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1 | INTRODUCTION

Anita Ratcliffe?

Abstract

The method of difference-in-differences is central to public
policy analysis, but several challenges arise in applying this
method to ordinal outcomes, which are routinely collected
in surveys and widely analysed in social sciences. In this
paper, we propose a user-friendly estimator to implement the
method of difference-in-differences with ordinal outcomes
to address these challenges. This estimator quantifies the
average treatment effect on the treated in terms of response
probabilities and allows an assessment of the distributional
impacts of treatment. We use this estimator to analyse
fear of racial harassment among Muslims living in a non-
Muslim majority country following extremist Islamic terror
attacks. Our findings reveal a shift in feeling ‘not at all
worried” to ‘fairly worried’ about racial harassment after
terror attacks, with little change in feeling ‘not very worried’
or ‘very worried’.
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The method of difference-in-differences (DD) is widely used to evaluate the average treatment
effect on the treated (ATET) but applying this method to ordinal outcomes — such as credit ratings,
attitudes or beliefs, and subjective well-being — is challenging. The usual empirical strategy for
ordinal outcomes models response probabilities (i.e. the probability of selecting a given response

This is an open access article under the terms of the Creative Commons Attribution-NonCommercial-NoDerivs License, which permits use and

distribution in any medium, provided the original work is properly cited, the use is non-commercial and no modifications or adaptations are made.
© 2025 The Author(s). Fiscal Studies published by John Wiley & Sons Ltd on behalf of Institute for Fiscal Studies.

Fiscal Studies. 2025;1-15.

wileyonlinelibrary.com/journal/fisc 1


https://orcid.org/0000-0002-9413-8101
mailto:hole@uji.es
http://creativecommons.org/licenses/by-nc-nd/4.0/
https://wileyonlinelibrary.com/journal/fisc
http://crossmark.crossref.org/dialog/?doi=10.1111%2F1475-5890.70006&domain=pdf&date_stamp=2025-09-22

2 | FISCAL STUDIES CONTRIBUTED PAPER

category). However, as these are a non-linear function of the treatment indicator, the common trends
assumption required to identify the ATET cannot hold unless there is no systematic variation in
response probabilities by treatment group. While this issue, and solution to assume common trends in
the latent variable, is well documented for binary outcomes (see, e.g. Blundell et al., 2004; Blundell
and Costa Dias, 2009; Lechner, 2011; Puhani, 2012), this solution has not yet been extended for use
with ordinal outcomes. As a recent survey reveals, most of the latest developments for the method
of DD are for continuous outcomes (Roth et al., 2023). Into this vacuum, empirical research using
the method of DD with ordinal data adopts a diverse range of approaches, from linear regression to
several different methods of converting an ordinal outcome to a binary outcome (see, e.g. Gruber and
Mullainathan, 2005; Gregg, Harkness and Smith, 2009; Brodeur and Connolly, 2013; Leicester and
Levell, 2016; Hole and Ratcliffe, 2020; Deal, 2022). However, as recently highlighted in Schroder and
Yitzhaki (2017), a concern with applying linear regression to ordinal outcomes is the scope for sign
reversals (i.e. the sign of coefficients from linear regression can flip when alternative monotonically
increasing values are assigned to response categories), whereas converting an ordinal outcome to a
binary outcome may entail arbitrary choices and a loss of information. At best, these limitations curtail
the usefulness of vast amounts of routinely collected data in public policy evaluation; at worst, they
impede the ability to make meaningful policy recommendations.

In this paper, we extend the solution proposed for the method of DD with binary outcomes to ordinal
outcomes (see, e.g. Blundell et al., 2004; Blundell and Costa Dias, 2009; Lechner, 2011; Puhani,
2012) to allow estimation of the ATET in terms of response probabilities.' There are three advantages
to focusing on response probabilities. First, marginal effects in terms of response probabilities are
not susceptible to sign reversals. Secondly, by retaining the full spectrum of information in the
ordinal outcome, this approach avoids making arbitrary choices in dichotomising the ordinal outcome.
Thirdly, the ATET in terms of response probabilities provides a distributional assessment of the impact
of treatment. For policy purposes, it may be important to know if exposure to treatment has the largest
impact on those initially worse off, and more generally if there are unequal effects of treatment across
response categories. We note that shifting the focus to response probabilities forgoes an understanding
of the ATET in terms of the mean of the observed and continuous variable underlying the ordinal
outcome (henceforth the underlying variable), which may not be desirable in, for instance, the well-
being literature where the focus typically centres on the underlying intensity of feelings. Nevertheless,
because individuals with a greater intensity of feelings select higher response categories, response
probabilities may be valuable even in this context; see Clark (1997) for a discussion explicitly linking
estimated coefficients from ordinal regression analysis of job satisfaction to response probabilities.

