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Abstract

Objectives If participants can anticipate the intervention, they may alter their responses
prior to exposure to treatment. One often-ignored consequence of these “anticipatory
effects” (AE) is an impact on the pre-treatment measurement. We explore this potential
contamination and present practical options for mitigating AE.
Methods A multidisciplinary review of AE.
Results Pre-treatment measures, especially pre-treatment dependent variables, can be
contaminated by AE. Experimenters need to understand the following: (1) When did the
treatment ‘commence’? (2) How is the pretest measured? (3) Are AE specific or global?
(4) What conclusions can we draw where pretest measures are contaminated by AE?
Conclusions AE are often ignored for both research and policy, which may lead to
erroneous conclusions regarding effectiveness, benefits being underestimated, or both.
AE can be resolved by collecting ‘clean’ baseline measures prior to the commencement
of the AE, but the first step is to be aware of the potential bias due to this treatment ×
pre-measurement interaction.

Keywords Anticipatory effects . Pretest measures . Bias . Experiments

Introduction

In causal research, scholars often collect pretest scores as a measure of the participants’
responses prior to the administration of the intervention. This ‘pretesting’ is used to
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establish a baseline before the stimulus is introduced (Entwisle 1961; Richland et al.
2009). The pretest can also be used to check on the equivalence of the groups (however, cf.
Gruijters 2016; Harvey 2018; Moher et al. 2012); to stratify participants on the basis of the
pretest scores; to provide covariates in quasi-experimental designs (Kim and Willson
2010: p. 744); and to examine the nature of attrition in the follow-up period (Haverman
1987). Thus, ‘pretreatment information, preferably on the same dependent variable used at
posttest, helps enormously in answering such questions’ (Shadish et al. 2002: p. 260).

Importantly, true population means of the ‘pre-treatment conditions’ are, in princi-
ple, meant to be unconditioned by the treatment effect. The underlying premise is that
the pretest measures characterise the test and control subjects under no-treatment
conditions, with the assumption that the scores define how the participants behave
under ‘natural’ settings before the experiment (Farrington et al. 2003: p. 16–17;
Gribbons and Herman 1997; Sprangers and Hoogstraten 1989). The treatment effect
is subsequently presumed to be independent of these pre-treatment measures, and vice
versa. True baseline mean scores are not meant to reflect responses to the treatment, and
the within-subjects measures are indicative of a baseline measure that predates any
exposure to the tested manipulation (Shadish et al. 2002: p. 260).

However, when measures do not follow the temporal sequence of pretest-interven-
tion-posttest, then the causal inference is said to be confounded, and changes between
the two data points (i.e. before and after) do not depict the true population variations
caused by the intervention relative to control conditions (Campbell et al. 1963; Rossi
et al. 1980). Our main purpose here is to illustrate how experimental designs that utilise
pretest measures may miss a critical interaction effect between the baseline measure and
the treatment effect. Anticipating the treatment, the survey questions, the rationale of the
test or the contextual factors that surround the experiment can all influence the effect of
the stimulus. When participants experience enhanced awareness in response to a future
stimulus, they exhibit variations in skills, ability or behavioural manifestation, as if the
stimulus is already present prior to the pretest measure. These ‘anticipatory effects’
introduce systematic noise because the pretest population mean scores are under- or
overestimated. Moreover, any measure of the before-after causal estimate is inherently
biased and can produce inaccurate effect sizes or an inappropriate conclusion about the
null hypothesis, and ultimately miss out on beneficial interventions which may, in fact,
be useful.

Researchers in different disciplines have unearthed a wide range of manifestations of
anticipatory effects. We have evidence from crime control studies (Smith et al. 2002; Gibbs
2010), social psychology (Edwards 1957) and visual memory research (Hanslmayr et al.
2009). In crime prevention studies, for example, the effect appears to be quite pronounced,
when ‘publicity about new measures and preparations for their introduction, results in
decreases of crime immediately before they are actually implemented’ (Perry et al. 2017: p.
732), or ‘in response to information about changes in enforcement presence and activities’
(Gibbs 2010: p. 3). Furthermore, most textbooks on research methods cover anticipatory
effects at least to some degree as ‘response distortion’, namely social desirability or halo
effects (Edwards 1957), whereby participants react to manipulations as a function of what
they perceive to be the ‘expected’ response rather than their usual perceptions, behaviour or
propensity. There is also a robust body of literature that shows how test scores are
influenced by exposure to earlier versions of the test (Crowne and Marlowe 1960). Thus,
anticipatory effects, even if identified by different terms, are ubiquitous and well known.
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However, a review of the influential randomised trials meta-analysed in our field
(see, for example, Weisburd et al. 2016) demonstrates clearly that experimenters rarely
consider the degree to which pretest sample measures reflect no-treatment population
means at baseline. Experiments on the effect of various interventions, including
policing, corrections, school-based initiatives and crime reporting, for example, fre-
quently make an assumption about the unbiased nature of the baseline measurement
which, in both theory and principle, may be unwarranted in field experiments. For
example, premature exposure to the pretest may sensitise participants in unforeseen
ways, and their performance on the posttest measure may be due to confounding
variations in the pretest rather than to the treatment.

