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Appendix A: Details on estimating tactical incentives

The tactical incentive τ is defined as the maximum difference in expected utility between an
insincere vote and a sincere vote:

τ ≡ max
j

p(j) · u− p(1) · u, (A.1)

where p(j) ≡ {p1(j), p2(j), . . . , pK(j)} is the probability of each candidate being elected when
the voter votes for candidate j and u = {u1, u2, . . . , uK} is the voter’s VNM utility from electing
each of the K candidates. To measure τ it is useful to decompose p(j) as follows. Let πk denote
the probability that candidate k wins by more than 1 vote, and let πjk denote the probability
that candidate j and k tie for first. Assume that (i) for any pair of candidates there is a fixed rule
about which one wins in the event of a tie,2 (ii) the probability of any candidate leading another
by one vote is the same as the probability of those two candidates being tied for first, and (iii)
ties involving more than two candidates can be ignored (as Fisher and Myatt (2017) show is
reasonable in a large electorate). Then pj(j) = πj + 2

∑
k 6=j πjk and pk(j) = πk +

∑
l 6∈{j,k} πkl,

so that e.g.

p(1) =

π1 + 2
∑
k 6=1

π1k, π2 +
∑

l 6∈{1,2}

π2l, π3 +
∑

l 6∈{1,3}

π3l, . . . , πK +
∑

l 6∈{1,K}

πKl

 .

Now, define p̃(j) = p(j)−{π1, π2, . . . , πK} and observe that p̃(j) ·u = p(j) ·u−C, from which
it follows that we can estimate τ using the p̃(j)s instead of p(j)s. This means that we can
estimate τ as a function of pivot probabilities and utilities only (ignoring events in which any
candidate wins by more than one vote), which is helpful because it is easier to estimate e.g. πjk
precisely than it is to estimate e.g. πj precisely.

To estimate the pivot probabilities, we begin with a model of counterfactual election out-
comes.3 We model counterfactual candidate vote shares using a Dirichlet distribution (c.f.
Fisher and Myatt, 2017), which assigns a positive probability mass to every point on a simplex.
The distribution of vote shares for K parties can be characterized by a Dirichlet distribution
with parameter vector sv ≡ {sv1, sv2, . . . , svK}, where v is the expected value of the distribu-
tion and s is a measure of precision. As noted in the main text of the article, we set v equal
to the observed vote shares in the election. To ensure that our model has a level of uncer-
tainty similar to that of an informed expert, we set s to maximize the joint likelihood of all
constituency-level forecasts in the 2005, 2010, and 2015 elections assuming that the mean result
in each constituency is the observed result. More specifically, we solve the problem

arg max
s

∏
t

∏
i

Dir
(
xit; svit

)
(A.2)

where s is the level of precision, xit and vit are the vector of forecasted vote shares and actual
vote shares (respectively) in constituency i at time t, and Dir(xit; svit) gives the density of the
Dirichlet distribution at xit given parameter vector svit.

The next step is to derive pivot probabilities from this model. Fisher and Myatt (2017) show
that with a Dirichlet model of election outcomes for three candidates one can calculate pivotal
probabilities analytically.4 Here we develop a more flexible approach that can be applied to an

2This assumption is innocuous but eliminates the need to distinguish between ties and near-ties.
3In a similar exercise, Gelman, King and Boscardin (1998) and Gelman, Silver and Edlin (2012) use a model

of U.S. presidential election outcomes to estimate the probability of casting a decisive vote in each state.
4See also Hoffman (1982), who discusses the general case and numerically computes pivot probabilities for
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arbitrary number of candidates as well as alternative electoral rules.
A brute-force way to approximate the pivot probability for a pair of candidates is to draw a

large number of simulated elections from the model and compute the proportion of ties for first
involving that pair. (Given the Dirichlet is a continuous distribution, a “tie for first” could mean
the two candidates are separated by a share of less than 1/n, where n is the number of voters,
and others get lower shares.) To improve precision for a given number of simulated elections,
one might instead calculate the proportion of simulations in which the two candidates finish in
the lead with vote shares within x of each other, and divide that proportion by xn; there is a
bias-variance tradeoff involved, with larger x causing bias to the extent that the density differs
at ties for first and near-ties for first.

We introduce a numerical alternative that generally reproduces the pivot probabilities es-
timated by the brute-force simulation approach but much more quickly, particularly when the
pivot probabilities are very low. Given K parties, the pivot probability for parties 1 and 2 is
approximately

1

n

∫ 1/2

1/K
Pr(x1 = x2 = y, x3 < y, . . . , xK < y)dy, (A.3)

where x1, x2, . . . xK are realized vote shares for parties 1, 2, . . .K. To see this, note first that
we want to calculate the probability of a vector of vote shares where 1 and 2 are essentially
tied and a single vote could change the outcome. The change in a candidate’s vote share
accomplished by adding a single vote is approximately 1/n (the leading term in expression
A.3).5 Pr(x1 = x2 = y, x3 < y, . . . , xK < y) describes the probability of candidates 1 and 2
tying for first with a vote share of y; we integrate for y between 1/K and 1/2, which are the
lowest and highest possible vote shares of two candidates tied for first. To make progress in
computing expression A.3, we transform the joint probability into a conditional probability and
make an independence assumption:

Pr(x1 = x2 = y, x3 < y, . . . , xK < y) = Pr(x1 = x2 = y)Pr(x3 < y, . . . , xK < y|x1 = x2 = y)

≈ Pr(x1 = x2 = y)

K∏
i=3

Pr(xi < y|x1 = x2 = y) (A.4)

The independence assumption we make is that the joint probability of all parties from 3 to
K being below y (conditional on 1 and 2 get y) is given by the product of the conditional
probabilities for each party taken separately. This assumption saves us from having to calculate
an integral over multiple dimensions, and we show below that its implications appear to be fairly
innocuous. Next we apply the “aggregate property” of Dirichlet distributions to compute this
object for a specific model of election outcomes. If we have K vote shares distributed according
to Dir(α1, α2, . . . , αK), the aggregate property says that the first two vote shares and the sum
of the remaining vote shares are distributed according to Dir(α1, α2,

∑K
i=3 αi). Thus we have

Pr(x1 = x2 = y) = Dir
(
y, y, 1− 2y; sv1, sv2, s(1− v1 − v2)

)
. (A.5)

Again using the aggregate property it can be shown that if we have K vote shares distributed

the three-candidate case using a Gaussian (though noting that a Dirichlet may be better). Hoffman (1982)’s
Figure 1 is a beautiful representation of the integration necessary to compute pivot probabilities, again for the
three-candidate case. Palfrey (1989) introduces a multinomial approach, later used by Herrmann, Munzert and
Selb (2015).