In our empirical application, we analyse fears of racial harassment among Muslims living in a non-
Muslim majority country following extremist Islamic terror attacks. Specifically, we focus on the first
extremist Islamic terror attacks in the UK, defined by an initial attack on 7 July 2005 and another
(failed) attack on 21 July 2005. Our goal is to provide practical guidance for practitioners seeking
to use parametric methods to implement DD with ordinal data to help unlock the huge potential of
these data in public policy analysis. We therefore start by using linear regression — the most widely
adopted approach to implement the method of DD with ordinal outcomes — and show that its use leads
to sign reversals in our setting. We then estimate the ATET in terms of response probabilities. Our
findings reveal a delayed response to the terror attacks insofar as there is little evidence of a treatment
effect, however defined, in the short window between 7 and 20 July. We then show that from 21 July
onward, there is a large and statistically significant increase in racial harassment fears. Our preferred
specification, which allows for heteroscedasticity in the latent index, suggests a 5.3 percentage point
reduction in the probability of Muslims responding ‘not at all worried’ and a 4.7 percentage point
increase in ‘fairly worried’ relative to non-Muslims from 21 July, with little evidence of changes in
response categories ‘not very worried” and ‘very worried’.

! Other approaches exist for the method of DD with ordinal data that do not use parametric methods as we do here (see, e.g. Athey and Imbens,
2006; Boes, 2013) but empirical applications of these approaches are extremely limited. Our approach is straightforward and easy to implement
but makes stronger assumptions to achieve this goal.
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DIFFERENCE-IN-DIFFERENCES WITH ORDINAL DATA | 3

The remainder of this paper is structured as follows. In Section 2, we discuss the related literature.
In Section 3, we discuss the research question we seek to address and the data at our disposal. In
Section 4, we discuss the methodology. In Section 5, we present our findings, and we conclude in
Section 6.

2 | RELATED LITERATURE

This paper bridges various strands of literature across different fields. First, our research relates to
an existing methodological literature using the method of DD to estimate an ATET with binary
data (Blundell et al., 2004; Blundell and Costa Dias, 2009; Lechner, 2011; Puhani, 2012). In
this case, the mean has a natural interpretation as a proportion, and the binary outcome can be
modelled as a response probability. Retaining the common trends assumption for this probability is
problematic because it is a non-linear function of the treatment indicator, which is not removed by
taking differences. Thus, the treatment effect is only identified by assuming there are no systematic
differences between treated and control groups. This issue, and its solution to assume common
trends at the level of the latent index instead of the response probability, is originally explored in
Blundell et al. (2004) and discussed in methodological surveys by Blundell and Costa Dias (2009)
and Lechner (2011). Puhani (2012) tackles the same theme from a different vantage point. Building
on Ai and Norton (2003), who derive the interaction effect in non-linear probability models as the
cross-derivative of the response probability with respect to the interacted variables, Puhani shows
that the ATET is the difference between two cross-derivatives (one for the observed and one for the
potential outcome), which after some manipulation greatly simplifies its calculation. We build on
this existing literature to formalise an expression for the ATET for an ordinal outcome in terms of
response probabilities.

Our research also relates to an ongoing debate in the well-being literature where two dominant
approaches for analysing ordinal data rely on coefficients from linear and ordinal regression methods.
Linear regression is attractive due to its simplicity, and is operationalised by assigning numeric
values to response categories (i.e. 1 to the lowest response category and increasing by 1 for each
subsequent response category) and then analysing the mean of the ordered outcome. This mean can
be imbued with meaning by assuming linear response scale use (i.e. each adjacent and increasing
response category spans an equal distance of the underlying variable, where the latter corresponds to
an intensity of feelings in this instance). However, because ordinal variables only provide information
on the ranking of response categories, other approaches to assign numeric values to response categories
(i.e. other labelling schemes) exist. For example, response scale use may be concave (i.e. each
response category spans an increasingly smaller distance of the underlying variable) or convex (i.e.
each response category spans an increasingly larger distance of the underlying variable). Schroder
and Yitzhaki (2017) show that the sign of coefficients from linear regression can be reversed with
alternative rank-preserving and monotonic labelling schemes that differ in the convexity/concavity of
the assumed response scale use. This is problematic because, in principle, these alternative labelling
schemes are equally valid. Sign reversals do not occur in every instance, but raise serious questions
about research findings, and associated policy advice, based on linear regression applied to ordinal
outcomes where they do occur. In an important and insightful contribution, Kaiser and Vendrik (2023)
demonstrate that sign reversals occur across different labelling schemes if there are heterogeneous
effects of a variable across response categories (for example, if increasing the variable X generally
involves movement from lower to higher response categories but also reduces responses in the highest
response category). They propose a useful test to investigate the scope for sign reversals in linear
regression; see also Bloem (2022) and Bloem and Oswald (2022) for various other tests/sensitivity
analysis. They further emphasise that coefficients from linear regression can be informative of
marginal effects on the mean of the underlying variable when also assuming the mean of that variable
within each response category is independent of the variable X. Hence, linear regression can be a
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powerful tool for estimating the ATET on the mean of the ordered outcome, and also the underlying
variable, if certain conditions are satisfied.

