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Abstract: We investigate how different approaches to the
implementation of regulations affect compliance by evaluating
the implementation of food hygiene standards in four English
authorities. We draw upon regulatory theory in general
together with specific literature on food hygiene standards to
advance a new “compliance return” concept, which enables
compliance outcomes and resource inputs to be considered
jointly. We operationalize “compliance return” as part of a
low-cost methodology for evaluating the relative effectiveness
of different approaches to implementing food hygiene stan-
dards. We find that different approaches to implementation
have significant impacts on food policy outcomes. Specifically,
implementation ranged from a greater emphasis on deter-
rence to a greater emphasis on cooperation, with coopera-
tion resulting in greater compliance and deterrence requiring
less resource input. When compliance level is considered along-
side resource input, to assess the overall “compliance return,” a
stronger case emerges for a deterrence approach. The food
policy implications are two-fold: (i) implementation affects
policy outcomes, and (ii) the measure of “compliance return”
developed and implemented in this article offers a low-cost
approach to support the ex-post evaluation of implementa-
tion choices. The Compliance Return approach may be
applicable more widely, especially where there is discre-
tion regarding how regulations are to be implemented.
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1 Introduction

This article addresses practitioner concerns regarding the
implementation of UK food hygiene regulations for estab-
lishments handling food — most of which provide food
directly to consumers — and contributes to the related scho-
larly literature on approaches to regulatory compliance.
Practitioners — e.g. senior public health managers in local
authorities — must not only implement food hygiene stan-
dards but must do so within cost constraints. This chal-
lenge has consequences when failure to comply affects
public health (e.g. there are an estimated 2.4 million cases
of foodborne illnesses each year in the UK, within which
there are 380,000 cases of norovirus, with eating out and
takeaways accounting for 37 and 26% of those cases; Food
Standards Agency, 2020). Yet, especially since 2009-2010,
when the financial crisis triggered “austerity” policies
that severely constrained local government budgets, local
officials must ensure compliance with limited resources
(Regulating Futures Review, 2017).

The practical need to reconcile high standards of
public health with low enforcement costs of doing so
gave rise to the research reported in this article, which
was commissioned by a consortium of four neighbouring
District Councils (local authorities; henceforth, LAs) — each
responsible for implementing the national food hygiene reg-
ulations in its own district — in the English West Midlands. (To
preserve anonymity, these four LAs are denoted LA1, LA2,
LA3, and LA4) To this end, we developed a “compliance
return” construct to (i) evaluate the efficacy of different
approaches to the implementation of food safety regulations
and (ii) demonstrate the terms of the trade-off between food
safety standards and the cost of securing compliance. Further,
we develop and explain how our quantitative methodology
can deliver these two objectives using the data available to
managers, hence at a low cost.

In pursuit of these objectives, we also contribute to
understanding how implementation affects compliance.
To assess this, we focus on two key compliance approaches,
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which, in their different guises, have deterrence and coop-
eration as opposing or complementary strategies (Ayres
and Braithwaite, 1992; Bates et al,, 2015; Braga et al.,, 2018;
Burby & Patterson, 1993; Downs et al, 1996; Kuperan &
Sutinan, 1998; Mackay et al., 2020; OECD, 2013, Rechtschaffen,
1998; Scholz, 1984). Our contribution to this literature is to
investigate, in the context of food hygiene, how even small
changes along this continuum of regulatory approaches can
have substantial impacts on both compliance outcomes and
compliance costs.

To enable implementation practices and their out-
comes to be compared across the four local authorities,
we were granted access to a large longitudinal data set
recording the complete results from food hygiene inspec-
tions carried out by all four authorities over a 10-year
period (fiscal years 2008-2009 and 2017-2018): i.e., 26,285
individual assessments of food hygiene and safety perfor-
mance carried out during regulatory interventions at 11,294
establishments. These authorities also provided personnel
data to enable us to consider the resources involved in the
delivery of the enforcement service, which, when consid-
ered alongside levels of compliance, enabled a fuller assess-
ment of the respective “compliance returns” of the different
approaches to implementation.

This study commences by positioning the investigation
within the deterrence and cooperation literature and, fol-
lowing this, the literature on compliance within the food
hygiene and safety area. We then introduce the construct of
“compliance return” and demonstrate its use in comparing
different approaches to implementation along the deterrence—
cooperation continuum. This involves explaining the two
essential constituents in the measure of “compliance return”:
the compliance score and the resource input by the regulator.
Having considered the literature on compliance and the ratio-
nale for our “compliance return” construct, we present the
methods used to analyse the data, present and interpret the
results of the analysis, and discuss the policy implications of
these findings.

Regarding the wider applicability of our Compliance
Return approach to evaluation, we conclude that it may
have external validity in regulatory fields where (i) full
cost-benefit analysis is not feasible, (ii) there is some discre-
tion — and thus some variation — regarding implementation,
and (iii) consistent records of inspection results are main-
tained across implementing authorities. In this article, we do
not attempt to identify such regulatory fields. Although we
cannot make statistically verifiable claims to external validity,
we attempt to provide sufficient detail about the context and
implementation of our approach for readers to make informed
judgements as to the applicability of our evaluation metho-
dology to their own circumstances.
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2 Policy: Modes of Implementation

In this section, we draw upon the literature to identify
deterrence and cooperation as modes of implementing
food hygiene and safety policy.

2.1 Theory (1): Using Deterrence and
Cooperation to Secure Compliance

When the success of a regulation is dependent on the level
of compliance achieved, and when compliance is not auto-
matic, then the question of how compliance can be encour-
aged becomes a critical matter. The question concerns how
compliance can be incentivized most effectively, with the
focus typically being a penalty to deter non-compliance
and/or support to help achieve compliance. These repre-
sent two styles of implementation and enforcement. The
names given to these styles include punishment and per-
suasion (Braithwaite, 1985), deterrence and cooperation
(Rechtschaffen, 1998), and coercive and catalytic (Weske
et al., 2018). Each enforcement style has different assump-
tions and actions. Deterrence assumes that individuals (as
well as private and public organizations) make rational
choices based on self-interest. This can lead to an unwill-
ingness to comply, which, being a purposeful choice, is
deemed to justify and require compulsion to force compli-
ance (Becker, 1968; Cohen, 2000; Ehrlich, 1975; Kagan et al.,
2003; Mintz, 1995; Markel, 2000, 2005; Nagin, 2013; Pearce &
Tombs, 1997; Stigler, 1970). Compulsion can include warnings,
fines, closure, and imprisonment. Cooperation assumes that
those being regulated are willing to comply but lack the capa-
city (e.g. knowledge) to comply. Actions would then involve
support to address the shortfalls in capacity (e.g. training).
Cooperation as a normative approach was born from studies
showing that persuasion, assistance, and collaboration were
the preferred approach of regulators (Braithwaite, 1985; Cran-
ston, 1979; Hawkins, 1984, 2002; Hutter, 1997) and from criti-
cisms of deterrence theory (Andreen, 2007; Rechtschaffen &
Markell, 2003; Scholz, 1997; Stoughton et al., 2001). These criti-
cisms, which Scholz (1997) summarized in four key points, are
that (i) corporations fail to act as fully informed utility max-
imizers, (ii) regulation fails to unambiguously define the
required behaviour, (iii) punishment is not a primary driver
of behaviour, and (iv) officials do not have the capacity to
detect and punish non-compliance. Together, these constitute
the justification for a more cooperative-focused approach.
Deterrence and cooperation should not, however, be
seen as mutually exclusive. It is recognized that coopera-
tion may not always work and that coercion needs to be
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available, to be called upon if necessary (Ayres & Braithwaite,
1992; Braithwaite, 1985, Burby & Patterson, 1993; Hawkins,
2002; Hutter, 1988; OECD, 2005; Rechtschaffen, 2004; Scholz,
1997; Stoughton et al., 2001). Integration rather than exclusion
has therefore permeated the debate on deterrence and coop-
eration, with much of the detail being on when and where
each should be used and their relative effectiveness (Andreoni
et al, 2003; Chen et al, 2012; Glicksman & EarnHart, 2007;
Scholz, 1984; Scholz & Gray, 1997). However, what remains
unclear is the issue of effectiveness more broadly. In parti-
cular, whilst the most obvious criterion is the level of compli-
ance achieved, this cannot be compliance at any cost, due to
the expectation that the benefits from compliance should out-
weigh the costs incurred (e.g. the remit of the Regulatory
Policy Committee, created by the UK Government in 2009,
focuses on the impact of regulatory decisions). Accordingly,
to compare the efficacy of different approaches to regulatory
compliance with food hygiene standards, we develop and
apply our “compliance return” construct, which jointly mea-
sures compliance and the costs to the regulatory authority of
achieving compliance. Joint measurement enables policy
makers to use existing data — hence, at minimal cost — to
evaluate different approaches to implementation by
exploring potential trade-offs between levels of compliance
and the costs of achieving such levels.