5The Dirichlet model describes vote shares as continuous variables; multiplying by 1/n reconnects the model
to the discrete character of elections.
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according to Dir(sv), then

Pr(x3 = z|x1 = x2 = y) = Beta

(
z

1− 2y
;α3,

K∑
i=4

αi

)
. (A.6)

Note that the Beta distribution is just a special case of the Dirichlet distribution when K = 2.
To calculate the probability that the vote share of party 3 is at z (given that parties 1 and 2
are both at y), we consider parties 3 to K to be dividing up the remaining 1− 2y of vote share
(such that we are evaluating the probability of party 3 at z/(1− 2y)), and we use the aggregate
property to lump together parties 4 through K.

Putting all of this together, we have that Pr(x1 = x2 = y, x3 < y, . . . , xK < y) is approxi-
mately

Dir
(
y, y, 1− 2y; sv1, sv2, s(1− v1 − v2)

) K∏
i=3

∫ y

0
Beta

( z

1− 2y
; svi, s

K∑
j=3

vj − svi
)
dz (A.7)

To calculate the pivot probability for candidates 1 and 2, we substitute this expression into
expression A.3 and numerically integrate across values of y between 1/K and 1/2.

To demonstrate the validity of the method, we generate pivot probabilities for election
results from UK constituencies in the 2005, 2010, and 2015 general elections at three levels of s
using both our analytical/numerical approximation and a brute-force simulation method. For
the simulation approach, we obtain 1 million draws for each election and we judge a near-tie
for first to be a case where two parties have a vote share within one percentage point of each
other and all other parties are lower; with this number of simulations (and non-optimized code),
calculating pivot probabilities for a single value of s and a single election for 632 constituencies
requires several hours. Our approach involves some calculation and numerical integration but
is many hundreds of times faster. To validate our approach, we seek to establish that we can
recover the pivot probabilities given by the simulation for cases where the simulation should
work well (i.e., cases where the true pivot probabilities are not too small) and that our approach
beats the simulation in other cases.

As a first validation, we compute the following for every election race using both the simu-
lation approach and our approach:

ln
πLab−Con
πLD−Con

(A.8)

where πA−B is the probability of a tie for first between party A and party B. Figure A.1 com-
pares this statistic as calculated by the simulation approach (horizontal axis) and our approach
(vertical axis) for every constituency in the 2005, 2010, and 2015 general elections assuming
s = 8 (left panel), s = 20 (center panel), and s = 85 (right panel). The results are clearly very
similar in general.

Our method clearly outperforms a brute-force simulation approach in many cases not shown
in Figure A.1: namely, those cases where the simulation method yielded a pivot probability of
zero (and thus the log ratio of pivot probabilities is infinite or undefined). In these cases our
approach is clearly preferred because it yields a positive pivot probability even for very unlikely
events. To give a sense of the scale of the issue, consider the case where s = 85. Across
the elections of 2005, 2010, and 2015, there are slightly more than 16,000 party pairings for
which we can calculate a pivot probability; in the modal race there are five parties competing,
meaning 10 unique pairings for which we can calculate a pivot probability. With our approach
we obtain a positive pivot probability for all of these pairs. With the simulation approach and
s = 85 we obtain a positive pivot probability for only around 4,500, or 28%; the remaining
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Figure A.1: Our analytical/numerical approach recovers pivot probabilities produced by a sim-
ulation

−15 −10 −5 0 5 10 15

−
15

−
10

−
5

0
5

10
15

s = 8

Simulation method

A
na

ly
tic

al
 m

et
ho

d

−15 −10 −5 0 5 10 15

−
15

−
10

−
5

0
5

10
15

s = 20

Simulation method

A
na

ly
tic

al
 m

et
ho

d

−15 −10 −5 0 5 10 15

−
15

−
10

−
5

0
5

10
15

s = 85

Simulation method

A
na

ly
tic

al
 m

et
ho

d

Note: We compute pivot probabilities for every pair of parties in each election in 2005, 2010, and 2015 using

both a brute-force simulation approach and our analytical/numerical approach. In each panel, each dot shows the

log of the ratio of the Lab-Con pivot probability to the LibDem-Con pivot probability for a single constituency

contest using the simulation approach (horizontal axis) and our approach (vertical axis).

72% are zero. In many cases it may not matter whether the pivot probability is zero (as with
the simulation approach) or a very small positive number (as with our approach), but it does
matter when all of the pivot probabilities in a given case are quite small (as when one party
has a comfortable lead). In such cases relative pivot probabilities produced by the simulation
approach may depend heavily on random variation, because for a finite number of simulations
the estimated probability could be zero or a very small number, which might have very different
implications for analysis; also, the simulation method could yield zeros for all pivot probabilities
in a given setting, in which case it is difficult to know how to proceed. Researchers may choose
to ignore cases with very low absolute pivot probabilities (we do not), but they should not do
so simply because the simulation method gives coarse estimates of very rare events.

A2: Formal relationship between τ and Myatt’s Λ

Most prior research has used ad hoc approaches to identify the set of voters who might benefit
from an insincere vote (e.g. those whose preferred candidate finishes third or lower) or to mea-
sure the intensity of the incentive to vote insincerely (e.g. using the electoral margin between
the leading candidates or the gap in the like/dislike scores the voter assigns to the leading
candidates). An important exception is the strategic incentive variable Λ introduced by Myatt
(2000) and used in Fisher (2001), Herrmann, Munzert and Selb (2015), and Fisher and Myatt
(2017). Fisher and Myatt (2017) defines Λ as π23−π13

π23+2π12
, where e.g. π23 refers to the probability

of a tie for first between the voter’s second- and third-choice candidates; Fisher and Myatt
(2017)’s Proposition 1 shows that the voter optimally votes for her second choice if and only
if Λ > ũ ≡ u1−u2

u1−u3 , where e.g. u1 is the voter’s utility from electing her first-choice candidate.
Thus Λ encodes information about the voter’s preference order and electoral context (but not
preference intensity) into a single scalar measure which, when combined with another scalar
measure ũ characterizing relative preferences among the three candidates, indicates the optimal
vote. Here we show that in the three-candidate case our measure of tactical incentives τ can be
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rewritten in terms of Myatt’s Λ and ũ as τ = (u1 − u3)(π23 + 2π12) (Λ− ũ). Thus the sign of τ
always indicates the same optimal vote that Λ− ũ does, but τ additionally encodes information
about the scale of preferences and pivot probabilities that is omitted in Myatt’s approach.