Bond and Lang (2019) make a related critique regarding the use of coefficients from the latent index
obtained from ordinal regression to infer marginal effects on the mean of the underlying variable.
Specifically, they argue that alternative transformations of the latent index, which differ in assumed
response scale use, provide equally valid characterisations of the underlying variable. However, these
transformations can reverse the sign of marginal effects on the mean of the underlying variable in
the presence of heteroscedasticity. Chen et al. (2022) suggest researchers using parametric methods
to analyse the underlying variable instead focus on the median, which is invariant to all monotonic
transformations of the latent index. From this vantage point, coefficients from the latent index remain
relevant as the median coincides with the mean due to the symmetry of normal/logistic distributions.

We emphasise that marginal effects in terms of response probabilities are neither reversed
by transformations to the labelling scheme nor the latent index. Rank-preserving monotonic
transformations of the labelling scheme leave the latent index and threshold parameters unaltered
and therefore have no bearing on response probabilities. Rank-preserving monotonic transformations
of the latent index re-scale the threshold parameters to leave the mass of probabilities across response
categories unchanged. As these marginal effects do not change sign regardless of the assumed response
scale use, greater confidence can be placed on research findings and policy advice stemming from
the analysis of response probabilities. However, to operationalise the ATET in terms of response
probabilities, we do need to assume a linear latent index to satisfy the common trends assumption.
This means that, in the specific context of estimating the ATET, our approach overcomes a key issue of
affecting linear regression but remains susceptible to criticisms related to non-linear transformations of
the latent index. Our interest lies in calculating changes in response probabilities, using the latent index
as a vehicle to calculate these probabilities, as opposed to making inferences about the underlying
variable though.

Finally, this research relates to an empirical literature on the impact of extremist Islamic terrorist
attacks on the outcomes of Muslims living in non-Muslim majority countries. This literature considers
a range of economic outcomes, such as wages and employment prospects, but also increasingly social
outcomes, such as health, well-being and assimilation (see, e.g. Aslund and Rooth, 2005; Davila and
Mora, 2005; Kaushal, Kaestner and Reimers, 2007; Johnston and Lordan, 2012; Gould and Klor,
2016; Zorlu and Frijters, 2019; Hole and Ratcliffe, 2020). At the heart of these papers lies the idea
that terror attacks increase prejudice towards Muslims, with spikes in hate crimes (Hanes and Machin,
2014; Gould and Klor, 2016) as well as shifts in attitudes towards immigrants (Aslund and Rooth,
2005) supporting this point of view. Few papers, however, consider changes in discrimination from
the perspective of Muslims, with notable exceptions including Elsayed and de Grip (2018), Hole and
Ratcliffe (2020) and Giani and Merlino (2021). We focus on fears of racial harassment, which have
not been considered to date, and which have repercussions for access to, and enjoyment of, public
spaces, as well as mental and physical health. We show that fears of racial harassment increase among
Muslims relative to non-Muslims after terror attacks. By harnessing the ATET in terms of response
probabilities and documenting an unequal impact of treatment across response categories, we also
build a more detailed picture of how circumstances changed for Muslims.

3 | RESEARCH QUESTION AND DATA

Our aim is to examine the outcomes of Muslims living in a non-Muslim majority country following
extremist Islamic terror attacks. We focus on the London 2005 terror attacks, marking a watershed
event for race relations, as the first terror attacks on British soil by British Muslims. The first
attack occurred on 7 July, with deadly bombings in multiple locations, followed by a second attack,
which failed in its aim to bomb multiple locations, just two weeks later on 21 July. We exploit a
‘Fear of Crime’ module, first introduced in 2005 as part of the Citizenship Survey, which surveys
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DIFFERENCE-IN-DIFFERENCES WITH ORDINAL DATA | 5

individuals aged 16+ living in England and Wales (Home Office. Communities Group, National
Centre for Social Research, 2006). This module asks respondents ‘How worried are you about being
subject to a physical attack because of your skin colour, ethnic origin or religion?” with response
categories ‘not at all worried’, ‘not very worried’, ‘fairly worried” and ‘very worried’.” We assign a
value of 1 to the lowest response category ‘not at all worried’, increasing by 1 for each subsequent
response category, with response category ‘very worried’ assigned a value of 4. Approximately 14,000
individuals (comprising a core sample of approximately 10,000 and an ethnic minority boost sample
of approximately 4,000) were interviewed between 8 March and 30 September 2005, and we have
special access to interview dates. We control for a wide range of individual circumstances, including
experiences of discrimination, as well as local area characteristics. Our final sample, after excluding
individuals with missing information (in particular, approximately 1,900 individuals aged 70+ are not
asked about their educational qualifications), comprises just under 11,200 individuals.

We follow the strategy adopted in Hole and Ratcliffe (2020) to compare the change in racial
harassment fears among Muslims (i.e. treated group) to non-Muslims (i.e. untreated group) pre- and
post-treatment, where the post-treatment period is from 7 July onward. As we have access to the date of
interview, we further split the post-treatment period into two windows 7-20 July (i.e. the day of the first
attack until the day before the second attack) and 21+ July onwards (i.e. the day of the second attack
onwards). The second attack marked the end of any hope that the first attack was an isolated incident
and potentially differed in its implications for Muslims. Summary statistics for the dependent and
control variables are available by treated and control group, and further disaggregated by pre- and post-
treatment period, in Tables B1 and B2 in the online Appendix. These show that Muslims differ from
non-Muslims across various dimensions; they are typically younger and poorer, and more likely to live
in more-deprived and densely populated areas. However, the characteristics of Muslims interviewed
in pre- and post-treatment periods are generally quite similar, although a larger proportion of Muslims
interviewed 7-20 July are of mixed ethnic heritage, work in professional roles and live in London.