In this research note, we highlight these anticipatory effects in experiments, as we
believe scholars do not appreciate just how problematic they can be.We review the relevant
literature that addresses these concerns and offer a crude yet useful solution to the matter.

Key questions for researchers

Issues with anticipatory effects and the lack of problematising of pretesting biases in
experimental studies highlight at least four key concerns, which we formulate as four
empirical questions that experimenters should consider.

When can we say that the treatment effect ‘commenced’?

Under the customary experimental model, all randomised units in the groups are
observed before and after that moment of random allocation. Whether scholars are
using the intention-to-treatment model—where participants are analysed based precise-
ly on the random allocation sequence, regardless of their compliance with entry criteria
and protocol-treatment actually received or experimental morality (Hollis and
Campbell 1999; see earlier versions in Peto et al. 1977), or any other alternative design
(Sheiner and Rubin 1995), the assumption is that the treatment commences from the
instant of random allocation into treatment and control conditions.

However, there is no fundamental theoretical justification for this approach when we
consider what is known about anticipatory effects. Indeed, having a single cut-off time
from which the stimulus begins is elegant, convenient and robust, at least from a
statistical perspective. Nonetheless, assuming participants do not react and experience
variations in their opinions, emotions or behaviours, before the stimulus appears, is
usually unwarranted, at least in field trials. Rarely do we see experiments in criminology
in which the programme of change is ‘parachuted’, where the key players—the treat-
ment providers, police officers, judges, offenders or members of the public—are
suddenly participants in a controlled study. The treatment commences earlier than the
physical administration of the ‘intervention’ (i.e. at the moment of the random allocation
sequence) and is much more likely to have an effect at the moment of first awareness of
the anticipated arrival of the intervention.

The ‘start’ date can be when participants are invited/told to participate in an
intervention. It can also be when they are made aware that the specific treatment is
possible for them, or when they become cognisant that individuals who share similar
attributes to them have received, or are potentially receiving, the treatment of interest.
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Although we acknowledge that the physical administration of the intervention carries
the most weight, we must also appreciate the magnitude of the anticipation effect,
which should not be overlooked. We argue that the 'treatment' commences with the
anticipation of the treatment, rather than the sensual exposure to the stimulus.

What forms the pretesting measure?

Directly linked to the temporal segmentation we identified regarding the definition of
‘treatment’, we can also ask what the pretest measure represents. Again, most statistical
models for the pretest-posttest experimental designs assume a single instant in time (i.e. the
moment of measurement) unaffected by the stimulus. However, if the proposition that
participants indeed anticipate the intervention and alter their perceptions and behaviours
ahead of time is true, then pretesting can be confounded with the treatment effect as well.
The ‘baseline’measure can thus be complex and contaminated when participants expect to
be involved in an intervention/experiment and only then are measured at pretest.

Consequently, experimenters need to consider whether the baseline measures were
collected sufficiently early or whether they mask an interaction effect with the treatment
variable. At the same time, the baseline measures need to be congruent with the
experimental programme, so the measure cannot be outdated in relation to the stimulus.
For example, if historical changes occurred in law, training, costumes or recording
practices, then the pretest measure may be irrelevant if it reflects archaic periods.

That said, under certain conditions, it may not be possible to measure ‘pure’ baseline
levels. For example when conducting experiments in police training (e.g. Antrobus et al.
2019), or collecting pretest measures in correction settings (e.g. Franke et al. 2010) or
public perceptions regarding new policy initiatives (e.g. Hohl et al. 2010), the pretest
measure is often collected immediately before the administration of the treatment condition,
if measured at all. In these circumstances, we recommend that at the very least, scholars
acknowledge this problem if quantification of the anticipatory effect is not possible.

Are anticipatory effects case-specific or are there industry-wide, global anticipatory
effects?