We begin by writing out τ for the three-candidate case as

τ = p̃(2) · u− p̃(1) · u

=

[
π13u1 + 2 (π12 + π23)u2 + π13u3

]
−
[
2 (π12 + π13)u1 + π23u2 + π23u3

]
= 2π12(u2 − u1) + π23(u2 − u3)− π13(u1 − u3), (A.9)

adding and subtracting π23u1 to get

τ = 2π12(u2 − u1) + π23(u1 − u3)− π23(u1 − u2)− π13(u1 − u3),

and rearranging as

τ = (π23 − π13)(u1 − u3)− (π23 + 2π12)(u1 − u2).

Finally we divide both sides by (u1 − u3)(π23 + 2π12), which produces

τ = (u1 − u3)(π23 + 2π12) (Λ− ũ) . (A.10)

Because (u1 − u3) is positive by definition, τ and Λ − ũ must have the same sign: the two
measures always agree about whether a tactical vote is optimal. Fisher and Myatt (2017) use
Λ as a measure of the incentive to vote tactically for one’s second choice. Inspecting equation
A.10, τ can be seen to (i) incorporate information about relative preference (ũ) and (ii) preserve
information about the scale of preferences (u1−u3) and the absolute electoral stakes (π23+2π12).

We see τ as distinct from Myatt’s Λ in three principal ways. First, τ directly incorporates the
electoral context and VNM preferences into a single scalar measure, whereas Myatt’s approach
deliberately separates the electoral context (summarized by Λ) from relative preferences (ũ).
Whether this separation is desirable depends on the availability of a proxy for VNM utilities
and one’s model of voting behavior. Second, τ retains information about the absolute scale of
tactical voting incentives (i.e. how much a voter stands to benefit or lose on the scale of the
utility proxy by voting for a non-preferred candidate) that Myatt’s approach discards; retaining
scale information is desirable if one’s model of voter behavior is the one in Section 2 above, but
may not be in other cases. Third, Myatt’s approach applies only to the three-candidate case,
whereas τ can be computed for any number of candidates. In essentially three-candidate races
where no adequate proxy for VNM preferences is available (such as the pre-2005 UK elections
in Fisher and Myatt (2017)), Λ is the ideal scalar measure of tactical voting incentives; when
a better preference measure is available (including in races with more than three candidates),
τ captures in a single scalar measure both whether and to what extent a tactical vote is called
for.
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Appendix B: Testing explanations for heterogeneity in strategic
responsiveness

What explains the heterogeneity in strategic responsiveness by social characteristics that is
documented in the main text? Here we extend the basic regression specification reported above
to provide some initial evidence concerning a number of different possible explanations. Each
explanation we will consider involves a third omitted variable Zi, which is itself associated with
responsiveness to measured tactical incentives and is also correlated with the social characteristic
of interest (or, alternatively, is differentially correlated with levels of τ for voters with and
without the social characteristic of interest).

Our strategy for testing each explanation is to assess whether the interactions reported in
Figure 5 of the main text – specifically, those estimated controlling for bins of τ – are attenuated
when we re-estimate each regression model and add a control for Zi and for the interaction
between Zi and I(τi > 0).

First, it may be that observed differences in responsiveness to tactical incentives across
voters with and without a social characteristic of interest are really explained by variation in
another of the five basic characteristics considered in this study. For example, the observed
increase in strategic responsiveness by age may be driven by income, if higher income voters are
more responsive to τ and if income is positively correlated with age.6 Therefore, we examine
how the estimated interaction between the social characteristic of interest and I{τi > 0} changes
when we re-estimate the baseline model four times, each time controlling for one of the four
remaining social variables and its interaction with I{τi > 0}.

Second, we examine whether observed differences in strategic responsiveness by social char-
acteristic are explained by variation in party support, either because supporters of different
parties differ systematically in their objectives (expressiveness/farsightedness) or their percep-
tions of pivotal probabilities. We test for this by controlling for a series of indicators as to which
party a voter most prefers and the interaction of these indicators with I{τi > 0}.7

Third, we examine whether differences in strategic responsiveness by social characteristics
may be driven by differences in intensity of party identification, a variable found to be strongly
associated with likelihood of voting tactically in previous research (Niemi, Whitten and Franklin,
1992; Evans, 1994; Fisher, 2001). If party identification reflects an emotive attachment to
a political party that is not fully reflected in like-dislike scores, voters with stronger party
identifications may be less willing to vote tactically for a given value of τ . If, in addition,
strength of party identifications is correlated with social characteristics, this may explain why
voters with certain social characteristics are more or less responsive to tactically incentives.
We test for this by controlling for strength of voters’ self-reported party identification and its
interaction with I{τi > 0}.8

Fourth, we examine whether observed differences in strategic responsiveness by social char-
acteristics arise because voters with certain social characteristics more accurately anticipate
election outcomes in their constituencies. To assess this explanation, we control for an indicator

6 It could also be, for example, that higher income voters are more strategically responsive and that income
is positively associated with τ for old voters but negatively associated with τ for young voters, generating the
observed association between age and responsiveness to τ .

7 We set Conservative support as the reference category and include indicators for Labour, Liberal Democrat,
UKIP, SNP, Plaid Cymru or Green support. For voters who indicate a clear most-preferred party in their like-
dislike scores, we code this party as the one they support. Where there is no clear most-preferred party according
to like-dislike scores, due to ties, but where a voter reports identifying with or feeling ‘closer’ to a party in
response to party ID questions, we code party support based these latter questions.