Empirically, studies on effectiveness have tended to
focus on either deterrence or cooperation, levels of com-
pliance when using either deterrence or cooperation, or
the effect of either deterrence or cooperation on the reg-
ulatee and/or the regulator. Examples include the explana-
tion of provisional driver non-compliance using deterrence
theory (Bates et al., 2015); cooperation being an incomplete
explanation of compliance with international agreements
(Downs et al., 1996); deterrence being more effective when
accompanied by a moral obligation and social pressure for
the regulation of Malaysian fishermen (Kuperan & Sutinan,
1998); cooperation through capacity building improving com-
pliance with State environmental regulations, and deterrence
working as well for simpler regulatory requirements (Burby
& Patterson, 1993); a systematic review showing that deter-
rence produces a small reduction in gang violence, drug mar-
kets and repeat offending (Braga et al., 2018); that increased
compliance occurs when firms participate in the compliance
process (Malesky & Taussig, 2017); and that regulators will
make trade-offs between deterrence and cooperation when
seeking compliance (Gunningham, 2017). One study that com-
pared deterrence and cooperation for the same regulated
activity is Weske et al. (2018). They compared the use of
deterrence and cooperation for regulation on quality and
patient safety in hospitals, showing that cooperation increased
the capacity of ward leaders to comply, subject to the caveat
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that this depended on the motivation of ward leaders, which
was shown to vary, which in turn necessitated the use of
deterrence when motivation was absent. Another study, by
Earnhart and Glicksman (2015), investigated deterrence and
cooperation for water discharge limits, concluding that coop-
eration resulted in better environmental management by
the firm.

The paucity of studies assessing how regulation is car-
ried out is a significant gap. Yet, the implementation litera-
ture is clear in pointing out the importance of identifying
and assessing the implementation influencing variables in
the securing of compliance (Khanna, 2021; Peters et al.,
2013; Sabatier, 1986). These variables include the consis-
tency and effectiveness of inspectors (Barnes et al., 2022),
availability of implementation resources (Borraz et al,
2022; Luukkanen et al, 2018), and forms of cooperation
(Buckley, 2015; Nevas et al., 2013). In our analysis, the imple-
mentation influencing variables, as previously alluded to,
are the use of deterrence and the use of cooperation, and
their implementation effectiveness as measured by compli-
ance output per unit of resource input. Specifically, when
using deterrence and cooperation for the same regulated
task, there is an absence of empirical analysis of compliance
levels alongside analysis of the efficacy in delivering those
compliance levels. To address this deficiency, we analyse
efficacy by (i) comparing compliance levels when using dif-
ferent approaches to regulation to secure compliance with
food hygiene standards by food handling establishments
(most of which provide food directly to consumers), in con-
junction with (i) comparing the resources used in the
delivery of these two approaches to securing compliance.
Before this is investigated in detail, we review the literature
on compliance with food hygiene and safety standards.

2.2 Theory (2): Food Hygiene and Safety
Standards

Food hygiene and safety in England, Wales, and Northern
Ireland is overseen by the Food Standards Agency and in
Scotland by Food Standards Scotland. The legislation the
Food Standards Agency implements includes the Food Safety
Act 1990, the Food Safety and Hygiene (England) Regulations
2013, Regulation (EC) 178/2002, Regulation 852/2004, and other
areas of law as detailed in the Food Law Code of Practice
(England) (2017). Local authorities are responsible for imple-
menting policies determined by national legislation, in colla-
boration with the Food Standards Agency. In England, Wales,
and Northern Ireland this involves 329 local authorities, which
cover substantial but varying populations. For example, the
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four local authorities studied in the present article serve the
following population sizes: LA1, 100,500; LA2, 123,300; LA3,
136,800; and LA4, 258,400.

The aim of food hygiene legislation and enforcement is
explained by Fleetwood et al. (2019, p. 77): “As the con-
sumption of food outside the home increases, efforts to
identify effective strategies to reduce foodborne illness
often focus on restaurants and other food premises. Inspec-
tions monitor hygiene while educating proprietors and ...
can inform consumers.” Accordingly, most establishments
that are subject to the food hygiene and safety standards
supply food directly to the consumer: the largest categories
of inspected establishments are “restaurants and caterers”
followed by “retailers” (the complete list of categories,
together with the proportions in which each one appears
in the data used in the present study, is presented in Sec-
tion 4.3.1.).

The food hygiene and safety standards are operated
through a food hygiene rating scheme, which involves
separate ratings on “food hygiene and safety procedures,”
“structure,” and “confidence in management.” (Structural
requirements concern the cleanliness and ease of cleaning
of all surfaces together with the adequacy of washing facil-
ities, ventilation, lighting and drainage; “confidence in
management” is a measure of confidence in the business’s
food safety management systems and likelihood of future
compliance.) The rating is from 0 to 5: where 0 = urgent
improvement necessary; 1 = major improvement necessary;
2 = improvement needed; 3 = generally satisfactory; 4 =
good; and 5 = very good. The rating is compulsorily dis-
played at the entrance to establishments in Wales and
Northern Ireland and voluntarily displayed in England.
Ratings are also publicly accessible via the Food Standards
Agency website.

Studies on the use of food hygiene and safety stan-
dards, and the visual display of establishment perfor-
mance, generally show a positive effect on food hygiene
and safety. A study that looked at the use of inspection-
based “grade cards” for hygiene performance for restau-
rants in Los Angeles County showed an increase in hygiene
quality and a decrease in foodborne illnesses (Jin & Leslie,
2003, 2009; Simon et al, 2003). A similar finding was
reported in Toronto, with disclosure improving compli-
ance and decreasing foodborne illnesses (Serapiglia et al.,
2007). In another study, a “letter-grade” score on restau-
rant hygiene in New York showed an increase in hygiene
conditions (Wong et al., 2015). The use of a food inspection
and restaurant grading system, but this time in Brazil for
the 2014 FIFA world cup, also showed an improvement in
food safety (da Cunha et al., 2016). A case study of Preston
City Council likewise showed that cooperation improved
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food hygiene and safety compliance and, in doing so, pro-
duced an economic benefit by facilitating a more efficient
use of resources (Bradford-Knox et al., 2016). In Berlin, the
use of a points-based scale for food safety laws again
showed a positive relationship (Fietz et al., 2018). Similarly,
the positive impact of public disclosure of inspection scores
was also reported in a recent study of King County in
Washington State, where there was a small but positive
impact on inspection scores and a corresponding reduction
of hygiene violations (Patel & Rietveld, 2020). This is repeated
in a study by Yu and Costanigro (2019), where the introduc-
tion of online restaurant disclosure scores for Orange County
in North Carolina resulted in improved hygiene safety scores.
Within this generally positive picture, it is important to note
that in an analysis by Ho et al. (2019), which looked again at
the introduction of food hygiene scores in Los Angeles, the
health improvements reported by Jin and Leslie (2003) were
absent when considered against new data and a revised
methodology. However, this, in turn, is at odds with a recent
study in the United Kingdom, which reported a clear associa-
tion between better inspection scores and reduced foodborne
illness (Fleetwood et al., 2019).

On the basis that the evidence shows improved food
hygiene and safety scores reducing foodborne illness, it is
apposite that we investigate how food hygiene and safety
scores can be improved. A study by Yapp and Fairman
(2005), which looked at compliance with food safety legis-
lation in small businesses, found that regulators and small
businesses viewed compliance in different ways: regula-
tors see compliance as an on-going proactive process of
evaluation and monitoring; while small businesses see
compliance as a reactive process that follows regulator
visits and inspections. This indicates that the regulator,
as a component in the complex set of factors that affect
compliance, can affect those factors via the regulator-re-
gulatee interaction. And if the regulator uses education,
persuasion, and cooperation to achieve compliance in the
first instance, which is widely held to be the case (Bardach
& Kagan, 1982; Braithwaite, 1985; Cranston, 1979; Hawkins,
1984, 2002; Hawkins & Hutter, 1993; Hutter, 1988, 1989, 1997,
May, 2005; May & Wood, 2003; May & Winter, 2011; Pautz,
2009, 2010), it is appropriate to ask whether this is the best
approach for improving food hygiene and safety scores.
Indeed, even if education, persuasion, and cooperation
are not the best approach, and the regulator-regulatee
interaction is a much more nuanced interaction, it is
incumbent on us to ask how the interaction affects food
hygiene and safety scores — to see whether we can improve
the scoring to reduce foodborne illness. In the present
study, even though the four neighbouring LAs under inves-
tigation collaborate and implement the same national
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regulations, there is a marked difference in approach to
ensuring compliance. This difference is explained in the
next section.

3 Four LAs: Two Distinctive
Approaches to Ensuring
Compliance

In the UK, local authorities have some discretion over how
to implement national legislation and accordingly can
develop distinctive approaches to enforcement. Indeed,
the scope of this study was determined by a joint decision
by the four local authorities to compare the efficacy of two
distinctly different approaches that had arisen within their
number: in LA1, LA2, and LA3, the approaches were broadly
the same by being compliance-to-support orientated, with an
assessment of compliance based on the conditions found
during the inspection, whereas in LA4 a support-to-compli-
ance approach was used, involving a number of visits to
provide support and advice followed by an assessment of
compliance once the establishment had had the opportunity
to implement the guidance given. (These characterizations
of the respective approaches were suggested by the authors
of the present study and were endorsed, along with the
following explanations, by the practitioner group — repre-
senting all four LAs — that commissioned the research
reported in this article).

The rating process, as specified in the Food Law Code
of Practice (England) (2017) (the Code), commences once
the establishment has registered with the local authority,
which they must do 28 days prior to the commencement of
trading. This is followed by an unannounced on-site visit to
verify that systems, procedures, and documentation are in
place. In LA1, LA2, and LA3, a rating would then be given
followed by advice and support. Subsequent visits, which
are unannounced and take place at frequencies deter-
mined by the level of risk involved, then re-inspect and
re-rate. When remedial action is required and the business
response is inadequate, local authorities have the power to
apply written warnings and potential enforcement actions
including seizure and detention of food, hygiene improve-
ment notices, hygiene emergency prohibition notices,
cautions, and prosecutions. We refer to this as a compliance-
to-support approach, since advice and support towards
compliance or an improved rating score are provided after
the assessment of compliance is undertaken and recorded.
However, a different approach is followed in LA4. It moved
away from compliance-to-support as this is perceived, in line
with the criticism of deterrence theory, to intimidate
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establishments, conditioning an evasive, non-cooperative
approach and an often-unequal relationship.