Figure | plots the distribution of racial harassment fears across different windows in time for
Muslims and non-Muslims. Interestingly, for Muslims, there are mixed reactions in the period 7-
20 July, where Muslims became less likely to report ‘not at all worried” and much more likely to
report ‘not very worried” but also less likely to report ‘very worried’. This heterogeneity in the effect
of exposure to treatment across response categories previews our finding below that sign reversals in
coefficients from linear regression occur in our setting. From 21 July onwards, there is a clear shift
from ‘not at all worried’ to ‘fairly worried’.

4 | METHODOLOGY

As our goal is to provide practical guidance on implementing the method of DD with ordinal data
using parametric methods, we first apply linear regression given its popularity in empirical research.
The ATET for the mean of the ordered outcome using linear regression is obtained via a standard DD
specification,

Y;=oD; + a,T; + oasD,T; + X}y + u;, (1)

where Y; is the ordered outcome for individual i, x; is a vector of control variables and u; is a random
error term. D; is equal to one if individual i is in the treated group and zero otherwise, while T; is
equal to one if individual i is observed in the post-treatment period and zero otherwise. The coefficient
as provides an estimate of the ATET. As noted earlier, this may also provide an ATET for the mean

2 Fewer than 1 per cent of respondents refuse to answer the question or respond with ‘don’t know” and we drop these individuals.

3 In practice, a handful of interviews take place in the first week of October.
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Muslims pre Muslims July 7-20 Muslims July 21+

80

60

42.86

40

20

Non-Muslims pre Non-Muslims July 7-20 Non-Muslims July 21+

Percent

80
1

4139 4011 3919 40.47 41.81

40

20

9.944 g553 9535 10.81

1 2 3 4 1 2 3 4 1 2 3 4

FIGURE 1 Distribution of the dependent variable by Muslims and non-Muslims, before and after terror attacks
Note: 1 corresponds to response category ‘not at all worried’, 2 to ‘not very worried’, 3 to “fairly worried” and 4 to
‘very worried’.

of the underlying variable under specific circumstances (Kaiser and Vendrik, 2023). However, a key
issue with applying linear regression to ordinal data is the scope for sign reversals (Schroder and
Yitzhaki, 2017).

The ATET in terms of a latent index is

Y} =BiD; + BT + B3D;T; + Xy + ¢, 2

where Y7 is a latent variable and ¢; is a random error term, which is assumed to be independent and
identically distributed standard normal. As discussed above, the coefficient 85 can reliably provide an
estimate of the ATET in terms of the median of the underlying variable (Chen et al., 2022), though
we are not aware of empirical applications taking this approach. However, this coefficient should not
be used to make inferences about changes in its mean as these can be reversed under some conditions
(Bond and Lang, 2019).

We expand the existing toolkit for implementing the method of DD with ordinal data by extending
the solution proposed for the method of DD with binary outcomes to ordinal outcomes (see, e.g.
Blundell et al., 2004; Blundell and Costa Dias, 2009; Lechner, 201 1; Puhani, 2012; Wooldridge, 2023).
A full exposition of this approach based on potential outcomes and detailing key assumptions can be
found in online Appendix A. Briefly, we assume that each individual has two potential outcomes, and
assignment to treatment determines which of these potential outcomes is realised. In this context, the
potential outcomes are the response categories, with Yl.] denoting the potential outcome with treatment
and Y? the potential outcome without treatment. We assume that there is some underlying unobserved
potential latent index that drives these potential outcomes. Thus, each individual has two potential
latent indices, Yl.l* and Y?*, similarly linked to treatment states. As in the case of linear DD (see,
e.g. Roth et al., 2023), two key assumptions are required to identify the ATET: common trends and
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DIFFERENCE-IN-DIFFERENCES WITH ORDINAL DATA | 7

no anticipatory effects. The difference between our case and the linear case is that we assume, as in
Lechner (2011), that these assumptions apply to the latent index. Further assuming that the potential
latent indices are related to the potential outcomes via an ordered probit model, we show that the
estimator for the ATET in terms of response probabilities is given by