8 Strength of party identification is coded into four categories: no party ID, ‘not very strong’, ‘fairly strong’,
‘very strong’. We set no party ID as the reference category in regressions.
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measuring whether a respondent correctly anticipates which party will win their seat (and the
interaction between this indicator and I{τi > 0}). This is measured based on whether, when
asked in the campaign wave of the BES how likely it was that each party would win the election
in their constituency, a respondent assigns the highest likelihood to the party that ultimately
won the seat.

Fifth, we examine whether observed heterogeneity in strategic responsiveness are explained
by variation in campaign intensity. Party constituency campaigns parties try to mobilise tacti-
cal votes (Fisher, 2001) and it may be that voters with certain social characteristics tend to be
located in areas where party election campaigns are more intense. We test this explanation by
controlling for a number of alternative proxies for the election campaign intensity a respondent
is likely to have experienced (and the interaction between each proxy and I{τi > 0}): previous
winning margin – the difference in vote share between the first and second-placed party in the
respondent’s constituency at the last election – which should be negatively related to campaign
intensity; anticipated winning margin, according to contemporary poll-based forecasts; an in-
dicator measuring whether a respondent reports being contacted by a political party in the
past four weeks. We also subset the data to 2015 observations only and control for reported
constituency campaign spending during, respectively, the long and short campaign.9

Sixth, we examine whether heterogeneity in strategic responsiveness by voter social charac-
teristics is driven by variation in individuals’ political knowledge, tendency toward instrumental
decision-making, or perceived vote efficacy. We expect voters higher in each of these traits to
display voting behavior that is more responsive to tactical incentives, and it could be that these
traits are correlated with social characteristics.10 Our measure of political knowledge is the
proportion of correct answers a respondent gives to the domestic and international political
knowledge batteries contained in the 2015 BES. Our measure of self-reported tendency toward
instrumental political decision-making (hereafter labeled “strategic predisposition”) is based on
2015 BES respondents self-reported level of agreement with two statements, “People should vote
for the party they like the most, even if it’s not likely to win” and “People who vote for small
parties are throwing away their vote”, recorded on a five-point scale. We take the average of a
respondent’s level of agreement to the two statements after reversing the polarity of response
scale for the first statement. Our measure of respondent perceived vote efficacy is based on
responses to the question, “How likely is it that your vote will make a difference in terms of
which party wins the election in your local constituency?”. The response scale was a 0-10 scale
where 0 represents “very unlikely” and 10 represents “very likely”.

Figure B.1 reports the results of this exercise. Each panel corresponds to a particular I{τi >
0}× group membership interaction. In each panel, row 1 plots our ‘baseline’ estimate of this
interaction, as well as the corresponding 95% confidence interval, based on regression equation 2
in the main text. Rows 2-12 show how the estimated interaction of interest changes when we re-
estimate the baseline model, each time controlling for a different Zi variable representing one of
the possible explanations for heterogeneity in strategic responsiveness. In rows 14-18 (i.e. those
highlighted in gray) we deal with explanations involving a Zi variable that is only measured
for the 2015 election data. Therefore, in row 13 we display a ‘2015 baseline’ estimate of the
I{τi > 0}× group membership interaction, to serve as an appropriate point of comparison.11

The stability of estimates in rows 1-6 of each panel of Figure B.1 suggests that any observed

9 Our measure is based on Electoral Commission measures of party campaign spending in each constituency
as a percentage of the campaign spending limit for that constituency. We take the average score of the two
top-spending parties in each constituency as our measure of spending intensity.

10 It may also be that the correlation between these traits and observed levels of τi differs among voters with
and without a social characteristic of interest, and that this drives observed variation in responsiveness to τi by
social characteristic.

11 These estimates are equivalent to the 2015 estimates displayed in Figure 7, main text.
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heterogeneity in strategic responsiveness by one of our five demographic or political variables of
interest (education, income, age, gender and political leaning) is not well explained by variation
in any of the other four remaining variables. Interestingly, however, inspection of row 3 indicates
that, once we control for age and its interaction with τ > 0, the estimated difference in strategic
responsiveness between voters with the highest and lowest levels of education becomes positive
and significant, though it remains relatively small.

Furthermore, in each panel, the point estimates of the interaction of interest change little
from the relevant baseline estimate when we control for strength of party identification (rows
8 vs 1), accuracy of beliefs (row 9 vs 1), campaign intensity (rows 10-12 vs 1 and rows 14-15
vs 13), political knowledge (row 16 vs 13), or perceived vote efficacy (row 18 vs 13). Thus,
observed heterogeneity in strategic behavior by social characteristic is not well explained by
any of these factors.

However, comparison of rows 17 vs 13 in each panel does suggest that controlling for voters’
self-reported strategic predisposition does somewhat attenuate some estimated interactions,
particularly that between the age group indicators and I{τ > 0}. This suggests that the
increased strategic responsiveness of older voters that was detected in the main results may be
attributable at least in part to older voters being more consciously instrumental in their vote
decisions.

Finally, comparison of rows 7 and 1 in each panel shows that controlling for “first-party
preferences” does induce a notable attenuation in the estimated interactions between the Labour
Party preferrer indicator and I{τ > 0}. Thus, the differences in strategic responsiveness between
left- and right-leaning voters may be explained by associated differences in party support.

Do these various Zi variables differ in their ability to explain observed heterogeneity in
strategic responsiveness because some are themselves more or less strongly related to such re-
sponsiveness? To answer this question, we now turn to report the results of a series of regressions
where we model best insincere voting as a function of each Zi variable and its interaction with
I{τ > 0}, dropping social characteristics from the model specification. Specifically, we estimate
the regression equation

E[Yi] = g(τi,Yeari) + β1Zi + β2I{τi > 0}+ β3Zi × I{τi > 0}. (A.11)

The control function g(τi,Yeari) includes indicators for deciles of τ in the British electorate and
– in models which pool observations across elections – indicators for election years and their
interaction with τ bins. The main coefficient of interest in Equation A.11 is β3, which measures
the change in responsiveness to I{τi > 0} when Zi increases by one unit.

Table B.1 shows coefficient estimates when the Zi variables are first party preference (column
1) and strength of party identification (2). The interaction terms in column 1 show that voters
who most-prefer Labour, UKIP and the Greens are significantly more responsive to tactical
incentives than are those voters who most prefer the Conservative Party. The interaction terms
in column 2 indicate that voters with strong party identification are less responsive to tactical
incentives in their voting behaviour than are voters who do not identify with any party. This
is broadly consistent with the notion that party indentification reduces strategic behaviour.