In LA4, these considerations resulted in an alternative
support-to-compliance approach. This was considered to
comply with statutory requirements (i.e. the rating is even-
tually applied following an unannounced visit, and enfor-
cement powers are used when needed) but gives greater
weight to prior observation of practices, identification of
risks, and provision of support in the compliance process.
In practice, the support-to-compliance approach involves
the pre-booking of visits to ensure that relevant people
would be present, the use of chefs’ overalls rather than
white coats, and as part of a less formal approach, the
development of a more equal relationship based on trust,
with an emphasis on joint working to identify solutions to
improve practices. This “hands on” approach takes place at
the establishment’s premises, with reports being jointly
produced and agreed on-site, and actions likewise being
immediately prioritized by both parties. Follow-up visits
continue until the establishment is deemed “safe” and
ready for a rating. Importantly, although this may require
more visits and more time spent with establishments, the
authority felt that it provided a more reliable indicator of
food hygiene compliance, since an officer will have had the
opportunity to observe a range of activities and food hand-
lers, and to have had discussions with the Food Business
Officer (FBO) and will therefore be able to make a more
informed judgement in the key areas pertaining to food hygiene
(“Procedures,” “Structure,” and “Confidence in Management”).
(The FBO is defined in Article 3 of Regulation (EC) No 178/2002 as
the natural or legal person responsible for ensuring that the
requirements of food law are met within the food business
under their control). The benefit is said to be a more accurate
judgement of the risks involved, which is perceived to be essen-
tial when the Code necessitates the determination of a minimum
inspection interval based on the risk rating given by the
inspecting officer. Hence, the LA4 approach, in preference to
what is seen as a less accurate “snapshot” from the inspection
checklist approach advocated in the Code (which may or may
not involve the FBO being present), considers that it is introdu-
cing positive changes in food hygiene practices, and as such, that
positive changes will more likely be sustained over time.

These approaches have evolved over time, since policy
changes take time to develop and take effect. The consensus
among the senior practitioners who advised and gave reg-
ular feedback on the project from which the present study
originated — all responsible for implementing food hygiene
regulations in their respective authorities — is that the avail-
able data span covered the conception, inception, develop-
ment, and hence divergence of the LA4 approach from the
relatively homogeneous approach of the other three
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authorities. Accordingly, we cannot identify a clear division
between some periods before and some periods after the
introduction of the LA4 approach. Therefore, to investigate
whether the LA4 approach gives rise to more compliant estab-
lishments, we compare the effects on establishment compli-
ance of location in each authority () for each year from
2009-2010 to 2017-2018 relative to the baseline year 2008-2009
and (i) for each year from 2013-2014 to 2017-2018 relative to the
five-year baseline period 2008-2009 to 2012-2013. However, we
then combine our measure of compliance with a measure of
resource expended to create a joint measure of “compliance
return,” which we propose as a more comprehensive measure
of the efficacy of different regulator-regulatee interactions.

4 Methodology: Research
Questions; the “Compliance
Return” Construct; and Data

In this Section, we set out the components of our “compli-
ance return” construct — ie. the compliance level and the
resource level — together with the data used to measure each
component. On this platform, we address two research questions.

4.1 Research Questions

Our measure of the compliance level of each enterprise
across the four authorities and in each year of the sample
period enables us to address our first Research Question (RQ1):
* “How does each authority differ in terms of compliance?” This
will identify systematic differences in compliance level (if any)
between the “compliance-to-support” approach of LA1, LA2,
and LA3 and the “support to compliance” approach of LA4.
Next, we measure the resource level available to each
authority in each year. We then combine our measure of
the resource level with our measure of the compliance level
to create a joint measure of “compliance return.” This enables
us to address our second Research Question (RQ2):
“How are LA differences in resources expended related to
compliance?” This will identify the terms of the trade-off
(if any) between compliance levels and resource levels.

4.2 The Construct

We propose the “compliance return” construct to measure
jointly (i) enterprise compliance (food hygiene and safety
scores) and (ii) the resource inputs made available by each
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local authority to administer the system. Compared to a
poorer performing “compliance return,” an improved “com-
pliance return” can be achieved by either an improved com-
pliance score or less administrative input.

The administrative cost to the regulator includes the
level of monitoring required to verify the compliance of
the business (e.g. number of inspections, time, and resources
needed to investigate compliance) and the cost of enforcing
non-compliance (e.g. improvement notifications, prosecu-
tion expenditure). We anticipate that deterrence would
necessitate a stronger emphasis on detecting non-compli-
ance and the collection of evidence to prove it, and the
time and expense when prosecution is pursued, while coop-
eration would require the time and resources to create the
conditions needed to avoid non-conformance in the first
place (Oded, 2013; Rechtschaffen, 1998). Given the extent of
these resource needs, it is often presumed, for the level of
compliance being pursued, that the regulator has the neces-
sary cognitive, computational, and administrative resources
to secure compliance (Garrie & Keeler, 1993; Glachant et al.,
2013; Russel et al., 1986). Yet, challenging the assumption that
regulators have the resources to regulate, UK regulatory autho-
rities, in line with other countries, have experienced an on-going
downward pressure on their budgets (Regulating Futures Review,
2017). The resources of the regulator, we posit, are therefore cri-
tical to compliance no matter how the regulation is implemented.
Moreover, the task is operationalized through streetlevel inspec-
tors, as they are the main mode for delivering policy (Hill & Hupe,
2002; Lipsky, 1980; Meyers & Vorsanger, 2003). This also applies to
compliance with food hygiene and safety standards, since this too
depends on “streetlevel” inspections. Hence, in all four local
authorities under investigation, food hygiene and safety officers
are the key units of resource when comparing the resource
requirements of different approaches to regulation.

Together, measures of compliance level (i.e., the food
hygiene and safety score) and of the resource level (i.e.,
number of food hygiene and safety officers) provide a fea-
sible and low-cost empirical platform for determining the
overall “compliance return,” because both can be clearly
defined and are readily available from a data acquisition
perspective. We explain, in Section 5.2, the technical pro-
cedure for combining the different units of measurement
of compliance and resources into a single composite “com-
pliance return” measure.

4.3 Data

The available data enables us to measure both compliance
outcomes and the corresponding resource inputs.
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4.3.1 Compliance Outcomes

The data on food hygiene compliance comes from inspections
by professionally qualified food safety officers. Inspections take
place in accordance with national statutes and thus give rise to
standardized data in electronic form. The data for all four
authorities are collected, compiled, and curated in a common
format and subject to rigorous checking — these data must
meet statutory requirements — by the IT Department of LA3,
who transferred the data set used in the present study to the
authors. Storage and transmission of the data were electronic
and thus not subject to the introduction of errors. Subsequent
quality checks by the authors confirmed that there were no
missing or outlying values.

The data made available for this study are the official
records of the relevant population of inspections over a 10-
year period (fiscal years between 2008-2009 and 2017-2018):
ie,, all inspections of all inspected establishments in all four local
authorities. The data available enabled us to investigate the food
hygiene and safety rating scheme by providing the following
variables: a unique establishment identifier (ie., the same for
each inspection during the whole sample period); the local
authority carrying out the inspection; the date of inspection;
the type of business; and the Overall Risk score. Although the
number of variables is minimal, these data proved sufficient to
implement the panel fixed effects strategy explained and imple-
mented in Section 5. The data were provided in Microsoft Excel.
Subsequent variable transformation and estimation were con-
ducted in Stata 16 (such as creating a new variable to record the
year of inspection and creating the dummy variables specified
in our econometric model). Minimal data preparation to bring
raw data into the form necessary for econometric analysis is
consistent with an approach to evaluation that is relatively easy
to implement and thus low cost.

To assess levels and changes in food hygiene and
safety compliance, we use the “Overall Risk” score as the
unit of analysis. The Overall Risk score is the total numer-
ical score allocated to a food business establishment, fol-
lowing an inspection, and captures the factors that can be
affected by the establishment itself: i.e., food hygiene and safety
procedures; structure; and confidence in management. The
Overall Risk score is continuous from 0 to 147, with the score
decreasing as compliance improves (so a score of 147 is the
worst possible score while 0 is the best possible score), and
translates into the 0-5 public food hygiene rating described
earlier. (In our sample [N = 26,285], per rating category [0-5]
the mean Overall Risk scores [0-147, rounded] are 0/97 [n =
114]; 1/77 [n = 1,587]; 2/64 [n = 1,004]; 3/56 [n = 5,181]; 4/47 [n =
4,753]; and 5/37 [n = 13,646]. The correlation is near perfect
(—0.9965), noting that the higher the better for the publicly avail-
able rating scale but the lower the better for the underlying Risk
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Score). Nationally, most establishments (90.2%) are rated at 3 or
above, showing that compliance is generally satisfactory or
better (Food Standards Agency, 2018). This is also a characteristic
of our sample (89.7%). The Overall risk score is thus the measure
with the highest informational content on the food hygiene
and safety performance of the establishment and therefore
is our preferred measure of the food hygiene and safety
compliance of the establishment.

