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Abstract

Objectives: Behavioral intervention trialsmay be susceptible to poorly understood forms of bias stemming from research participation.This
article considers how assessment and other prerandomization research activitiesmay introduce bias that is not fully prevented by randomization.

Study Design and Setting: This is a hypothesis-generating discussion article.
Results: An additivity assumption underlying conventional thinking in trial design and analysis is problematic in behavioral interven-

tion trials. Postrandomization sources of bias are somewhat better known within the clinical epidemiological and trials literatures. Neglect
of attention to possible research participation effects means that unintended participant behavior change stemming from artifacts of the
research process has unknown potential to bias estimates of behavioral intervention effects.

Conclusion: Studies are needed to evaluate how research participation effects are introduced, and we make suggestions for how
research in this area may be taken forward, including how these issues may be addressed in the design and conduct of trials. It is proposed
that attention to possible research participation effects can improve the design of trials evaluating behavioral and other interventions and
inform the interpretation of existing evidence. � 2014 The Authors. Published by Elsevier Inc. All rights reserved.
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1. Introduction

Randomized controlled trials (RCTs) are widely accepted
as the most rigorous research designs for the evaluation of
the effects of interventions. Behavioral intervention trials
are studies in which the primary purpose is to evaluate at-
tempts to influence behavior or the consequences of any re-
sultant behavior change. They are important to public health
as lifestyle behavioral risk factors contribute strongly to
a wide range of health problems [1]. Data from our best be-
havioral intervention trials may not, however, be as robust as

we currently believe, and it has been suggested that research
participation may account for more observed change than
evaluated interventions [2]. It has long been known that par-
ticipants may react in unintended ways to being studied and
this may lead to change [3]. It is suggested that this entails
largely overlooked potential for bias in behavioral interven-
tion trials. Valid inferences about the true effects of behav-
ioral interventions are hampered by our inability to
identify and rule out alternative explanations for behavior
change. These concerns have much wider relevance as al-
most all trials and other types of human research depend
on the cooperation of their participants, which may be un-
wittingly influenced by the way studies are conducted.

2. Assessment and other aspects of research
participation may change behavior

Taking part in trials typically involves both recruitment
and baseline assessment activities before randomization,
and subsequently exposure to study conditions and assess-
ment at follow-up. Any or all of these research activities
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What is new?

� An additivity assumption underlying conventional
trial design and analysis is problematic in behav-
ioral intervention trials.

� Pre and postrandomization research participation
effects may interact with evaluated interventions.

� Randomization does not fully prevent the introduc-
tion of bias via these mechanisms.

� New conceptual and empirical work is needed to
better understand these problems.

� Research artifacts in other types of trials should
also be amenable to control.

may influence participant cognitions, emotions, and behav-
ior. Formally signing a consent form, for example, may lead
to or strengthen commitment to behavior change. Questions
answered for research assessment purposes may stimulate
new thinking about the behavior, which also may be a pre-
lude to action [4,5].

It is difficult to point to any well-established coherent
body of literature investigating these issues. There exist,
however, somewhat disparate strands of relevant research,
and thinking about research, which relate to different parts
of the research process being investigated, or have their or-
igins in specific disciplines or research contexts, or are con-
cerned with specific methodological problems in research.
For example, assessment reactivity effects in trials of brief
alcohol interventions jeopardize the safety of inferences
made because although reactivity effects may be small,
the effects of the interventions being evaluated are also
small [6]. In this field, because assessment is an integral
component of the brief interventions being evaluated, re-
search assessments produce contamination in the form of
unwitting exposure of the control group to intervention
content [7].

There is a plethora of labels and constructs that have been
developed to describe and study similar phenomena. For
example, within health psychology, assessment reactivity is
conceptualized as ‘‘mere measurement,’’ ‘‘question-behav-
ior,’’ or ‘‘self-generated validity’’ effects [4,5,8]. Synthesiz-
ing this type of literature is challenging as many findings
have been generated incidentally to the main purposes of
the research being undertaken. The idea that being assessed
itself influences behavior has, however, been established
in the literature for approximately one 100 years [3]. The
Hawthorne effect, usually taken to mean that monitoring of
a behavior for research purposes changes performance of that
behavior, is approximately 60 years old [9]. This is probably
the most recognizable term used to describe the effects of
being assessed across disciplines [10e12].

Around the same time, an alteration to basic experimental
design, the Solomon four-group design, was developed to
allow quantification of the size of baseline assessment effects
and to control for them [3]. Campbell [13] subsequently
proposed that assessments may interact with interventions
to either strengthen or weaken observed effects, thus produc-
ing biased estimates of effects. The construct of ‘‘demand
characteristics’’ [14,15] was subsequently introduced in
psychology, referring to the ways in which study participants
adjust their responses according to their perceptions of the
implicit preferences or expectations of researchers, to be
‘‘good subjects’’ [16].

Four recent systematic reviews summarize and evaluate
empirical data on assessment reactivity in brief alcohol in-
tervention trials [7], the Hawthorne effect [17], applications
of Solomon four-group designs [18], and demand character-
istic studies in nonlaboratory settings [19]. Collectively,
these reviews demonstrate that being assessed can impact
on behaviors, with small effects usually having been identi-
fied, albeit inconsistently, on both self-reported and objec-
tively ascertained outcomes. These are due to being
interviewed, completing questionnaires, or being observed.
These four reviews do not, however, provide strong evi-
dence of assessment effects as there were substantial weak-
nesses in the primary studies. Strong and consistent themes
to emerge from these studies are the need for a new gener-
ation of primary studies dedicated to estimate the size of as-
sessment and other possible research participation effects,
and the mechanisms of their production, and the circum-
stances in which they occur.

3. Overlooked prerandomization sources of bias in
behavioral intervention trials

The example provided in Box 1 suggests that in such
cases, reliable effect estimation has been precluded and thus
that randomization has not protected against some form of
bias. The reason for this is the violation of a key assumption
in conventional trial design and analysis on which the
capacity of randomization to prevent bias depends. This is
the additivity assumption [20] that the effects of the inter-
vention being evaluated are independent of any possible
prerandomization effects of research participation. In simple
terms, this implies that it does not matter whether assess-
ment changes behavior or participants react to some other
aspect of being researched before randomization because
with sufficiently large numbers, randomization guarantees
between-group equivalence and ensures that randomized
groups differ only in outcomes as a function of the interven-
tion being studied.

Attention has previously been drawn to this additivity as-
sumption in pharmacological trials in mental health [20], al-
though its implications are rarely considered more widely.
This assumption is untenable in behavioral intervention tri-
als, most obviously where the research and intervention
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