N
ATETp, = NT ZDiTi { [G(Mk+1 —B1 = P2 = B3 =x7) = Gy — 1 — B2 — B3 —xlfy)]
i=1

—[G(ﬂkﬂ —Bi =B —X7) =Gy — B — B> - x,/»f)] } ; (3)

where k denotes the response categories ranging from 1 to K, y; are the threshold parameters, G(+)
is the standard normal cumulative distribution function (CDF) and N' is the number of individuals
in the treated group observed post-treatment (N' = Zl , DiT;). As emphasised earlier, the ATET in
terms of response probabilities is not susceptible to sign reversals. This estimator assumes that the
error term in the latent index is homoscedastic, which may be overly restrictive. It is possible to allow
for heteroscedasticity by assuming instead that ¢; is normally distributed with mean zero and variance
equal to exp(wl’.‘[)z, where w; is a vector of variables that may include D;, T; and D;T;. With this

modification, the estimator becomes®
N N 3 3 3 /5 N ] 3 3 /5
— Porr = B1— B2 — B3 —x;7 Pie =By —Ba— B3 —x;7
ATETPk _ il ZDiTi G k+1 1 2“ 3 ; _G k 1 2 _ 3 i
NS exp(w; 1) exp(w!t)
A~ A A /A A A A A
_lg Por1 — Bi —fz—xﬂ’ _G #k—ﬁl—/sz—x,-V ' @
exp(wif) exp(wif)

It should be noted, however, that if the source of the heteroscedasticity is unknown, trying to account
for it may not always be beneficial (Keele and Park, 2006). The estimators proposed in equations (3)
and (4) can be calculated using a routine post-estimation command following ordered probit or
heteroscedastic ordered probit estimation (see online Appendix C for the Stata code).

S | RESULTS

Table 1 presents the ATET from a linear regression (see equation (1)) for the post-treatment period
(i.e. 7 July onwards) and then separately for 7-20 July and 21 July onwards. Full regression results are
available in Table B3 in the online Appendix and suggest that being female, having an ethnic minority
or non-native background, having experienced discrimination in other contexts and living in highly
densely populated areas are associated with greater fears of racial harassment. However, economic
advantage, living in an area with mostly people of the same ethnic background and living outside
London are associated with lower fears. In terms of the treatment effect, there is suggestive evidence
that fears of racial harassment increased for Muslims relative to non-Muslims after the terror attacks
(column 1), but the effect is only statistically significant during the window after the second attack
(column 3), where the change in fears represents a 5 per cent increase in its pre-treatment mean (see

4In parallel work to ours, Yamauchi (2020) derives an alternative version of this estimator by assuming that the shift in the distribution of the
latent index over time is constant in the treatment and the control groups in the absence of treatment. This is equivalent to the assumption that
underlies the changes-in-changes estimator proposed by Athey and Imbens (2006), with the important distinction that it applies to the distribution
of the latent index instead of the outcome itself. We instead maintain the assumption of common trends in the mean of the latent index and assume
a specific functional form for the variance of ¢; to identify the error variance under the counterfactual.
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8 FISCAL STUDIES CONTRIBUTED PAPER

TABLE 1 The ATET using linear regression across different post-treatment windows

7+ July 7-20 July 21+ July
1) 2 3
Treated X post 0.08 —-0.07 0.12"
(0.06) (0.10) (0.06)
N 11,186 7,398 10,200

Note: See Table B3 for full regression results. Robust standard errors. Significance levels are shown as **p < 0.01, ™*p < 0.05 and *p < 0.1.

TABLE 2  Testing for sign reversals in the ATET

< Response category 1 < Response category 2 < Response category 3
Panel A. 7+ July
Treated X post —-0.054""" -0.035 0.006
(0.020) (0.028) (0.024)
N 11,186 11,186 11,186
Panel B. 7-20 July
Treated X post —0.023 0.046 0.047
(0.038) (0.049) (0.041)
N 7,398 7,398 7,398
Panel C. 21+ July
Treated X post —-0.061""" -0.056" -0.005
(0.021) (0.030) (0.026)
N 10,200 10,200 10,200

Note: Response category 1 is ‘not at all worried’, response category 2 is ‘not very worried’ and response category 3 is ‘fairly worried’. Each
column presents results from a linear probability model where the dependent variable is equal to one if the respondent selects a response category
less than or equal to the specified response category (i.e. response category 2). Includes full set of control variables. Robust standard errors.
Significance levels are shown as **p < 0.01, *p < 0.05 and *p < 0.1.

Table B1). In the short window between the first and second attack (column 2), the mixed responses
observed in Figure | result in a reduction in fears overall, though this effect is not statistically
significant.’

A limitation of using linear regression with ordinal outcomes is the scope for sign reversals in
coefficients (Schroder and Yitzhaki, 2017). We use the test proposed by Kaiser and Vendrik (2023) to
assess if sign reversals emerge in our setting. They suggest creating a series of dummy variables, each
equal to one if an individual’s response is less than or equal to a given response category. For example,
in our setting, the first dummy variable is equal to one if an individual responds ‘not at all worried’
and zero otherwise, the second dummy variable is equal to one if an individual responds with either
‘not at all worried” or ‘not very worried” and zero otherwise, and so on. Coefficients from regressions
on these dummy variables should not switch sign, as this would indicate that the (conditional) CDFs
cross, which violates first-order stochastic dominance. As Table 2 shows, the coefficient switches sign
in Panel A (after the terror attacks) and Panel B (between the first and second attack), but not in
Panel C (after the second attack). This test reveals that alternative monotonically increasing values
assigned to response categories can flip the sign of the ATET with linear regression. This is perhaps
not surprising as Muslims reduce reporting both ‘not at all worried’ and ‘very worried’ in favour of