Table B.2 shows coefficient estimates for other Zi variables discussed in the main text.
Column 1 shows that voters with more accurate beliefs about the election outcome in their seat
are, as expected, significantly more responsive to tactical incentives.

Turning to proxies for campaign intensity, Column 2 shows that voters in seats that were less
marginal in the previous election are not significantly more or less strategically responsivene,
whereas Column 3 shows that voters in seats forecast to be less marginal are marginally more
strategically responsive. On the one hand this result is puzzling given we would expect such

10



Table B.1: Heterogeneity in strategic responsiveness by respondent party support and strength
of party identification

(1) (2)

1st pref Lab 0.011∗∗

(0.003)

1st pref LD 0.005
(0.005)

1st pref SNP −0.009
(0.005)

1st pref PC 0.076∗

(0.038)

1st pref UKIP −0.012
(0.010)

1st pref Grn 0.002
(0.033)

PID weak 0.025∗

(0.010)

PID moderate −0.010
(0.010)

PID strong −0.035∗∗∗

(0.010)

I(τ > 0)× 1st pref Lab 0.137∗∗∗

(0.020)

I(τ > 0)× 1st pref LD 0.006
(0.018)

I(τ > 0)× 1st pref SNP 0.041
(0.043)

I(τ > 0)× 1st pref PC 0.047
(0.061)

I(τ > 0)× 1st pref UKIP 0.178∗∗∗

(0.021)

I(τ > 0)× 1st pref Grn 0.294∗∗∗

(0.037)

I(τ > 0)× PID weak −0.020
(0.029)

I(τ > 0)× PID moderate −0.015
(0.029)

I(τ > 0)× PID strong −0.121∗∗∗

(0.032)

Constant 0.028∗∗∗ 0.047∗∗∗

(0.008) (0.012)

Control for (binned) τ? Yes Yes
Control for election year? Yes Yes
Control for (binned) τ × election year? Yes Yes
Observations 24,922 16,224
R2 0.259 0.227
Adjusted R2 0.257 0.226

Note: ∗p<0.05; ∗∗p<0.01; ∗∗∗p<0.001
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voters to receive less intensive campaigns. On the other hand, it may be driven by a process
whereby forecast winning margin itself captures intensity of tactical incentives for a given τ
decile. Column 4 shows that voters who report having been contacted by a party during
the election campaign are more responsive to τ . Columns 5 and 6 show that neither local long
campaign spending nor local short campaign spending are significantly associated with strategic
responsiveness.

Turning to voter attributes, column 7 shows that voters who score higher in the BES political
knowledge test are not significantly more responsive to τ than voters who score lower. In line
with expectations, however, column 8 shows that a voter’s self-reported strategic predisposition
is strongly positively associated with strategic responsiveness, while column 9 shows that voters
who have a greater sense of vote efficacy are also more strategically responsive.
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Appendix C: Robustness checks

Exploring consequences of missing data

We note in the main text that, for our main analysis, we drop BES respondents for whom we are
unable to construct a measure of tactical incentive, τ . Could our main results concerning differ-
ences in strategic responsivness (SR) by age and income be driven by patterns of missingness on
τ? This could occur if missingness on τ is correlated with both social characteristics and SR or
if missingness on τ is differentially correlated with SR depending on social charateristics. Here
we examine the extent to which these two types of processes could explain our main findings.

Before beginning the analysis let us be clear as to the three possible reasons why a re-
spondent might receive a missing τ score and therefore be dropped from our analysis. First,
approximately half of 2015 BES respondents were not asked the party rating battery we use
to measure outcome-based utility (with the other half randomly allocated propensity-to-vote
questions instead) and so have missing τ scores. We ignore these respondents here because
receipt of the party ratings battery was randomized, such that this type of missingness is in
expectation uncorrelated with voter characteristics. Second, of the 29,226 respondents in the
pooled BES sample who received the party rating battery, 985 (3%) provided a party rating
for an insufficient number of parties (less than three) and consequently have a missing τ score.
Third, 1,455 (5%) were deemed to have inconsistent preferences - because the respondent indi-
cates two or more parties as tied for first place in their party ratings but then says they identify
with or are closer to an entirely different party when responding to questions we use to break
the tie - and consequently have a missing τ score. Note that respondents could offer both an
insufficient number of party ratings and exhibit inconsistent preferences; indeed 72 did so.

Figure C.1: Differences in rate of missing scores on τ by social characteristic
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Figure C.1 shows results when we construct an indicator of missingness on τ due to either
insufficient party ratings or inconsistent preferences and regress this on respondent social char-
acteristics (estimating a seperate model for each social characteristic). Clearly, missingness on
τ is associated with several social characteristics. For example, the rate of missingness on τ is 3
points lower for high income respondents than for low income respondents, and is around 6 and
9 points lower for middle and old age respondents, respectively, compared to young respondents.

Given that, in our sample, lower income and younger respondents are more likely to have
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Figure C.2: Strategic response function by number of party ratings questions an-
swered by respondent
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missing τ scores, one way in which dropping due to missingness on τ could generate our main
findings (that younger and lower income voters are also less responsive to strategic incentives) is
if true SR is positively associated with missing τ scores. For example, if true SR and being young
are both positively associated with missingness on τ , analysis of respondents with non-missing
τ scores would underestimate SR for young voter relative to SR for older voters.