Our data on the Overall Risk score are complete for
all four LAs throughout the sample period. In total, there
are 11,294 establishments uniquely identified over time.
The following are the percentages of the total number of
inspections accounted for by the different categories of estab-
lishments subject to inspection: Distributors/Transporters
(1.45%); Slaughterhouse (0.11%); Importers/Exporters (2.47%);
Manufacturers and Packers (2.16%); Primary producers
(0.21%); Restaurants and Caterers (72.74%); Retailers
(21.42%); and Supermarket/Hypermarket (1.96%). The
number of establishments by local authority was as follows:
948 in LA4; 1,786 in LA3; 1,591 in LA2; and 6,969 in LAl. The
analysis of food hygiene and safety compliance involved
26,285 observations from individual inspections, with a max-
imum of six observations for any one establishment and a
mean of 2.3 observations per establishment across all 11,294
establishments. As Appendix B shows, the observations were
spread fairly evenly across local authorities and by year.

An important concern is that scoring differences between
the four local authorities under consideration may reflect sys-
tematic differences in assessment and recording practices, even
in the context of national regulations. If so, then the econometric
estimates reported below to address our two Research Questions
(Section 4.1) could be invalidated by confounding effects. For
example, if inspectors adopting the “support to compliance”
approach were inclined towards leniency then their food hygiene
scores would fail to capture the true effect of the food hygiene
approach. However, the following considerations suggest that
there were no such variations in enforcement standards across
the four authorities investigated in the present study.

1. Consistency of the food hygiene standards is sought
through:

0 a common national methodology for rating food
establishments;

0 minimum qualifications to become a food standards officer
(e.g. Higher Certificate in Food Premises Inspection, Higher
Certificate in Food Control, Advanced Professional
Certificate in Food Hygiene and Standards Control);

o continuing professional development of officers (e.g.
Cannock Chase Council Food Safety Service Plan,
2016-2018);

o liaison groups across local authorities (Newcastle
Under Lyme Borough Council, 2014);
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o0 inter-authority audits (e.g. Audit of Food Hygiene
Service Delivery Focussing on Service Organisation,
Management, and Internal Monitoring Arrangements,
London Borough of Bromley Council, Food Standards
Agency, 2017) and, from 2016;

0 a national consistency exercise for England, Wales,
and Northern Ireland (Food Standards Agency, 2016),
involving a proportion of officers from all local autho-
rities and revealing a high level of consistency.

2. Indeed, the UK Food Standards Agency (2015) has inves-
tigated just this issue, concluding that “management
practices within local authorities may result in incon-
sistencies observed within the case study pairs.” How-
ever, our study is not based on statistically matched but
otherwise unrelated “study pairs,” but on a group of
local authorities in close geographical proximity that
work closely together and share infrastructure (such
as the IT system that enabled the data for the present
article to be accessed in a form suitable for econometric
analysis). Indeed, this report also concludes that “where
present, the use of shared processes and policies to
enforce food safety regulation has promoted regional
consistency in the delivery of official controls between
local authorities.” This characterizes the relationship
between the four local authorities under investigation.
To ensure assessment and recording practices, these
neighbouring authorities undertook continuing profes-
sional development of officers and cooperated through
formal liaison (indeed, the project from which the pre-
sent study originates is an outcome of such coopera-
tion). The close collaboration of the four LAs under
investigation together with the audit trail outlined
above suggests common and accurate recording prac-
tices and, hence, the validity of our compliance
measure.

3. Fleetwood et al. (2019, p. 76), reporting research con-
ducted by the Science Evidence and Research Division
of the UK’s Food Standards Agency (Rahman et al., 2018),
“demonstrates an association between the results of
food hygiene inspections done by trained inspectors,
using a rigorous and consistent procedure, with micro-
biological contamination of actual food samples taken
from those premises.”’ Fleetwood et al. (2019, p. 78) note:

1 Fleetwood et al. (2019, p. 78) note that food samples are taken “in
accordance with rigorous guidelines” and that “while sampling can
occur during an inspection, it is often done separately as part of an
overall sampling strategy.”
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To address potential consistency issues in the UK, the FSA under-
takes national consistency exercises to keep variations to a
minimum, and commissioned research looking at inspectors
and whether their experiences or sequence of observations influ-
enced scores. The research shows inspections are reasonably
consistent, accurate, and robust.

Moreover, while noting that detecting public health bene-
fits is “extremely complex,” Fleetwood et al. (2019, p. 83)
estimate the positive impact of reducing foodborne illness
by improving “compliance with food hygiene law”. How-
ever, from the evidence of a strong (and statistically sig-
nificant) positive correlation between food hygiene ratings
(the same metric as used in the present study) and inde-
pendently measured microbiological contamination, we
can infer the consistency of standards implied by standard
protocols, requirements, and rigorous standards checked
by national consistency exercises.

4. In contrast to corrupt practices reported from several
cities in the USA, Fleetwood et al. (2019, p. 85) “found no
evidence of bribery in the UK, where ... initiatives eval-
uating reliability and consistency are in place.”

5. Finally, the evidence for consistency of standards is consis-
tent with participant observations made by the researchers.
Discussions in the advisory group that supported this
research concerned different approaches to enforcement.
However, senior representatives of all four local authori-
ties accepted that the same standards were being applied
even where the inspection processes vary between com-
pliance-to-support and support-to-compliance approaches
to enforcement.

According to these five considerations, including FSA-
originated research addressing its own previous concerns
regarding the consistency of standards, we conclude that the
estimated compliance effects reported below reflect different
approaches to enforcement rather than the potentially con-
founding effects of inconsistent standards.

4.3.2 Resource Inputs

LA3 also provided data from the respective personnel
departments of the four LAs. This enabled the creation of
a new variable to measure resource inputs: Resource —
defined as the ratio of the number of available inspectors
(full-time equivalents, henceforth FTE) to the number of
inspections carried out by each local authority in each
year (= FTE/Number of inspections).

Descriptive data by authority and year on the number of
inspections and the available FTE are reported in Tables 1 and
2. The derived Resource variable is reported in Appendix C.



DE GRUYTER Compliance Return Approach to Implementing Regulations = 9
Table 1: FTE numbers by Authority and Year

2008-2009 2009-2010 2010-2011 2011-2012 2012-2013 2013-2014 2014-2015 2015-2016 2016-2017 2017-2018
LA4  3.05 2.25 1.86 3 3 3 3 3 3 3
LA3 45 4 4 4 4 4 4 4 4 4
LA2 31 2.81 3.72 34 34 34 34 34 2.5 2.5
LA1 75 7.5 7.5 7 6 5 5 4.6 4.6 4.6

Salary data were not available throughout the sample
period. However, standard professional qualifications and
salary scales support the interpretation of our Resource
variable as a proxy for cost.

5 “Compliance Return”: Empirical
Application

First, we use econometric estimation to identify the com-
pliance effects of each LA in each year relative to both
a baseline year and a baseline period. Second, we combine
our measure of compliance with our measure of resource
input to obtain our empirical “compliance return” construct,
which is the compliance output return per unit of resource
input. Finally, we estimate the effects of each LA’s approach
to implementation on “compliance return.”

5.1 Estimating Relative Compliance Effects:
Model and Results

We gain some initial insight into the effects of the different
approaches to compliance by comparing the mean Overall
Risk scores for each local authority over the whole sample.
The mean Overall Risk Score for all 26,285 observations is
46.21. Figure 1 displays the mean Overall Risk Score from
all inspections undertaken by each local authority in each
fiscal year (2008-2009 to 2017-2018). The horizontal red
lines mark the mean for each authority over the sample
period.

Table 2: Number of inspections by Authority and Year

The authority means over the whole sample period
vary with high degrees of statistical significance: LA1 =
50.10 > LA3 =44.81>LA2 = 43.32 > LA4 = 38.98 (t-tests reject
the null of equal means in each comparison with p = 0.0000).
These unconditional (i.e., model-free) statistics suggest that
establishments in LA4 typically display a higher level of com-
pliance than do establishments in the other three LAs and are
thus consistent with the suggestion that LA4’s support-to-com-
pliance approach may outperform the compliance-to-support
approach of the other authorities.

Next, we specify an econometric model to isolate and
measure (i.e. to identify) the influence on establishment
compliance of location in a particular authority in each
year separately relative to the base year, 2008-2009. The esti-
mated establishment compliance model (equation (1)) explains
variation in Overall Risk scores (the dependent variable) by
variations in the independent variables, where i = 1, ..., 11,294
indexes the establishments and ¢t = 2009-2010, ..., 2017-2018
indexes the years in which inspections occurred (2008-2009
is omitted as the base year).