There are two levels to this problem: case-specific, which is related to one or a series of
related tests, or global, which refers to anticipatory effects that carry over from one
remote study to other locales.

Case-specific anticipatory effects Single-site anticipatory effects are not a new phe-
nomenon to criminological researchers (see Smith et al. 2002; see more broadly in
Campbell et al. 1963: pp. 13–25; Kent et al. 1974; Michelson et al. 1985). Equally,
there is the chance of anticipatory backfire, as described by Linning et al. (2019) in their
discussion of the wider framework of temporal effects of interventions. We argue that in
all cases, the ‘package’ or the mechanism by which the treatment is supposed to ‘work’
is a key variable to be understood in the interpretation of treatment effects.

More substantively, in the case-specific contamination of the pretest measure,
participants react to the intervention before the pretest measure is taken, in anticipation
of their own exposure to the stimulus. For example, offenders predict a future increased
police intervention in the hot spots where they operate even before the police patrol the
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area and even before the baseline measure of crime in the hot spots is collected and
adjust their behaviour accordingly (see Ariel and Partridge 2017). Awareness of the
anticipated intervention may come from the media, experience or a police ritual (see
Gibbs 2010; Goldkamp and Vilcica 2008; Johnson and Bowers 2003). For instance,
Boba and Roberto Santos (2007) stipulated that a programme of change in Florida to
reduce construction site theft experienced reduced theft during the planning stage
before the project was fully implemented because thieves adjusted their risk percep-
tions. Therefore, offenders stop or delay criminal activity as the specific target area has
become too risky (Weisburd et al. 2006).

Global anticipatory effects We contend that a neglected consequence of anticipatory
effects is their general reach. In part, we can contextualise these global anticipatory effects
within the reproducibility and replicability concern in the social sciences and our field
more specifically (Aarts et al. 2015; Barnes et al. 2019; Farrington et al. 2018, b; McNutt
2014; Pashler andWagenmakers 2012; Pridemore et al. 2018; Świątkowski andDompnier
2017). We argue that, because we live in the internet age, rapid exposure to ground-
breaking research is common (see, for example, Allen et al. 2013; Larivière et al. 2015;
Osca-Lluch and Haba 2005, see also Lehrer et al. 2007), just as it has been but with a more
limited capacity with the mass media for some time now (Stocking and Dunwoody 1982).
Therefore, there is a risk that pretest measures are affected by these publications.

Science needs to be disseminated to the public. However, the dissemination has a
potential effect on the baseline scores in at least two ways. First, any experiment that
includes a degree of deception (i.e. surprise) will likely fail replication if the participant
is already cognizant of the unexpected manipulation. Take, for example, one of the
most celebrated recent studies in psychology on the disappearing gorilla experiment
(Simons and Chabris 1999). Participants were shown a video and tasked with counting
how many times three basketball players wearing white t-shirts passed a ball. Approx-
imately 30 seconds into the video, a person in a gorilla suit walked into the scene, faced
the camera, thumped his/her chest and walked off the screen, spending a total of
9 seconds on screen. Half the viewers missed the gorilla (Simons and Chabris 1999).
The study illustrated ‘inattentional blindness’—people’s inability to detect unexpected
objects to which they are not paying attention—and highlighted major concerns about
eyewitness testimony and the potential for wrongful convictions (Brewer and Palmer
2010). However, replications of this experiment failed to produce a similar result, for an
obvious reason: the video was an Internet sensation, and once viewers expected the
gorilla to make an appearance, most viewers did not miss it.

The lesson for our purposes should also be clear: when the anticipated inter-
vention is novel and potent, then other future participants who can potentially be
exposed to the stimulus may change their behaviour even before the intervention
is introduced to them. To demonstrate this ‘global anticipatory effect’, consider its
impact on research on police body-worn cameras (BWCs). BWCs are mobile, on-
person cameras that police officers attach to their uniforms to record face-to-face
interactions with members of the public. Beyond their ability to collect incrimi-
nating evidence, the key objective of this technology is to produce a ‘civilising’
effect: people behave differently when they are being recorded, and awareness of a
‘watching eye’ is hypothesised to reduce police violence, as officers and members
of the public do not want to get caught abusing their powers and applying
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unnecessary force to suspects. Importantly, BWCs have attracted public attention
following the Rialto CA experiment (Ariel et al. 2015, 2019); thus, they are
considered as a strong potential apparatus in assisting police-public relations
(President’s Task Force on 21st Century Policing 2015).