However, we find it hard to see why survey item non-response (answering an insufficient
number of party ratings) and inconsistent preferences – the two causes of missing τ values
considered here – would be associated with greater strategic awareness and/or behavior. Fur-
thermore, while we cannot directly estimate SR for respondents with missing τ scores and
compare this to (observed) SR among respondents with non-missing τ scores, we can provide
other evidence suggesting that respondents with missing τ scores are on average no more – and
probably less – strategic than other respondents. First, Figure C.2 shows how, among respon-
dents with non-missing τ scores, respondents with only three non-missing party ratings (who
were essentially on the verge of being dropped) were substantially less responsive to strategic
incentives than respondents with four or more non-missing party ratings (who were not on the
verge of being dropped). It seems unlikely that those with missing τ scores are more strategic
than those with non-missing scores when, among the latter, those on the verge of being as-
signed a missing τ score are less strategic than those who are not. Second, Table C.1 presents
regression results for 2015 showing how missingness on τ is associated with the three respondent
attributes that we find to be positively associated with SR in Appendix B, Table B.2: accuracy
of beliefs about the election outcome in their constituency, self-reported strategic predisposi-
tion, and self-reported sense of vote efficacy. It shows that respondents with missing τ scores
have significantly less accurate beliefs, significantly lower vote efficacy, and no greater strategic
disposition. It thus appears that, if anything, missingness on τ is likely to be associated with
lower levels of SR. If this is the case, then higher rates of missingness among younger and lower
income voters cannot alone account for the fact that we find these voters to be less strategically
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Table C.1: Association between missingness on τ and variables shown to be predictive of strate-
gic responsiveness in Appendix B (2015 BES respondents)

Winner correct Strat. disposition Efficacy

(1) (2) (3)

Missing τ −0.201∗∗∗ −0.019 −0.136∗∗∗

(0.017) (0.017) (0.021)

Constant 0.627∗∗∗ 0.004 0.008
(0.005) (0.005) (0.006)

Observations 10,140 9,539 8,280
R2 0.015 0.0001 0.005
Adjusted R2 0.015 −0.00000 0.005

Note: ∗p<0.05; ∗∗p<0.01; ∗∗∗p<0.001

responsive in our main analysis.
Might our results instead be explained by an alternative pattern of missingness on τ , where

younger and lower income voters appear less strategic because of differential associations be-
tween missingness on τ and true SR by age and income groups? For example, if the association
between missingness on τ and true SR is positive among young people but negative among old
people, analysis of respondents with non-missing τ scores would underestimate young voters’
SR relative to that of older voters.

To examine the sensitivity of our age and income results to this second type of missingness
process, we perform data imputation for respondents with missing scores on τ . We create
multiple versions of our data, each with imputation for missing scores performed according to a
different assumption – captured by a parameter we label c – about how the relationship between
SR and missingness on τ varies with the social characteristic of interest. Each version of the
(partially) imputed data allows us to re-estimate how raw SR varies by the social characteristic
of interest when c takes on a particular value.12

More specifically, let there be two groups on the social characteristic of interest: the High
group is that estimated to have higher relative SR in our main analysis, while the Low group is
that estimated to have lower SR in our main analysis. Furthermore, let Mi be a binary indicator
equal to one when τi is missing for respondent i and zero otherwise. We define a parameter
c ≥ 0, which captures the assumed difference in average SR for respondents in the Low group
for whom Mi = 1 and respondents in the Low group for whom Mi = 0. Furthermore, for the
High group, we set the difference in average SR between respondents with Mi = 1 and Mi = 0
to be −c. Together these assumptions imply that the difference in SR between respondents
with and without missing τ in the Low group is nonnegative, that the difference in SR between
respondents with and without missing τ in the High group is nonpositive, and that 2c is the
difference-in-difference in SR – i.e., the shift in the relative SR of the Low and High groups when
moving from the sub-sample with non-missing τ to the sample with missing τ . As 2c increases,
our imputation process assumes a greater reversal in the relationship between SR and High vs
Low group membership when Mi = 1 compared to that observed in the sub-sample for whom
Mi = 0.

Our imputation process for respondents with missing τ scores conditions on c, survey year (t)
and grouping on the social characteristic of interest (High vs Low). It assumes that, conditional
on year, the distribution of I{τ > 0} – the positive tactical incentive indicator – is the same for

12We estimate differences in raw SR across groups by using OLS to estimate equation 2 in the main text,
leaving out the g(τi) term.
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respondents with missing τ scores as for respondents with observed τ scores. It also assumes
that, when their imputed I{τ > 0} = 0, the rate of best non-sincere voting (y) for Mi = 1
respondents from a given year and social group is the same as the observed rate among Mi = 0
respondents from the same year and social group and for whom I{τ > 0} = 0. When imputed
I{τ > 0} = 1, the imputation process again uses the observed rate of best insincere voting
among comparable Mi = 0 respondents (i.e., from the same year and social group and for
whom I{τ > 0} = 1) as the basis for the assumed rate of best insincere voting among Mi = 1
respondents. However, it adds or subtracts c to this base rate depending on whether the social
group is Low or High, before performing imputation.

The specific imputation steps are as follows:

1. Subset to the sub-sample of NM=1 respondents for whom Mi = 1

2. For each year t:

(a) Subset to the sub-sample of NM=1,t respondents from t

(b) Assignment of I{τi > 0} values: Assign I{τi > 0} = 1 to 100φM=0,t% of re-
spondents in the sub-sample, where φM=0,t is the observed mean of I{τ > 0} among
respondents with Mi = 0 in year t. Assign I{τi > 0} = 0 to remaining respondents
in the sub-sample.

(c) Assignment of the best insincere vote indicator, y:

i. Among those for whom I{τi > 0} = 0 and who are in the Low group, assign yi =
1 to 100ψM=0,t,Low,τ≤0% of respondents, where ψM=0,t,Low,τ≤0 is the observed
mean of y among respondents in the Low group with Mi = 0 in year t for whom
τi ≤ 0. Assign yi = 0 to the remainder.

ii. Among respondents for whom I{τi > 0} = 0 and who are in the High group,
assign yi = 1 to 100ψM=0,t,High,τ≤0% of respondents, where ψM=0,t,High,τ≤0 is
the observed mean of y among respondents in the High group with Mi = 0 in
year t for whom τi ≤ 0. Assign yi = 0 to the remainder.

iii. Among respondents for whom I{τi > 0} = 1 and who are in the Low group,
assign yi = 1 to 100×(ψM=0,t,Low,τ>0+c)% of respondents, where ψM=0,t,Low,τ>0

is the observed mean of y among respondents in the Low group with Mi = 0 in
year t for whom τ > 0. Assign yi = 0 to the remainder.

iv. Among respondents for whom I{τi > 0} = 1 and who are in the High group, as-
sign yi = 1 to 100×(ψM=0,t,High,τ>0−c)% of respondents, where ψM=0,t,High,τ>0

is the observed mean of y among respondents in the High group with Mi = 0 in
year t for whom τ > 0. Assign yi = 0 to the remainder.