Overall Risk Score;, = Constant
2017-2018 2017-2018

> B,bviAl+ ) B, DVLA2
t=2009-2010 t=2009-2010
2017-2018 2017-2018

> B,DVLA3+ )  f,DVLA4
t=2009-2010 t=2009-2010

+ f;Restaurants & Caterers;

+

+

+ 0+ &

DVLA1 is a dummy variable (DV) (=1 for each inspec-

tion by LAl; = 0 for each inspection by another local

authority) and fo%ggg%loﬁnDVLAl sums the estimated

effects (B,,) — relative to the base year, 2008-2009 — in

2008-2009 2009-2010 2010-2011 2011-2012 2012-2013 2013-2014 2014-2015 2015-2016 2016-2017 2017-2018
LA4 90 355 265 334 426 248 184 501 31 372
LA3 204 173 237 1,277 560 552 541 602 508 485
LA2 219 224 370 547 1,139 668 673 691 663 819
LA1 657 971 856 839 666 831 690 820 847 4,870
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Figure 1: Mean Overall Risk Score by year (2008-2009 to 2017-2018) and local authority. Note: Horizontal red lines indicate the mean for each local
authority over the sample period. The means are statistically different from each other.

each year of an establishment being subject to regulation
by LAL — 1. By3009-2010DVLAL + B, pg19-50qDVLAL + ... +

B1,2017—2018DVLA1' By analogy, B,,, fs, and f,, respectively,
estimate the effects for each year of an establishment being
subject to regulation by LAs 2, 3, and 4. Only one establish-
ment category varies over time in our sample and can thus
be included in the model (because, otherwise, lack of time
variation gives rise to perfect collinearity in the data):
accordingly, we control for whether the establishment
belongs to the “Restaurants and Caterers” category (=1;
otherwise, 0). The model also estimates a “fixed effect”
for each establishment (d;), which controls for all constant
(or slowly moving) but unobserved between-establishment
influences on compliance. Each establishment fixed effect
not only controls for unique features of the establishment
itself but also for (i) higher-level influences on the estab-
lishment throughout the sample period (such as the socio-
economic environment in a local authority area), and (ii)
initial conditions for establishments (e.g. establishment-
specific inherent risk characteristics that might influence the
likelihood of inspection), local authorities, and local authority
areas at the onset of, and thus constant throughout, the sample
period. However, these fixed effects do not account for the
effect of the Local Authority by which the establishment is
regulated, because our variables of interest allow this influence
to be time-varying. Accordingly, whereas the fixed effects

account for all the variation between establishments, the esti-
mated effects of our variables of interest — the authority-year
dummies — arise entirely from changes within establishments
over time. The “Constant” is the mean of the fixed effects,
thereby capturing any systematic unobserved influences that
affect all establishments in all periods. Finally, the usual regres-
sion errors (&;) capture unobservable idiosyncratic influences
on each establishment in each period.

Although our data is rich in that it gives us the food
hygiene scores from every inspection carried out in our four
local authorities over a 10-year period, it includes only one
directly observed variable that allows us to control directly
for potentially time-varying effects (Restaurants and Caterers,
as noted earlier). Accordingly, a potential limitation of our study
is that we cannot control directly for other time-varying firm-
level effects that might influence the risk score. However, while
the literature identifies socio-economic differences between
areas that might affect establishments’ food hygiene scores
(Collins, 2015), these are unlikely to be substantially time-
varying during our sample period and so — as noted above —
are controlled by the fixed effects. In part, this is because the
likelihood of substantial time variation is reduced when we
consider that an average of only 2.3 inspections per establish-
ment were carried out during the sample period. Yet, even to
the extent that such influences may have changed incremen-
tally during our sample period, the fixed effects still exercise
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their control function, because our firm-level fixed effects con-
trol not only for all firm-specific influences that are constant but
also for firm-specific influences that are slowly moving (Beck,
2001; Plumper & Troeger, 2007).> Consequently, because the
fixed effects are a component of the estimated part of the
model, time-invariant and slowly moving influences otherwise
omitted from the model do not enter the error term to become
a source of endogeneity bias (in the case that such omitted
influences were to be correlated with one or more variables
in the estimated part of the model). Moreover, the literature
does not empirically identify, or even suggest on theoretical
grounds, influences on businesses’ food handling that might
be strongly time-varying (let alone time-varying in just the sys-
tematic manner required to confound the estimated effects of
our authority-year dummies). Finally, although there may have
been changes in the policy and macroeconomic environment
during the sample period that affected businesses across all
four local authorities, which together constitute a geographi-
cally compact sub-region, such changes could not have been a
source of systematic variations between establishments across
the four local authorities. In the light of these considerations, we
judge that specifying our model with establishment-level fixed
effects to control for otherwise unmodelled time-invariant and
slowly-moving influences brings us as close as possible — within
the limitations of the available data — to an empirical strategy
for estimating broadly indicative comparisons between dif-
ferent approaches to regulatory enforcement.

The complete estimated model is reported and inter-
preted in detail in Appendix A. Here, we focus on the esti-
mates of interest, i.e. f;,, By, By and f,,. Respectively, for
LA1, LA2, LA3, and LA4, these estimate the year-by-year
changes in average Overall Risk score — measuring estab-
lishment compliance — compared to the average Overall
Risk score in 2008-2009 (the base year). Figure 2a displays
these estimates graphically.

In most years, all four authorities record improved
compliance. The reference line at zero indicates no change;
negative values on the Y-axis show improvements; and
conversely, positive values on the Y-axis show decreases
in average compliance. The dots represent yearly changes
in average overall risk score relative to the base year of
2008-2009, while the vertical bars running from the dots
are 95% confidence intervals, which show the range within
which we can be 95% sure that that the improvement is
valid (i.e., not just a random fluctuation). The confidence
intervals are calculated from the cluster-robust standard

2 According to Beck (2001, p. 285): “Although we can estimate a model
with slowly changing independent variables, the fixed effect will soak
up most of the explanatory power of these slowly changing variables.”

Compliance Return Approach to Implementing Regulations = 11

errors reported in Appendix A, Table Al. (Likewise for the

results reported in Figures 2-4). When the confidence

intervals touch or cross the zero reference line, the esti-
mate is not regarded as statistically significant (i.e., not
distinguishable from zero).

Each dot depicts one of the respective estimated coeffi-
cients B, By Bs,» and B, (ie. one for each local authority in
each year), while the vertical bars depict the associated con-
fidence intervals (such that the shorter the bar the more
precise the estimate). In general, the greater the number of
observations, the more precise are statistical estimates.
Accordingly, the confidence intervals for LA4 extend further
than do those of the other local authorities, because there are
fewer establishments and observations available for LA4 (948
and 3,086) than for the other local authorities: LA2 (1,591 and
6,013); LA3 (1,786 and 5,139); and LA1 (6,969 and 12,047).

The Authority-Year effects reported in Figure 2a are
not cumulative and can be scaled against the mean Overall
Risk score (=46.21).

* LA4 improved establishment compliance in all 9 years: in
each year, the improvement in the Overall Risk score
was substantial, being between -8.92 and -19.03 on the
base year (i.e., between -19.3 and -41.2% of the mean
Overall Risk score).

* LA3 improved establishment compliance in 7 of the 9
years, with improvements between -3.75 and -7.10 on
the base year (i.e., between —8.1 and -15.4% of the mean).

* LA2 improved establishment compliance in 7 of the 9
years, although the improvement was less pronounced,
being between -1.35 and -3.39 on the base year (ie.,
between -3.0 and -8.5% of the mean).

* LAl improved establishment compliance in 8 of the 9
years, being between -1.90 and -6.13 on the base year
(i.e. between —4.1 and -13.3% of the mean).

From these estimates, we conclude firstly that not only
is the average level of compliance higher in LA4 than in the
other three authorities (Figure 1) but that this effect is sys-
tematic, present in every year. While all four local authorities
improved establishment compliance, LA4 achieved, in each
year and by some margin, a greater improvement relative to
the base year than did each of the other three local autho-
rities. Whereas the upper bounds of the LA4 95% confidence
bands are clearly separated (and thus statistically distinct)
from the lower bounds for the other local authorities every
year, the mainly overlapping confidence intervals between
the LA1, LA2, and LA3 estimates show that with respect to
improvements in compliance, these three authorities have
more in common with each other than with LA4.

Together with the superior average compliance in LA4
(Figure 1), the persistence of greater compliance throughout
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the sample period (Figure 2) is evidence consistent with the
greater effectiveness of LA4’s support-to-compliance approach
in comparison with the compliance-to-support approach used
by the other authorities. However, best practice considera-
tions suggest that we should investigate the possibility that
features of our data or model might be accounting for the
effects — and their trajectories — presented in Figure 2a.

Accordingly, we investigate the robustness of these findings

with respect to two potential sources of bias.

1. The widely varying number of inspections per establish-
ment could be a source of bias.

2. Time-series comparisons — especially over short periods
— are notoriously sensitive to initial conditions. Figure 1
shows a markedly worse mean Overall Risk Score for
LA4 at the beginning of the sample period, which raises
the possibility that subsequently, superior compliance
reflects only a poor starting position.

In the whole sample used so far, the average number of
inspections is 2.3, ranging between one and six (Appendix A).
Accordingly, a concern is that our estimates may be averaging
across establishments with relatively few and establishments
with relatively many inspections that potentially could react
differently to one or both approaches to enforcement. To
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investigate this source of potential heterogeneity, we estimate
our model on a sample comprising only those establishments
with five or six inspections, respectively, accounting for 8,525
and 426 observations (together a little over one-third of the
whole sample), which gives sufficient cross-section breadth
and time-series depth for comparison with the population
results so far reported. For individual local authorities, the
percentage reductions in the number of establishments and
observations available for estimation are LAl - by 96%
and 89%, respectively; LA2 — 52 and 36%; LA3 — 76 and
57%; and LA4 by 68 and 49%. Comparison of Figure 2b
(reduced sample) with 2a (full sample) shows that, while
not identical, the overall pattern of estimates is robust to large
changes in the number of establishments and observations.
First, in each year, the point estimates for LA4 continue to be
much the same size and lower than for the other three autho-
rities. The upper bounds of the LA4 95 per cent confidence
bands are clearly separated (and thus statistically distinct)
from the lower bounds for the other LAs in four from nine
years (and borderline in another) compared to lower in every
year. This less clear separation of LA4 from the other three
authorities reflects (i) lower estimates for LA1, conditioned by
the most extreme reduction in sample size, and (ii) a conse-
quently smaller sample resulting in less precise estimates (i.e.