3 As Muslims interviewed in the short window 7-20 July are more likely to live in London, we repeat this analysis for the (smaller) London sample.
We find positive a positive ATET across all post-treatment windows but the effect is largest and only statistically significant in the window 21+
July (results available on request).
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DIFFERENCE-IN-DIFFERENCES WITH ORDINAL DATA 9

TABLE 3 ATET in terms of the response probabilities (ordered probit)

7+ July 7-20 July 21+ July
ATETp, : ‘not at all worried’ -0.018 0.015 -0.024™
(0.011) (0.026) (0.011)
ATETp,: ‘not very worried’ -0.019 0.010 -0.029"
(0.013) (0.015) (0.015)
ATETp,: ‘fairly worried’ 0.006" —0.005 0.007"
(0.003) (0.010) (0.003)
ATETp,: ‘very worried’ 0.031 —0.020 0.046""
(0.021) (0.032) (0.023)
N 11,186 7,398 10,200

Note: Robust standard errors calculated using the delta method. Significance levels are shown as **p < 0.01, **p < 0.05 and *p < 0.1. See
Table B4 for full regression results from the ordered probit model used to estimate the ATET in terms of response probabilities.

‘not very worried’ in the short window after the bombings (see Figure 1). While limiting the usefulness
of the estimator in equation (1) for our purposes, this will not be the case in every setting, and it may
also be that sensitivity analysis reveals sign reversals require extreme response scale use (see Bloem,
2022; Kaiser and Vendrik, 2023).

Table 3 reports the ATET in terms of response probabilities as described in equation (3). Results
from ordered probit estimation of the latent index are also presented in Table B4 in the online
Appendix. Table 3 also shows a delayed reaction, with little impact in the period immediately after
the first attack, and a non-trivial impact in the period following the second attack. However, these
response probabilities also indicate where changes are taking place across response categories. For
example, there are falls of 2.4 and 2.9 percentage points in the probability of responding ‘not at all
worried” and ‘not very worried’, respectively, a 0.7 percentage point increase in the probability of
responding ‘fairly worried’ and a 4.6 percentage point increase in the probability of responding ‘very
worried’ after the second attack. The magnitude of the change in probabilities for ‘not at all worried’
or ‘not very worried’ is also statistically different to those for ‘fairly worried” or ‘very worried’.
Hence, these results indicate a shift from low to substantial racial harassment fears. However, Figure 1
suggests shifts occur from ‘not at all worried’ to ‘fairly worried’ in the period following the second
attack, which may imply a more flexible specification that allows for heteroscedasticity, such as that
in equation (4), provides a better fit for the data.

Table 4 presents the ATET in terms of response probabilities allowing all variables to influence
the mean and variance of the latent index (see equation (4)), with results from the accompanying
heteroscedastic ordered probit model presented in Table BS. Two points are worth noting: (1) the
likelihood ratio test rejects the hypothesis of homoscedasticity, making this our preferred specification;
(2) the effect of the terror attacks on racial harassment fears arises by reducing variability in the latent
index after the terror attacks rather than through an effect on its mean per se. The coefficient on
treated X post for the mean of the latent index remains positive in the final column of Table B5 but
is somewhat reduced in magnitude (0.10 instead of 0.14) with a p-value of 0.14. The coefficient on
treated X post in the variance component is —0.2 with a p-value of 0.004. Thus, after the second
attack, the responses of Muslims conditional on control variables become noticeably less noisy. So,
whereas prior to the terror attacks, responses reflect a variety of unobserved idiosyncratic influences,
the second terror attack seems to have brought into sharper focus the role of individual characteristics
and circumstances in shaping racial harassment fears. The ATET in terms of response probabilities,
presented in Table 4, reflects a combination of these effects. In line with Figure 1, they show a 5.3
percentage point reduction in the probability of responding ‘not at all worried’ and a 4.7 percentage
point increase for ‘fairly worried’ after the second attack.
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10 FISCAL STUDIES CONTRIBUTED PAPER

TABLE 4 ATET in terms of the response probabilities (heteroscedastic ordered probit)

7+ July 7-20 July 214 July
ATETp, : ‘not at all worried’ —0.049™" —0.024 —0.053""
(0.015) (0.033) (0.015)
ATETp,: ‘not very worried’ 0.023 0.067" 0.007
(0.022) (0.040) (0.024)
ATETp,: ‘fairly worried’ 0.041"™ 0.017 0.047"
(0.014) (0.021) (0.016)
ATETp,: ‘very worried’ —0.016 —0.061 —0.000
(0.025) (0.039) (0.028)
N 11,186 7,398 10,200

Note: Robust standard errors calculated using the delta method. Significance levels are shown as **p < 0.01, **p < 0.05 and *p < 0.1. See
Table B5 for full regression results from the heteroscedastic ordered probit model used to estimate the ATET in terms of response probabilities.