The message to police everywhere was clear: ‘wear BWCs to stop you from misusing
your powers’ (Graham et al. 2019; Lee et al. 2019; Obama 2016: pp. 864–865). As a result,
many police departments have, over time, equippedmost of their frontline staff with BWCs.
Public and professional interest in BWCs has mirrored a steady growth in scientific inquiry
regarding their effects on police use of force and complaints made bymembers of the public
against police officers (Lum et al. 2019). Themajor issue, however, is that initially, a number
of early studies across different geographies and cultures revealed significant and often
substantial reductions in police use of force following the introduction of BWCs (Ariel et al.
2015; Ellis et al. 2015; Goodall 2007; Jennings et al. 2015; Mesa Department 2013).
However, later studies have failed to reproduce these effects, detecting nonsignificant results
in terms of the same measure of use of police force (Braga et al. 2018; Peterson et al. 2018;
White et al. 2017; Yokum et al. 2017).

We believe that the global anticipatory effect can partly explain the lack of congru-
ence between early and later studies in a major way: officers adjusted their behaviour
even before they were issued BWCs; thus, the studies have suffered from a
measurement-interaction effect (see implications in Farrington 1983, as well as
McCambridge et al. 2011). We think that officers (and possibly members of the public
too) changed their demeanour prior to the pretest measure. In later tests of BWCs, the
pretest scores were lower than they 'should' be, as participants adjusted their behaviour
before the pretest measure was taken. The magnitude of the change, over time, was
lower than expected when the pretest measure is unbiased. which manifested itself in
lower counts of complaints, use of force, arrests, etc., in the pretest measure. In other
words, although early studies in which the treatment (i.e. BWCs) was a ‘surprise’
detected significant pretest-posttest effects on the outcome measure, the pretest in later
studies was contaminated because the change in behaviour already existed prior to the
baseline measure. They have already seen the gorilla.

What can we conclude from studies whose pretest measures are affected
by the anticipated treatment effect?

What determines our judgement about the usefulness of the pretest measure is whether
it meets our purposes. Scholars wish to be sufficiently protected from making false
claims about the baseline values, free of interferences (claiming that the baseline
represents true means without systematic biases when there is an inherent artefact).
One could make the case that some deviation from the cleanness of the measure is
allowed, especially in field trials, but at what point does the noise overburden the
signal? In part, this is impossible to answer if no data are available to quantify the
anticipatory effect. Scientific judgement then comes into play regarding the plausibility
of the effect, given what the baseline population means might be. This estimation
becomes subjective. What we can say, however, is that all experiments that do not
consider plausible anticipatory effects, case-specific or global, are likely to produce
biased before-after causal estimates to some degree.
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One argument experimenters frequently make is that because members of both
treatment and control groups were exposed to the same immediate historic and
maturation effects prior to the random allocation into their respective groups, then we
can conclude that these effects do not matter (Campbell et al. 1963). If there are such
confounding effects, then the pretest measures represent events that the entire sample
has experienced, and therefore, the between-subject tests may suffer external validity
issues but not internal validity concerns. However, this assumption relies on the
proposition that historic and maturation effects do not interact with the treatment effect.
When there is an interaction effect, then the study introduces systematic predisposition
in one arm (treatment) rather than the control arm. It will, therefore, be difficult to
interpret the results of the test.

Certainly, the results of an evaluated project that has led to a reduction in crime, for
example, might be desirable from a crime prevention strategy perspective (Santos 2017:
p. 346). However, from a hypothesis testing view, pretest measures of crime that do not
represent true unaffected-population mean scores introduce systematic bias in the
causal estimates. If the study detects a significant pretest-posttest difference (or differ-
ence-in-differences), then the effect size is likely to represent an underestimated
accuracy, as the observed magnitude of the differences is less than what it is in true
population means. The policy implication might be that the treatment provider (the
police, courts, prisons, etc.) should not invest in the tested intervention because it is
more costly than other interventions. For example, the police should divest away from
BWCs into other ‘civilising’ interventions that would reduce the use of force, com-
plaints or arrests in police-public interactions. Put differently, BWCs may carry a larger
effect size than the magnitude observed in the studies that utilise a within-subjects
component in the analysis.