Overall Risk: Better [-] ; Worse [+]

® LA4
® LA2

® LA3
® LA1

(b)

Figure 2: Food Hygiene and Safety Compliance by Local Authority - Changes in average Overall Risk score from 2009-2010 to 2017-2018 (each year’s
estimate is relative to the base year of 2008-2009): (a) full sample (11,294 establishments; 26,285 observations); (b) establishments with five or six
inspections (1,776 establishments; 8,951 observations). Source: Estimated fixed effects models. The Panel 2a model is reported and explained in full in

Appendix A.
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Figure 3: Food Hygiene and Safety Compliance by Local Authority - Changes in average Overall Risk score from 2013-2014 to 2017-2018 (each year’s

estimate is relative to the base period from 2008-2009 to 2012-2013).

wider confidence bands). (In the reduced sample, the number
of establishments and observations for each authority are:
LA1 - 270 and 1,350; LA2 — 762 and 3,841; LA3 — 436 and
2,195; and LA4 - 308 and 1,565.) Nonetheless, while the LA1
estimates are lower in the reduced sample, overlapping con-
fidence intervals between the LA1, LA2, and LA3 estimates
continue to show that with respect to improvements in com-
pliance, these three authorities have more in common with
each other than with LA4. Accordingly, we continue our ana-
lysis using the whole sample.

To check robustness with respect to the baseline, we
estimate our model on the full sample. However, instead of
estimating our authority-year variables relative to a single
year (2008-2009), we estimate our variables of interest rela-
tive to the five-year period from 2008-2009 to 2012-2013. The
full model is available on request. The estimates of interest
are displayed graphically in Figure 3.

Qualitatively, the results are similar to those estimated
relative to the single baseline year, 2008-2009: in each
year, the LA1, LA2, and LA3 estimates are not statistically
different from each other, whereas four from five LA4
estimates show statistically greater improvements (three
with clear and one with borderline statistical significance).
Quantitatively, however, the range of improvements is reduced
from between —8.92 and -19.03% on the base year 2008-2009 to
between -3.29 and -9.48% (i.e., between —7.2 and —20.5% of the
sample mean). If we extend the base period to the first 6 years,
the improvements range between -5.44 and —9.01%. In round

terms, diluting the effect of early years with higher (worse)
Overall Risk Scores reduces LA4’s outperformance by about
a half.

5.2 Resource Input and the Measurement of
Compliance Return

So far, we have investigated variations in compliance asso-
ciated with different approaches followed by the four local
authorities. We have presented evidence that (i) LA4’s
“support-to-compliance” approach is more effective in
achieving compliance than the “compliance-to-support”
approach used by the other authorities, and (ii) this outper-
formance is not an artefact of data limitations or the choice of
baseline. In this section, we investigate the influence of dif-
fering levels of resource input on differing levels of compli-
ance achieved by the four LAs.

This part of the investigation proceeds in two stages:
first, we construct our measure of “compliance return” to
capture the combined effect of Overall Risk Score (our
compliance output variable) and Resource (our resource
input variable); second, we use this joint measure as a
new dependent variable in our econometric model (equa-
tion (1)).

Stage 1.

+ Step 1. The values of our compliance variable — Overall Risk
Score — are transformed into z scores: z Overall Risk.
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* Step 2. The values of our Resource variable (Section 4.3.2)
are likewise transformed into z scores: z_Resource.

+ Step 3. Overall Risk Score and Resource are measured in
different units. However, once standardized by z trans-
formation, we can follow Chignell et al. (2015) to create a
composite performance measure by summation of the
respective z scores:

Compliance Return; = 0.5z_Overall Risk; @
+ 0.5z_Resourceg.

Subscripts i and ¢ — as in equation (1) — indicate that
Compliance Return and z_Overall Risk vary by establish-
ment and year, whereas z_Resource varies by the local
authority (subscript a = LA1, LA2, LA3, and LA4) and
year. Compliance Return is interpreted in the same manner
as z_Overall Risk, which enters with a positive sign so that
higher (lower) values are registered as worse (better) Com-
pliance Return. In Section 4.3.2, we defined our Resource
variable as Number of inspectors (FTE)/Number of inspec-
tions. Hence, for consistency, z_Resource is also entered
positively in equation (2), as (i) more FTE per inspection

Standardized Composite Compliance Return: Better [-]; Worse [+]
<
©
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means greater resource for a given Overall Risk score, so

reduced efficiency and a higher (i.e. worse) Compliance

Return score, while (ii) more inspections for a given FTE

count increases efficiency and thus lowers (i.e. improves)

the Compliance Return score. Weighting allows greater or
less influence to be attributed to the two components. How-
ever, departing from equally weighted components (both

0.5) must be guided by “a comprehensive set of research

findings” (Chignell et al., 2015, p. 38), which do not exist in

the present case and go beyond the scope of the present
study.

* Step 4. Compliance Return is also transformed into a z vari-
able, according to the following formula (The method is
clearly set out at: https:/stats.stackexchange.com/questions/
348192/combining-z-scores-by-weighted-average-sanity-
check-please). Equation (3) is an approximation, because it
assumes that the component z scores are independent. How-
ever, the correlation is very small (—0.0230) and so makes no
practical difference to the calculation. The resulting compo-
site measure is standard normal distributed with mean
zero (-5.93 x 107%) and standard deviation very close to
one (0.988).
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Figure 4: Local Authority Food Hygiene and Safety: Standardized Composite Compliance Return (Standardized Overall Risk score adjusted for
Standardized Resources). (a) From 2009-2010 to 2017-2018 (relative to 2008-2009). (b) From 2013-2014 to 2017-2018 (relative to 2008-2009 to
2012-2013). Note: Bars within the hollow markers are confidence intervals, which reflect very precise estimation.


https://stats.stackexchange.com/questions/348192/combining-z-scores-by-weighted-average-sanity-check-please
https://stats.stackexchange.com/questions/348192/combining-z-scores-by-weighted-average-sanity-check-please
https://stats.stackexchange.com/questions/348192/combining-z-scores-by-weighted-average-sanity-check-please

DE GRUYTER

Wa

wg ZB

+
ZA Wy + wg

W + wg

2 2’ 3)
]« )

where Zy is our standardized Compliance Return variable
(z_Compliance Return), a weighted combination of Z, (stan-
dardized Overall Risk score, z_Overall Risk), weighted wj, and
Zp (standardized Resource, z_Resource), weighted wp (where
in our case wy = wg = 0.5).

Stage 2.

The standardized Compliance Return variable (Zy or
z_Compliance Return) is then used as the dependent vari-
able in the model (equation (1)), which otherwise has the
same specification as our model reported in Appendix A
and informing Figure 2(a and b) and 3. The estimated
effects on our standardized z_Compliance Return variable
of regulation by each respective authority in each year are
set out in Figure 4: with respect to the base year, in Figure
4a; and with respect to the five-year base period, in Figure
4b (the estimated models are available on request).

The message of Figure 4 is that the systematically
greater compliance achieved by LA4 (Figures 2 and 3)
comes at a cost. Although Figure 4a indicates superior per-
formance from LA4, this reflects a very high (i.e. worse)
z_Compliance Return value in the base year (Appendix C,
Table A3), which, in turn, is driven by a very low number of
inspections in 2008-2009 (Table 2): the Resource variable =
Number of inspectors/Number of Inspections (Section 4.3.2)
and Compliance Return is a weighted average of the Overall
Risk score and Resource, so that a low level of inspections
conducted by a particular authority in a given year means
fewer inspections per inspector — ie. reduced efficiency —
and, in turn, an increase in the Resource variable and an
increase in our Compliance Return construct (through equa-
tion (2)), which means reduced compliance return. Accord-
ingly, we regard Figure 4b as presenting the more reliable
estimates, as these measure performance effects relative to a
five-year base period in which the disproportionate effect
from 2008-2009 is substantially diluted.

ZW=

6 Discussion

In equation (3), our procedure of applying equal weights to
compliance (z_Overall Risk) and resources (z_Resource) in
calculating our composite performance measure (z_Com-
pliance Return) is sufficient to transform the typically
greater establishment compliance in LA4 (Figures 2 and
3) into “compliance return” measures — accounting for
both compliance output and resource input — that are
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either no better or substantially worse than those esti-
mated for the other authorities (Figure 4b). Conversely,
the performance estimates now flatter LA1, which typically
had a lower-than-average ratio of inspectors (FTE) to the
number of inspections, although the apparently outlying
performance in 2017-2018 is driven by an outlying number of
inspections in that year (Tables 1 and 2; Appendix C). Of
course, different comparisons could be obtained by imposing
different weights: weighting Resource at zero gives a “com-
pliance return” measure reflecting only compliance (the
Overall Risk score reported in Figures 2(a), (b) and 3), which
suggests outperformance by LA4’s support to compliance
approach; conversely, increasing the weight of Resource yields
“compliance return” measures that increasingly temper the
benefits from compliance by taking into account the resource
implications (Figure 4), which casts the compliance to support
approach of the other three LAs in a more favourable light.
Compared to LA1, LA2, and LA3, LA4 was able to significantly
improve establishment compliance using a support-to-compli-
ance approach but only on the basis of a stable FTE that was
relatively high in relation to the number of inspections
(Tables 1 and 2; Appendix C). Conversely, the compliance-
to-support approach combines lower levels of improved
compliance with lower costs.

