Unityt model, we find
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that party unity is discernibly higher in the beginning third of the election cycle (positive Beginning Dummy)
and lower in the final third (negative End Dummy) relative to the middle third, even when controlling for a
member’s baseline propensity for party unity (i.e., Lagged Party Unity) and other covariates. Similarly, in
the Party Unityt Difference model, we find that a member’s party unity exceeds her baseline propensity for
party unity in the beginning third and drops below in the final third. Furthermore, District Partisanship
is positive and statistically significant in both models, suggesting that, on average, members exhibit higher
levels of party loyalty in friendly partisan districts.

To aid in interpreting these results, we simulate the point predictions and 83.5% confidence intervals for
party unity across the three subsets of time in the election cycle. Since we are interested in determining
statistically meaningful variation in predicted party unity across the periods of the election cycle, and
across members with different district compositions, it is appropriate to use 83.5% confidence intervals as
a two-tailed test of statistical significance at the conventional α = 0.05 level (Goldstein and Healy, 1995;
Maghsoodloo and Huang, 2010). Supplemental Appendix Figure 2(a) shows the simulated predictions of
party unity for each tertile of the election cycle derived from the Party Unityt model, holding all other
variables at their means. We see that all members — those from districts with low (i.e., unfavorable)
and high (i.e., favorable) partisan support — exhibit movement towards partisan independence as elections
approach. Importantly, we see that members with high district partisan support have higher party unity
scores, on average, and show less movement towards partisan independence across time. In fact, the predicted
decline in party loyalty among members with high district partisan support over the election cycle is less than
half of that for members with low district partisan support (4 versus 8.37 percentage points, respectively).
Variation in party unity stability is evident in Supplemental Appendix Figure 2(b), which shows the simulated
predictions of party unity change (relative to lagged party unity) for each tertile of the election cycle derived
from the Party Unityt Difference model, holding all other variables at their means. We see that members
with high district partisan support show changes across the tertiles that are (1) more stable (i.e., closer to
the zero line), and (2) less prone to partisan independence in the later periods.
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Party Unityt Party Unityt Difference

Beginning (t = 1) Dummy 4.4571** 4.4416**
(0.5958) (0.6025)

End (t = 3) Dummy −1.1050** −1.0928**
(0.5000) (0.5002)

District Partisanship 15.3658** 3.3406**
(1.8198) (1.5351)

Beginning (t = 1) Dummy × −4.1542** −4.1214**
District Partisanship (0.9968) (1.0070)

End (t = 3) Dummy × 0.6777 0.6631
District Partisanship (0.8532) (0.8535)

Quality Challenger 0.1826 0.1162
(0.3052) (0.3240)

Freshman −0.2954 0.2633
(0.6355) (0.7179)

Midterm −0.6831** −0.7192**
(0.2358) (0.2585)

Presidential Approval −0.0237* 0.0135
(0.0132) (0.0141)

Change in Personal Income −0.1500** −0.0875*
(0.0467) (0.0512)

In-Party President −0.1834 0.3299
(0.2538) (0.2660)

Primary Challenge −0.2585 −0.5586**
(0.2562) (0.2595)

Redistricted −0.5186 −0.5159
(0.5058) (0.5347)

Lagged Vote Share −0.0663 −0.0179
(0.0181) (0.0180)

Lagged Aggregate Party Unity 0.8013**
(0.0152)

Election Cycle Fixed Effects Yes Yes

Constant 8.4416** −3.6251**
(1.5579) (1.1236)

N 16,282 16,282

Table 4: Changes in Party Unity Relative to Elections
Notes: Clustered standard errors (on unique members) in parentheses. The de-
pendent variable Party Unityt measures the observed party unity scores at time
t, and Party Unityt Difference measures the real difference between Party Unityt

and the member’s lagged party unity score form the preceding Congress. * denotes
p ≤ 0.10 and ** denotes p ≤ 0.05.
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Figure 2: Predicted Party Unity Across Tertiles of Election Cycle
Note: Figures present 83.5% confidence intervals, which are appropriate
for achieving a type I error rate of 5% (i.e., 95% confidence) when making
inferences by comparing confidence intervals.
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