TABLE 5 ATET in terms of the response probabilities by gender (heteroscedastic ordered probit)

21+ July 21+ July 21+ July
All Men Women
ATETyp, : “not at all worried’ —0.053"" —0.060"" —0.050™"
(0.015) (0.022) (0.020)
ATETp,: ‘not very worried’ 0.007 0.010 0.006
(0.024) (0.036) (0.034)
ATETp,: ‘fairly worried’ 0.047°" 0.053™ 0.045"
(0.016) (0.024) (0.022)
ATETp,: ‘very worried’ —0.000 —0.003 —0.002
(0.028) (0.039) (0.042)
N 10,200 4,599 5,601

Note: Robust standard errors calculated using the delta method. Significance levels are shown as “*p < 0.01, **p < 0.05 and *p < 0.1.

Estimating the ATET separately by gender does not suggest that there are any substantial differences
in the impact of the bombings on fears of racial harassment between male and female Muslims.
Table 5 shows a 6 percentage point reduction in the probability of responding ‘not at all worried’
and a 5.3 percentage point increase for ‘fairly worried’ after the second attack for men, while the
corresponding figures for women are 5 and 4.5 percentage points, respectively. This contrasts with
the findings in Hole and Ratcliffe (2020), where we found marked gender differences among Muslim
adolescents in terms of the impact of the London bombings on their happiness and expectations of
facing discrimination in the labour market.

5.1 | Assessing common trends in the pre-treatment period

Although we have a single year of data, because we have access to the interview date, we are able to
consider if common trends hold in a pre-treatment period. While this does not guarantee that common
trends hold in the post-treatment period — see Kahn-Lang and Lang (2020) for an interesting discussion
— it can provide reassurance. The assumption of common trends may be sensitive to functional form

% While we found evidence of a decline in happiness and a rise in expectations of facing discrimination in the labour market among Muslim
teenage girls after the bombings, no corresponding effects were found for Muslim teenage boys.
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DIFFERENCE-IN-DIFFERENCES WITH ORDINAL DATA 11

TABLE 6 Assessing common trends in ordered outcome/latent index pre-treatment

26+ May 26 May-8 June 9 June—6 July
Panel A. OLS
Treated X post —0.09 —0.10 —0.08
(0.08) 0.11) (0.09)
Panel B. Ordered probit
Treated X post —-0.10 —0.11 —0.10
(0.09) 0.13) (0.10)
Panel C. Heteroscedastic ordered probit
Mean function: Treated X post -0.13 —0.14 —0.13
(0.10) (0.13) (0.12)
Variance function: Treated X post -0.03 —0.17 0.05
(0.09) 0.13) (0.10)
N 6,412 4,367 5,559

Note: Includes full set of control variables. Robust standard errors.

(see, e.g. Meyer, 1995) and different approaches for analysing the ATET with ordinal data impose
different common trends assumptions. For example, the ATET for the mean of the ordered outcome
assumes common trends in this mean, and the ATET in terms of response probabilities assumes
common trends in the latent index. Where practical, recourse to theory or context-specific knowledge
should help guide the choice of functional form (Kahn-Lang and Lang, 2020; Roth and Sant’ Anna,
2023) — but in the current context, there is no obvious frontrunner. In general, one advantage to
assuming common trends for the mean of the ordered outcome, as with linear regression, is the
availability of tools to assess the credibility of the common trends with continuous outcomes (see
Rambachan and Roth, 2023). In a test somewhat reminiscent of Kaiser and Vendrik (2023), Roth
and Sant’ Anna (2023) also propose checking common trends for the CDF of the untreated potential
outcomes as a means to assess whether the assumption of common trends holds for all transformations
of the outcome (i.e. alternative labelling schemes in the current setting).

When several pre-treatment periods are available, an event study plot remains a useful starting point
(Roth et al., 2023). An event-study plot is possible for the mean of the ordered outcome and latent
index but, with a single year of data, we opt for a pseudo-treatment test. We split the pre-treatment
period into a pre- and pseudo-post-treatment period with roughly an equal proportion of Muslims
interviewed across both these periods. For example, 55 per cent of Muslims are interviewed prior to 7
July, with 26 per cent of Muslims interviewed prior to 26 May, which we designate the pre-treatment
period, and 29 per cent of Muslims interviewed from 26 May to 6 July, which we designate the pseudo-
post-treatment period. As with our previous analysis, we further split the pseudo-post-treatment period
into 26 May-8 June and 9 June onward. Table 6 shows the effect of the pseudo-treatment on the mean
of the ordered outcome (Panel A) and the latent index with and without heteroscedasticity (Panels B
and C, respectively), providing little evidence of differential trends in either the mean of the ordered
outcome or the latent index in the pre-treatment period. For completeness, Tables B6 and B7 in the
online Appendix show the corresponding ATET in terms of response probabilities in the pseudo-post-
treatment period, also showing little evidence of a treatment effect. Overall, therefore, the assumption
of common trends holds in the pre-treatment period across different functional forms, which includes
our preferred specification; this is encouraging.
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TABLE 7  ATET in terms of the response probabilities (heteroscedastic ordered probit), alternative estimator

7+ July 7-20 July 214 July
ATETp, : “not at all worried’ —0.054"™" —0.004 —0.058™"
(0.019) (0.035) (0.019)
ATETp,: ‘not very worried’ 0.008 0.047 -0.014
(0.024) (0.047) (0.025)
ATETp,: ‘fairly worried’ 0.087"" 0.026 0.096™"
(0.020) (0.039) (0.022)
ATETp,: ‘very worried’ —0.040 —0.068" —0.024
(0.025) (0.041) (0.025)
N 11,186 11,186 11,186

Note: Standard errors are calculated using bootstrapping (1,000 replications) in order to take the sampling variation in /(Y; = k) into account.
Significance levels are shown as **p < 0.01, **p < 0.05 and *p < 0.1.