In effect, we have introduced an apparatus for exploring the
implications of different assumptions regarding, for example, the
respective claims of the public health benefits of increased com-
pliance and the costs of delivery. However, the theoretical and
empirical — not to mention political — justification of different
weighting schemes is beyond the scope of this paper. Here, it is
sufficient to note that, once we look past the distorting influence
of the base year, these estimates confirm that the benefits of
greater compliance from the LA4 approach come at the cost of
greater resources.

7 Policy Implications and Conclusions

This study is designed to support practitioner debate and deci-
sion-making by evaluating the associations between implemen-
tation approaches, establishment compliance, and resource
implications. To this end, we analysed a large set of data on
food hygiene and safety inspections carried out by four UK local
authorities in close geographical proximity, over a 10-year
period, to estimate the relative effects of different approaches
to implementation on the “compliance return.” We introduced
the construct of “compliance return” to embrace two elements:
(i) compliance effects; and (ii) resource implications. Evaluation
of the relative efficacy of different approaches to regulation
through the lens of “compliance return” does not provide a
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comprehensive cost-benefit analysis but is both more compre-
hensive than a focus on either compliance or resources in iso-
lation and - above all — feasible within the limitations of the
available data. Data on compliance and corresponding resource
requirements are available internally, although, of course, mea-
sured in different units. On this platform, we advance a meth-
odology to combine these components into a single compound
measure of “compliance return,” which is a construct or tool
for (i) gaining insight into the trade-off between compliance
and cost and (ii) taking account of this trade-off in evaluating
regulatory regimes where there is a choice between more
resource-intensive cooperative approaches and less resource-
intensive approaches emphasizing deterrence. As such, this
low-cost approach to evaluation could be applied elsewhere
by practitioners in food safety regulation and, possibly, in other
regulated activities.

The evidence from our empirical investigation addresses
our two research questions. RQ1 asked: “How does each
authority differ in terms of compliance?” Fixed effects econo-
metric analysis of our compliance variable (Overall Risk
score) indicated that while all four local authorities were
able to improve food hygiene and safety compliance at estab-
lishments in their district, LA4 stimulated the most improve-
ment. This suggests that with respect to compliance
considered in isolation (measured by inspectors’ Overall
Risk scores), support-to-compliance is more efficacious
than compliance-to-support. Neither of these approaches is
at the extremes of the continuum from deterrence to coop-
eration but, rather, are variant hybrid forms. So, in this case,
at least, the evidence suggests that even moderate changes
in the approach to regulation can have substantial effects on
compliance outcomes. Yet, in forming judgements regarding
the respective efficacy of the four LAs and, in particular, the
respective merits of support-to-compliance and compliance-
to-support, we need to consider RQ2: “How are LA differ-
ences in resources expended related to compliance?” RQ2 is
addressed by translating our “compliance return” construct
into an empirical measure to take account of both compliance
outcomes and resource inputs. This “compliance return” mea-
sure is then used as the dependent variable in our econo-
metric model to identify the effects of each local authority
in each year of the sample. Focusing on the alternative
approaches, support-to-compliance requires more FTE resources
per inspection than does compliance-to-support. Econometric
analysis enables the terms of this trade-off to be identified across
regulatory authorities and over time. The estimates reported in
the present study show that down weighting the importance of
resource inputs favours the support-to-compliance approach
(greater emphasis on cooperation), while increasing the
weighting of resource inputs can present the compliance-to-
support approach (greater emphasis on deterrence) in an
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increasingly favourable light. Of course, once armed with
this information the choice for policy-makers between dif-
ferent regulatory approaches is politically delicate, since
cost constraints must be balanced against the health of the
population.

The evaluation methodology advanced in this article
may be useful whenever the benefits of compliance must
be considered within the constraints of cost. It is a low-cost
methodology, because it is implemented using only data
already available. The technical requirements are minimal,
such that the template provided in this study could easily be
implemented either in-house or with help from a local uni-
versity. Regarding practical implementation, we recommend
— as demonstrated in this article — attention to robustness
checks, in particular, the need to ensure that results do not
simply reflect the choice of the baseline period. Finally, the
methodology should also prove easy to adapt and improve,
depending on local requirements and data availability.

For public policy at the LA level, our findings suggest
that different approaches to implementation, occupying —
in our case — hybrid positions along the continuum from
deterrence to cooperation, can be judged differently
depending on whether policy-makers consider (i) com-
pliance alone or (ii) compliance jointly with resource implica-
tions. The method of investigation advanced in this study can
provide quantitative information to inform choices between
different approaches.

Our methodology and results can also inform key
national bodies, which in the UK include the Office for
Product Safety and Standards and the Local Authority
Regulatory Services Excellence Framework, which stipulates
that practices should be shared to inform and improve
delivery. This study could also inform the “Regulating our
Future” agenda of the UK Food Standards Agency and their
plans for reforming food industry regulation (e.g. plans
around a permit to trade, segmentation based on risk, and
private assurance schemes to alleviate pressure on local
authority resources).

We propose our “compliance return” construct as a
low-cost approach to evaluating the relative effectiveness
of different approaches to implementing food hygiene reg-
ulations. Whereas full cost-benefit analysis is likely to be
ruled out on grounds of cost and feasibility alike, the
Compliance Return approach can be implemented using
existing data, hence at minimal cost. The data required
are inspection results and personnel details, while analysis
can be completed either in-house or with a minimum of
external help. However, policymakers should be aware
that the use of existing data also involves limitations. In
the case of the present study, the record of inspections does
not include data that would, for example, (i) enable
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analysis of potential gender effects — among owners, man-

agers, or employees of inspected businesses — on compliance, or

(i) take account of the economic impact on the business of

securing compliance, the importance of which was highlighted

by Antle (1999) and Traill and Koenig (2010). Unfortunately, the
desirability of additional data to inform a richer and more com-
plex analysis of “compliance return” conflicts with the require-
ment of feasibility. Extending food hygiene inspections to incor-
porate wider business intelligence data — e.g. concerning owners,
managers and employees, the number of full- and part-time
employees, turnover, and so on — would enable the benefit of

a more rounded and complex analysis but only at the cost of

more intrusive and time-consuming inspections. For policy-

makers wanting to evaluate the “compliance return” of different
approaches to implementation, we propose the approach out-
lined in this article as a practical compromise.

Regarding the applicability of our Compliance Return
approach beyond the implementation of food hygiene reg-
ulations in a single English region, we conclude that our
approach may have external validity in regulatory fields
where (i) full cost-benefit analysis is not feasible, (ii) there
is some discretion — and thus some variation — regarding
implementation, especially at the local level, and (iii) con-
sistent records of inspection results are maintained across
implementing authorities. In this article, we do not attempt
to identify such regulatory fields. Nonetheless, we have
attempted to provide sufficient detail about the context
and implementation of our approach to enable readers
to make informed judgements as to the applicability of
our evaluation methodology to their own circumstances.

Finally, researchers adopting and/or adapting the approach
to evaluation proposed in this article should be aware of two
potential limitations.

1. A potential threat to the validity of any evaluation of different
approaches to regulatory enforcement used by different
enforcement authorities is the possibility that different stan-
dards are applied. In this case, any empirical strategy may
detect variations in leniency/severity rather than true effects.

2. An advantage of our fixed effects approach to estimating
the effects of different approaches to regulatory enfor-
cement is that it is applicable to existing data sets,
requires minimal data preparation, and hence may be
implemented at low cost. Yet, because existing data sets
are likely to be limited with respect to the availability of
control variables, a corresponding disadvantage is a
potential bias in the case that strongly and systemati-
cally time-varying influences on the dependent variable
were to be omitted from the econometric model.

In the case of the present study, we have explained our
judgement that these limitations are not a substantial
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influence on the results reported. Yet these possible
sources of bias should always be considered.
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Appendix A

Source of Figure 2a: Econometric model estimating food

hygiene and safety compliance

The estimated model reported in Table Al explains
variation in “Overall Risk” scores (the dependent variable)
by variations in the variables of interest (the explanatory
or independent variables): Inspection-Authority effects in
each year (our main variables of interest) and the Business
Category (although only one category — “Restaurants and
Caterers” — varies over time and can thus be included in
the model).

In Table Al, the Inspection-Authority effects in each
year are captured by the estimated effects of the following
authority-year dummy variables:

* DV_LA4 09_10 is a dummy (binary) variable defined as
one for all observations on inspections undertaken by
LA4 in the year 2009-2010 and as zero for all other obser-
vations. Similar dummy variables are defined for all
observations on inspections undertaken by LA4 in each
subsequent year in the dataset: ie, DV_LA4 10_11 ..
DV_LA4 17 18.

+ Similar sets of dummy variables for each of the remaining
three local authorities: LA3 (DV_LA3_09_10 ... DV_LA3 17_18);
LA2 (DV_LA2 0910 ... DV_LA2 17 18); and LA1 (DV_LA1 0910 ...
DV_LA1 17 18).

The model reported in Table Al also includes a busi-
ness category dummy variable of all food handling estab-
lishments in the “Restaurants and Caterers” category (new_6 =
1, = 0 for all inspections of establishments in other business
categories).