However, a more troubling outcome is a nonsignificant result whereby the treatment
and control arms exhibit the same posttreatment response—no differences between the
two arms in terms of the dependent variable. How should we interpret such results? On
the one hand, the product may be proof of a true null hypothesis (e.g. ‘police presence
does not reduce crime in hotspots’, or ‘BWCs do not reduce police use of force’). On
the other hand, a design-related bias is an equally plausible interpretation. This can be a
result of having an underpowered study (Weisburd et al. 1993), treatment diffusion
(Ariel et al. 2018) or treatment integrity concerns (see Hollin 1999: pp. 365–366). We
argue in this note that another potential reason for detecting nonsignificant before-after
differences is the anticipatory effect: since under both scenarios, the pretest sample
conditions and posttest sample conditions, participants adjusted their behaviour be-
cause of the stimulus and possibly before the pretest measure was collected, then the
experimenters detected nonsignificant effects. The anticipatory effects can be case-
specific or global, but the result is the same, manifested in criminals freezing or
displacing their criminal activity elsewhere (Perry et al. 2017); in officers reducing
their proactivity prior to the pretest (Ariel et al. 2017); or by students adjusting their
reported perceptions immediately prior to taking the pretest. When these conditions are
met, they provide a plausible interpretation to meta-analyses that synthesise tests in
which anticipatory effects contaminated either the pretest measures, created an inter-
action between the pretest measure and the intervention, or both, thus concluding that
the treatment (e.g. police wearing BWCs) carries nil effects when such an effect does
exist. In practice, the policy implications of such a review may be inaccurate.
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What solutions are there for anticipatory effects?

The optimal design for assessing the accurate causal estimate is one that reduces the
error rate as much as possible. Both being aware of anticipatory biases and controlling
for their effects from the start of the experiment can be vital. Although it may not
always be possible to quantify the anticipatory effects, especially when they are global
rather than case-specific, there may be methods to minimise their influence on the
study. We suggest one primary solution: collecting ‘sufficiently early’ pretest measures.

We first note that some experimental conditions will always remain beyond the
reach of the experimenter to manipulate or to measure. Once the gorilla has been seen,
it cannot be unseen, no matter what the researcher does. Instead, we propose that the
means to mitigate anticipatory effects may lie in increasing the sensitivity of the
analysis. If the anticipatory effect cannot be avoided, then the best option is to estimate
its size. Doing so inevitably requires detailed ideas about how the mechanism(s) work
and in particular an understanding of when anticipatory effects might be seen in the
build-up to implementation. Experiments using official statistics such as police data,
court outcomes or corrections records are likely to be in the best position to measure
and then correct for anticipatory biases, by collecting multiple pretreatment observa-
tions. If the pretesting is confounded, then experimenters should collect early baseline
measures that reflect the participants’ behaviour prior to the appearance of the antici-
patory effects. As we have shown, if the announcement of a proposed treatment caused
participants to increase or reduce their behaviour in the pre-implementation period, the
difference-in-difference estimator can understate the programme effect, as part of the
real impact of the intervention occurred before the programme is implemented. The
baseline data must, therefore, reflect the pre-announcement stage, because ‘using only a
small window of data around the implementation date generates biased treatment effect
estimates if there are anticipation effects’ (Alpert 2016: p. 32). Away to correct for this
is to collect data that predates these effects.

Pushing this solution further, the ‘pre-period’ should cover multiple measurement
points. We believe this is a generally recommended practice anyway for pretest-posttest
controlled studies because it increases the explanatory power of the test over time, and
it controls for potential regression to the mean, etc. However, multiple measurement
points are particularly pertinent when the risk of anticipatory effects is plausible. Like
retrospective longitudinal designs, the more data points collected for both the treatment
and control participants, which would then show a significant ‘interruption’ following
the treatment arm but not in the control arm, the more robust the results of the
experiment will be. The repeated measures can also provide an empirical indication
of the anticipatory effects.

Conclusions

We have argued that experimenters who utilise research designs with a before-after
comparator must be cognisant to the possibility that the pretest measures do not provide
a valid measure of the baseline. Pretest measures are assumed to be independent of the
intervention, and should there be an interaction effect between the measurement(s) and
the intervention, then the study results are said to be conflated: the findings do not
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provide accurate causal estimates of true population means. This is the case not just for
posttreatment measures—and much of the technical literature focuses on these
concerns—but also for measures that are intended to estimate treatment-free, baseline
conditions. We have provided examples where anticipatory effects may affect the
settings of a specific study and cases where participants are affected by previous
publicised trials and interventions. Scholars ought to be mindful of these effects when
they plan and subsequently analyse results; one way to mitigate these biases is to collect
baseline data prior to the emergence of these anticipatory effects. Although this is not
always possible, we should at least be aware of the possibility that study outcomes are
affected by these pretest artefacts as a method for explaining experimental results.
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