3. Recombine the year-sepcific sub-samples of respondents with Mi = 1 together with the
sub-sample of respondents for whom Mi = 0.

4. Estimate difference in raw SR between the High and Low groups for the resulting sample.

Figure C.3 summarizes key results from running this imputation process with respect to the
social characteristic age, treating the ‘Below 30’ age-group as the Low group and the ‘30-59’
and ‘60+’ age-groups as the High groups. The x-axis shows values of 2c between 0 and 0.4, such
that points further to the right correspond to data where missing scores are imputed assuming
a greater reversal in the relationship between SR and age group when τi is missing compared
to that observed when τi is non-missing. The height of the black line measures the estimated
difference in SR comparing the 30-59 age group to the below 30 age group (top panel) or the 60+
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Figure C.3: How does estimated heterogeneity in SR by age group change when we
impute missing data based on different assumptions?
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age group to the below 30 age group (bottom panel). Gray bands represent 95% confidence
intervals. Recall that in the equivalent main analysis (open circles in Figure 5 in the main
text) SR was estimated to be around 7.5 and 9 points higher for voters aged 30-59 and 60+,
respectively, than for voters aged below 30, and both differences were significant. Figure C.3
shows that, as 2c increases, these differences decline, but remain positive and significant until
2c becomes quite extreme. The estimated difference in SR comparing voters aged 60+ to those
below 30 (top panel) is still positive and significant when 2c = .4. The estimated difference in SR
comparing voters aged 30-59 to those below 30 (top panel) only becomes non-significant when
2c > .33. For 2c > .33 to hold, the difference in SR for young respondents with missing τ and
young respondents with non-missing τ would have to be at least 0.16 points and the assumed
difference in SR for middle-aged respondents with missing τ and middle-age respondents with
non-missing τ would have to be -0.16 points or lower. Both of those differences in SR are larger
in absolute magnitude than any differences in SR we observe by social characteristics in our
main analysis. We therefore regard their joint occurrence highly unlikely. Consequently, we
conclude that our main findings concerning heterogeneity in SR by age group are unlikely to be
driven by patterns of missingness on τ .

Figure C.4 summarizes key results from running the imputation process with respect to
the social characteristic income, treating the ‘Low income’ and ‘Medium income’ groups as the
Low group and the ‘High income’ groups as the High group. In the equivalent main analysis
(open circles in Figure 5 in the main text) estimated SR was non-significantly different for low
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Figure C.4: How does estimated heterogeneity in SR by income group change when
we impute missing data based on different assumptions?
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and medium income voters (with a point estimate of around zero for the difference), but was
estimated to be significantly different – and around 6 points higher – for high income voters
compared to low income voters. Figure C.3 shows that, as 2c increases, the estimated difference
in SR between medium and low income voters (top panel) stays around zero and non-significant.
The estimated difference in SR between high and low income voters (bottom panel) declines,
but remains positive and significant even when 2c = 0.4. We therefore conclude that our main
findings concerning heterogeneity in SR by income are again unlikely to be driven by patterns
of missingness on τ .

Differential measurement error

Readers may wonder whether the differences in strategic responsivness between social groups
reported in the main text arise because of differential measurement error. For example, do young
people appear less strategic than old people because our measure of younger voters’ utility is
noisier than that for older voters? This would lead to more measurement error in τ for younger
voters, and lower estimates of strategic responsiveness even if younger and older voters were
in fact equally strategic. Here we discuss several analyses which test plausible ways in which
such differential might arise and which suggest that it does not drive the main differences in
strategical responsivness that we report in the main text.

First, one could imagine that different social groups may place more or less weight on party
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leaders versus parties in general. For example, young voters’ utility from an electoral outcome
may depend relatively more on what they think of party leaders, which is an aspect of preferences
we ignored in our main analysis. If that were the case, then our utility measure would be a worse
proxy for young voters’ preferences than it is for older voters’ preferences, which could explain
the difference in strategic responsiveness we find. (The same argument of course applies to e.g.,
poorer and richer voters.) To check this, we reproduce the analysis using leader ratings rather
than party ratings as our proxies for utility, focusing on 2015, the only year in which respondents
were asked to rate all leaders in the post-election survey. Figure C.5 shows the results of this
exercise. Whether we use party leader ratings (empty diamonds) or the utility measure based on
party ratings from the main text (filled gray circles), key differences in strategic responsiveness
persist: younger voters and poorer voters appear to be less strategic. The difference between
Labour and Conservative preferrrers does becomes non-significant, however, when using party
leader ratings.

Figure C.5: Sensitivity of key results to different utility measures (2015 only)
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Second, one could imagine that the opinions of individuals in certain social groups are more
changeable during the course of the campaign than are those of individuals in other social
groups. If, for example, young voters’ opinions are more changeable, pre-election party ratings
(which we use for the Greens and UKIP, because post-election ratings were not asked in 2005
and 2010) are a noisier proxy of preference for young voters’ preferences than for older voters’
preferences. This would lead to a difference in measured strategic responsiveness even if the
two groups were equally strategic. To check this, in Figure C.5 we also reproduce the 2015
analysis (filled gray circles) using only post-election party ratings (empty squares). Once more,
we find that key differences in strategic responsiveness found in the main analysis persist. Voters
age 30-59 are again significantly more strategically responsive than voters aged below 30. The
difference in strategic responsiveness of voters aged 60 or above and those aged below 30 becomes
marginally non-significant when using only post-election party ratings, but the point estimate is
only slightly attenuated. High income voters remain significantly more strategically responsive
than low income voters.

Third, one could imagine that inviduals with certain social characteristics may pay more
attention to local candidates than the party as a whole. This would again lead to differential
measurement error in tau and differences in measured strategic responsiveness, with groups
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Figure C.6: Differences in rate at which local candidate is mentioned as reason for
vote choice
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who pay more attention to candidates expected to appear less strategically responsive. To
check this, we create an indicator variable measuring whether respondents who, when asked to
explain why they chose the party they did, chose a response option indicating that the party
had the “best candidate”. Figure C.6 shows results when we regress this indicator on our
social characteristic indicators (with seperate models for each social characteristic). Contrary
to this potential explanation for the observed differences in strategic responsivness in the main
text, there is no strong indication that the groups found to be least strategically responsive
in our main results were more likley to vote on the basis of local candidates. Voters over 60
are significantly more likely than those under 30 to vote on the basis of local candidates, but
were also found to be more strategically responsive in the main analysis. Females are also
significantly more likely than males to vote on the basis of local candidates, but also tended to
have higher estimated strategically responsiveness in the main analysis (although the difference
in strategic responsiveness of females and males varied in significance across specifications).
Remaining social group indicators are not significantly associated with voting on the bases of
local candidates.