5.2 | Alternative estimator

As explained in online Appendix A, an alternative estimator of ATETp, is given by substituting the
expression in the first square bracket of equation (3) by I(Y; = k), where I(-) is the indicator function.’
Because the average of the predicted probabilities is not, in general, identical to the observed frequency
of response category k, the two estimators will not coincide. Online Appendix D presents a small-scale
simulation experiment, which shows that while both estimators are virtually unbiased, the estimator
presented in equation (3) is somewhat more efficient (assuming that the assumptions underlying the
estimator are met). However, as shown in online Appendix A, because the alternative estimator is
based on weaker assumptions, it is useful to compare the results from the two approaches.

Table 7 presents the ATET in terms of response probabilities estimated using the alternative
estimator allowing for heteroscedasticity. Comparing the results to those in Table 4 it can be seen that
the findings are qualitatively very similar. However, the results from the alternative estimator suggests
that the impact on fears of racial harassment are greater: for example, they show a 9.6 percentage point
increase for ‘fairly worried’ after the second attack, compared to an estimated 4.7 percentage point
increase according to the results in Table 4.

6 | CONCLUSION

Despite several recent developments for the method of DD with continuous outcomes — usefully
summarised in Roth et al. (2023) — correspondingly little guidance exists for practitioners seeking
to implement the method of DD with ordinal outcomes. Perhaps, as a result, empirical research adopts
a diverse range of approaches, from linear regression to several different methods of converting an
ordinal outcome to a binary outcome (see, e.g. Gruber and Mullainathan, 2005; Gregg, Harkness
and Smith, 2009; Brodeur and Connolly, 2013; Leicester and Levell, 2016; Hole and Ratcliffe, 2020;
Deal, 2022). Applying linear regression to ordinal outcomes can result in sign reversals of coefficients
(see Schroder and Yitzhaki, 2017), with implications for research findings and policy advice based
on this approach. However, converting an ordinal outcome to a binary outcome may involve arbitrary
choices and a loss of information. These shortcomings limit the usefulness of a wealth of data routinely
collected in surveys in public policy evaluation.

7 Analogously, an alternative estimator allowing for heteroscedasticity is given by substituting the expression in the first square bracket of
equation (4) by I(Y; = k).
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In this paper, we extend the solution proposed for the method of DD with binary outcomes to
ordinal outcomes (see, e.g. Blundell et al., 2004; Blundell and Costa Dias, 2009; Lechner, 2011;
Puhani, 2012) to construct the ATET in terms of response probabilities. There are three advantages
to focusing on response probabilities. First, marginal effects in terms of response probabilities are not
susceptible to sign reversals. Secondly, this approach retains all information in the ordinal outcome.
Thirdly, the ATET in terms of response probabilities provides a distributional assessment of the impact
of treatment, allowing a more complete picture of the impact of treatment to emerge. We emphasise,
however, that our goal is to increase the menu of available options to implement the method of DD
with ordinal data rather than dictate which approach should be used.

In our empirical application, we analyse fears of racial harassment among Muslims living in a non-
Muslim majority country following extremist Islamic terror attacks. Specifically, we focus on the first
extremist Islamic terror attacks in the UK, defined by an initial attack on 7 July 2005 and another
(failed) attack on 21 July 2005. After showing that sign reversals are possible when applying linear
regression to our ordinal outcome, we switch to our proposed estimator. Our preferred specification,
which allows for heteroscedasticity in the latent index, suggests a 5.3 percentage point reduction in the
probability of Muslims responding ‘not at all worried’” and a 4.7 percentage point increase in ‘fairly
worried’ relative to non-Muslims after the second terror attack, with little evidence of changes in
response categories ‘not very worried’ and ‘very worried’.

Our results contribute to the literature on the impact of extremist Islamic terror attacks on
discrimination from the perspective of Muslims in two main ways. First, our findings are in line
with those of Elsayed and de Grip (2018) and Giani and Merlino (2021) who find that extremist
Islamic terror attacks worsen Muslim immigrants’ attitudes toward integration and increase perceived
discrimination among Muslims, respectively. Our analysis adds a new aspect to the existing evidence
by focusing on fears of racial harassment, which have not been considered to date. Secondly, by
using our proposed methodology we are able to build a more detailed picture of how circumstances
changed for Muslims than is possible by using standard linear regression methods, by showing that
the increase in fears of racial harassment are driven by a decrease in the probability of responding ‘not
at all worried’” and an increase in the probability of reporting ‘fairly worried’ after the terror attacks.
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