The model includes a “fixed effect” for each establish-
ment, which controls for all constant (or slowly moving)
but unobserved characteristics of the establishment. In our
model, although the local authority effects are time invar-
iant and thus absorbed by the fixed effects, we interact them
with year effects to create time-varying local authority effects
that are consistent with fixed effects estimation. Hence,
regarding the specification of our fixed effects model, sepa-
rate sets of local authority and year dummies cannot be
included, because the local authority dummies are fully
absorbed by the fixed effects, and the year dummies are
absorbed by the authority-year dummies, which are our vari-
ables of interest. Local authority dummies — with the omis-
sion of one as the base category — can be included
in a random effects model; however, the Hausman test
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unambiguously rejects random effects estimation in favour

of fixed effects estimation (p = 0.0000).

The results from estimating the model reported in
Table A1 tell us that the variables of interest explain 6.6%
of the variation in establishments’ Overall Risk scores over
time (R-square within). However, the model also accounts
for variation in establishments’ Overall Risk scores by
taking into account (controlling for):

* establishment-level fixed effects (sigma_u), which account
for 85% of the variation in Overall Risk ratings that is not
explained by the Authority-Year effects and the Business
Category effect; and

* purely random events at the observation level affecting
scores (sigma_e), which account for 15% of the variation
in Overall Risk ratings that is not explained by the vari-
ables of interest.

Of the variables of interest, holding all other influences
constant, “Restaurants and caterers” (new_6) on average have
worse (i.e., higher) Overall Risk ratings than all other cate-
gories by 27.71 points (almost 60% of the mean of 46.21).

Finally, we interpret the estimated Authority-Year effects
on the Overall Risk ratings. These effects are estimated by
Authority for each Authority-Year relative to its own perfor-
mance in the base year 2008-2009 (+ve indicates deteriora-
tion; —ve indicates improvement). These Authority-Year effects
are interpreted as follows.

* LA4 effects:
0 All 9 # 0 (all statistically significant at the 1% level)
o Substantial improvements of the Overall Risk score
of between -8.92 and -19.03
* LA3 effects:
07 from 9 # 0 (statistically significant at the 1% level)
o Small statistically significant improvements of
between -3.75 and -7.10
» LA2 effects:
o 7 from 9 # 0 (statistically significant at the 1 or 5%
level)
o Small statistically significant improvements of
between -1.35 and -3.39
* LA1 effects:
0 8 from 9 # 0 (statistically significant at the 1% level)
o Small statistically significant improvements of
between -1.90 and -6.13

These are the Authority-Year effects depicted graphi-
cally in Figure 2a.
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Table A1: Food Hygiene and Safety Compliance by Local Authority: Table A1: Continued

Changes in average Overall Risk score from 2009-2010 to 2017-2018
(each year’s estimate is relative to the base year of 2008-2009) (fixed Independent variables
efects estimation with cluster-robust standard errors)*

DV_LA2_10_1 0.884
(0.711)
Dependent variable: Overall_Risk DV_LA2 1112 ~1.357 ok
Number of observations: 26,285 Observations per group: (0.642)
Number of groups (establishments): Minimum =1 DV_LA2 1213 1478 *
11,294 (0.622)
Average = 2.3 DV_LA2_13_14 -2.917 Fkk
Maximum = 6 (0.693)
R-squared: DV_LA2_14_15 -3.393 *kk
Within = 0.0656 (0.641)
Between = 0.0723 DV_LA2_15_16 -2.866 wkk
Overall = 0.0664 (0.744)
DV_LA2_16_17 -3.91 ki
Independent variables (0.764)
DV_LA2_17_18 -3.486 *kk
LA4 effects: Authority-year dummies (0.720)
DV_LA4_09_10 -8.919 o LA1 effects: Authority-year dummies
(1.319) DV_LA1_09_10 -0.092
DV_LA4_10_1 =7.757 Fkk (0.507)
(1.234) DV_LA1_10_11 -1.900  ***
DV_LA4_11_12 -10.124  *** (0.524)
(1.282) DV_LA1_11_12 -3.885 k%
DV_LA4_12_13 -11.431 = (0.573)
(1.290) DV_LA1_12_13 -5.527  ***
DV_LA4_13_14 -12.387  *** (0.582)
(1.470) DV_LA1_13_14 5726 ke
DV_LA4_14_15 -19.033  *** (0.569)
(1.550) DV_LA1_14_15 -4.919 W
DV_LA4_15_16 -15.983  *** (0.637)
(1.276) DV_LA1_15_16 -5.985  kw
DV_LA4_16_17 =17.101 wkk (0.641)
(1.497) DV_LA1_16_17 —6132  wx
DV_LA4_17_18 -15.220  *** (0.645)
(1.338) DV_LA1_17_18 -3.837
LA3 effects: Authority-year dummies (0.424)
DV_LA3_09_10 0.612 new_6: Restaurants and caterers 27.711 kil
(1.203) (0.697)
DV_LA3_10_1 -1.478 Intercept 30.708 ok
(1.047) (0.610)
DV_LA3_1_12 —3.752 o sigma_u (panel level: group-specific fixed effects) 20.421
(0.832) sigma_e (observation level: purely random effects 8.744
DV_LA3_12.13 -5.195 e on each establishment in each period)
(1.003) Rho (fraction of variance due to sigma_u) 0.845
DV_LA3_13_14 -5.188 Hkk
(1.029) Fixed-effects (within-group) regression: Cluster-robust standard errors
DV_LA3.14 15 -5.986 Hkk in parentheses; Group variable is Business_ID_num, the unique identifier for
(1.030) each establishment; ***p-value < 0.01, **p-value < 0.05, *p-value < 0.1.
DV_LA3_15_16 -5.669 wkk Stata syntax: xtreg Overall_Risk DV_LA4_09_10-DV_LA4_17_18 DV_LA3_
(0.967) 09_10-DV_LA3_17_18 DV_LA2_09_10-DV_LA2_17_18 DV_LA1_09_10-DV_LA1_
DV_LA3_16_17 -6.156 HE 17_18 new_6, fe vce (cluster Business_ID_num).
(1.013)
DV_LA3_17_18 -7.096 wkk
(1.081)

LA2 effects: Authority-year dummies
DV_LA2_09_10 0.079
(0.855)
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Appendix B

Table A2: Descriptive statistics for the sample used to estimate the
model reported in Table A1

Variable Mean Standard Minimum Maximum
deviation

Overall_Risk 46.2068 19.8737
DV_LA4 0910 0.0135 0.1154
DV_LA4.10_11 0.0101 0.0999
DV_LA4 1112 0.0127 0.1120
DV_LA4 1213 0.0162  0.1263
DV_LA4 13_14 0.0094  0.0967
DV_LA4 1415 0.0070 0.0834
DV_LA4.15_16  0.0191 0.1367
DV_LA4_16_17 0.0118 0.1081
DV_LA4 1718 0.0142  0.1181
DV_LA3_09_10 0.0066  0.0809
DV_LA3.10_11 0.0090  0.0945
DV_LA3_11_12  0.0486 0.2150
DV_LA3.12.13  0.0213 0.1444
DV_LA3.13_14 0.0210  0.1434
DV_LA3_14_15 0.0206  0.1420
DV_LA3.15_16 0.0229  0.1496
DV_LA3_16_17 0.0193 0.1377
DV_LA3_17.18 0.0185  0.1346
DV_LA2_09_10 0.0085 0.0919
DV_LA2.10_11  0.0141 0.1178
DV_LA2_11.12 0.0208  0.1428
DV_LA2.12.13 0.0433  0.2036
DV_LA2.13_14 0.0254 0.1574
DV_LA2.14.15 0.0256  0.1580
DV_LA2.15.16 0.0263  0.1600
DV_LA2_16_17 0.0252  0.1568
DV_LA2.1718 0.0312  0.1737
DV_LA1.09_10 0.0369 0.1886
DV_LA1.10_11 0.0326  0.1775
DV_LA1_11_12 0.0319  0.1758
DV_LA112.13  0.0253  0.1572
DV_LA1.13_14 0.0316  0.1750
DV_LA1.14.15 0.0263  0.1599
DV_LA1.15.16 0.0312  0.1739
DV_LA1.16_17 0.0322  0.1766
DV_LA1_17_18 0.1853 0.3885
new_6 0.7274  0.4453

147

O O O O O O O O O O O O O OO OO O OO OO0 OO OO0 OO0 OO0 OO0 OO o o oo
-, s s e ) e e e e e e e e e e e e A

Overall_Risk is the dependent variable, which is continuous over the
range of 0 to 147 with a mean of 46.21 and a standard deviation of 19.87.
For each of these dummy variables, the mean is the corresponding
proportion of observations (e.g. DV_LA4_09_10 indicates that inspec-
tions taking place in LA4 in the year 2009-2010 account for 1.35% of
the total number of observations used to estimate the model reported in
Table A1).
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Appendix C

The Resource variable

Table A3: Resource by Authority and Year (= FTE/number of inspections) (rounded)

2008-2009 2009-2010 2010-2011 2011-2012 2012-2013 2013-2014 2014-2015 2015-2016 2016-2017 2017-2018

LA4 0.034 0.006 0.007 0.009 0.007 0.012 0.016 0.006 0.010 0.008
LA3  0.022 0.023 0.017 0.003 0.007 0.007 0.007 0.007 0.008 0.008
LA2 0.014 0.013 0.010 0.006 0.003 0.005 0.005 0.005 0.004 0.003

LA1  0.0M 0.008 0.009 0.008 0.009 0.006 0.007 0.006 0.005 0.001
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