Fourth, elements of the analysis presented in Appendix B – where we looked at potential
substantive explanations for observed heterogeneity in strategic responsiveness – speak to the
differential measurement error concern. In particular, in Figure B.1 we tested whether our main
estimated differences in strategic responsiveness between social groups (row 1) are attenuated
when controlling for the main effect of either the party that the voter supports (row 7) or the
strength of a voter’s party identification as well as their interaction with a I{τi > 0} indicator.
It is plausble that either of these variables may be associated with differential measurement error
in the mapping of preferences to like-dislike scores: supporters of some parties, or respondents
with stronger party ID, may tend to systematically over- or understate the differences in the
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utility they receive from their most-preferred and second-best party winning their seat. The
results in Figure B.1 showed that controlling for these variables did not substantially attenuate
differences in strategic heterogeneity by age or income, but that controlling for party support
did somewhat attenuate estimated differences in strategic responsiveness comparing Labour
and Conservative Party preferrers. Thus, while estimated differences in strategic responsiveness
between left- and right-leaning voters may potentially be explained by differential measurement
error associated with party support, other estimated differences by age and income do not.

Results are similar when we use different outcome variables

The top panel of Figure C.7 reports the same sensitivity analysis as Figure 7 in the main text,
which is based on analysis where the outcome variable is whether a voter casts a best incenere
vote or not. The second and third panels of Figure C.7 report the same analysis but with
different measures of voting behaviour as the outcome variable. In the second panel the outcome
variable is voting for any party other than one’s most preferred party. The results are essentially
identical to those in the top panel. In the third panel of Figure C.7 the outcome variable is
Fisher’s (2004) measure of tactical voting (which is based on respondent self-reported reasons
for vote choice). With this alternative outcome variable, strategic responsiveness continues to
vary significantly and substantially by voter age. The differences in strategic responsiveness by
income and political leaning are in the same direction as in the main results, although the pooled
estimates of these differences are now marginally non-significant at the 0.05 level. Differences
are smaller in magnitude as would be expected given the lower rate of measured tactical voting.

Figure C.8 shows how the proportion of voters casting any insincere vote varies with τ .
This proportion is higher than the proportion casting the best insincere vote (Figure 6 in
the main text) but shows the same monotonic relationship and the same differences by social
characteristic.

Results are similar when our model of counterfactual election outcomes is
based on forecasts rather than observed results

In the analysis in the paper and in the sensitivity analysis shown in 7 (main text), we calculated
τ based on a model of counterfactual elections whose expected outcome is the actual outcome.
Alternatively, we could use forecasted results as the basis of our model of counterfactual election
outcomes. The bottom panel of Figure C.9 reports the same sensitivity analysis as in the main
text (replicated in the top panel of the Figure), but using forecasts as the source of expected
election results. Concentrating on the pooled estimates, as in the main analysis, the youngest
group of voters have significantly lower levels of strategic responsiveness than older voters,
high income voters have significantly higher levels of strategic responsiveness than low income
voters, and left-leaning voters have significantly higher levels of strategic responsiveness than
right-leaning voters. Interestingly, in this analysis, we also find evidence that females have a
significantly higher level of strategic responsiveness than males.

Results are similar when we increase the uncertainty in our model of coun-
terfactual elections

In the analysis in the paper and in the sensitivity analysis above, we calibrated the precision of
our model of counterfactual elections by setting the mean at the observed result and choosing
the Dirichlet precision parameter s to maximize the likelihood of election forecasts; this led to a
choice of s = 85. The bottom panel of Figure C.10 reports the same sensitivity analysis as Figure
7 (main text), but in the other two panels we repeat the analysis for two alternative values of the
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Figure C.7: Sensitivity analysis by alternative outcome variables

●

●
●

●
●

●

● ●

●

●
●

●
●

●

●

●

● ● ●

●

● ●

●

●

Fisher (2004) Tactical Vote

Any Insincere Vote

Best Insincere Vote

Level 3 educ vs.
 Level 2 or lower

Degree educ vs.
 Level 2 or lower

Medium income vs.
 Low income

High income vs.
 Low income

Age 30−59 vs.
 Below 30

Age 60+ vs.
 Below 30

Female vs.
 Male

Lab vs.
 Con preferrer

−0.1

0.0

0.1

0.2

−0.1

0.0

0.1

0.2

−0.1

0.0

0.1

0.2

In
te

ra
ct

io
n 

be
tw

ee
n 

(t
au

 >
 0

) 
in

di
ca

to
r 

an
d 

at
tr

ib
ut

e

Election year

● Pooled

2005

2010

2015

precision parameter, s = 12 and s = 20. s = 12 is of interest because it is the estimate of actual
precision in the British electorate arrived at in Fisher and Myatt (2017). With s = 20, the
standard deviation of each party’s vote share is roughly double that at s = 85. Concentrating
on the pooled estimates, across all values of s shown, younger voters are estimated to have
significantly lower levels of strategic responsiveness than older voters and high income voters
are estimated to have significantly higher levels of strategic responsiveness than low income
voters. Regarding political leaning, left-leaning voters are consistently estimated to have higher
levels of strategic responsiveness than right-leaning voters across all levels of s shown, although
the difference is marginally non-significant when s = 20.
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Figure C.8: Strategic response functions with “any insincere vote” as outcome
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Note: Each diagram shows, as a function of τ and with subsetting by social characteristic, the proportion of
respondents casting any insincere vote.
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Figure C.9: Alternative basis for the model of counterfactual election outcomes:
Model centered on forecasts rather than observed results
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Figure C.10: Greater uncertainty in model of counterfactual elections: precision pa-
rameter set to s = 12 or s = 20 instead of s = 85
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