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Abstract

Background: Simply answering questions about a specific behavior may change that behavior.
This is known as the mere measurement effect or the question-behavior effect (QBE).

Purpose:To synthesize the evidence for the QBE on health-related behaviors.

Methods: Included studies were randomized controlled trials which tested the effect of
guestionnaires or interviews about health-related behaviors and/or related cognitions compared with
a no measurement control condition or with another form of measurement. Subgroup analyses were

conducted to identify potential moderators.

Results Thirty-eight papers reporting 41 studies were included assessing a range of health
behaviors. Meta-analyses showed a small overall QBE effect (SMD= 0.09; 95% CI= 0.04; 0.13
k=33). Studies showed moderate heterogeneity, variable risk of bias and evidence for publication
bias. No dose-response relationships were found from studies comparing more with less intensive
measurement conditions. There were no significant differences in QBE by behavior, but QBE
effects for dental flossing, physical activity and screening attendance were significantly different
from zero. Findings were not altered by whether behavior or cognitions were measured; whether or
not attitudes were measured; whether studies used questionnaires or interviews; or whether

outcomes were taken objectively or by self-report.

Conclusions There is some evidence for the QBE in relation to health-related behavior. However,
risk of bias within studies and evidence of publication bias indicates that the observed small effect
size may be an over-estimate, especially given that some studies also included intervention
techniques in addition to just providing questionnaires. Pre-registered high quality trials with clear
specification of intervention content are needed to confirm if and when measurement leads to

behavior change.



Introduction

Measuring health-related behavior and/or related cognitions may change the behavior under

investigation. This has been called the mere measurement|effect (Morwitz, Johnson, & Schrnittlein,

1993|Sherman, 1940) or, more recenthg “question-behavior effect (QBE)” (Ayres et al., 201j3

French & Sutton, 201Godin, Bélanger-Gravel, Vézina-Im, Amireault, & Bilodeau, 2012). The

QBE has been reported for different types of behavior including consumer and voting behavior

Chapman, ZOCIII\/IorWitz & Fitzsimons, 200gSpangenberg, Sprott, Grohmann, & Smith, 2003).

More recently, several studies have examined the QBE on health behaviors such as physical

activity, blood donation and cervical screen|ng (Godin, Sheeran, Conner, & Germair, 2008

Sandberg & Conner, 20{)Spence, Burgess, Rodgers, & Murray, 2009). However, evidence for the

QBE is not consistent across studies. For example, whilst some studies have shown that answering

guestions about safe sex behaviors affects subsequently measured safe sex Ipehaviors (Knlaus,

Pinkleton, & Weintraub Austin, 2000), other studies have not found such gffects (Kvalem, S|undet,

Rivg, Eilertsen, & Bakketeig, 1996).

Investigation of the QBE on health-related behaviors is important for research as well as for

evidence-based practice in healthcare (French & Sutton] 2010). The positive implications of the

QBE on behavior for healthcare practice is that many forms of measurement, such as self-report
guestionnaires, are inexpensive and could be distributed widely. If their completion is found to lead
to desirable changes in behavior, then distributing questionnaires could potentially be a viable and
cost effective public health intervention. The implications for healthcare research are more
challenging. In intervention trials, baseline assessment may affect behavior in a similar way as
effective interventions affect behavior. For example, baseline questions about alcohol consumption
may increase awareness and subsequently reduce instances of binge drinking because participants
may realize that their alcohol intake is excessive through their interaction with a questionnaire.
Therefore, in trials where an intervention designed to reduce drinking behavior is tested against a

control condition, baseline assessment may mask or reduce observed intervention effects
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McCambridge & Kypri, 201[L). Moreover, in some trials, individuals allocated to an intervention

group could receive different forms of measurement in order to tailor intervention components to

participants. In this case, it may be difficult to disentangle measurement and intervention effects.

The QBE can also limit the external validity of a trial. For example, baseline measurement may
stimulate a participant to deliberate about behavior increasing their motivation to engage with the
intervention. To better understand the potential interaction between baseline measurement and
intervention effects, more sophisticated factorial trial designs are useful, such as the Solomon four-
group design. In this design participants are allocated to receive baseline measurement or not to

receive baseline measurement, and to receive the intervention or not to receive the intervention

McCambridge, Butor-Bhavsar, Witton, & Elbourne, 2D11).

The primary aim of this systematic review was to assess the effect of measurement by asking
guestions about health-related behaviors on subsequent behavior. This was supplemented by
subgroup analyses which examined whether there were differences in effects between studies
characterized by lower risk of bias and those with higher risk of bias. This review also explored a
possible dose-response relationship in the QBE and explored several possible moderators of effects:
features of participants (student vs. other samples), interventions (type of measurement: questions
about behavior and/or questions about cognitions; format of measurement: questionnaire vs.

interview) and outcomes (type of behavior; objective vs. self-reported).

Methods

The protocol for this review was published in advance of the work commencing in the PROSPERO

database (record number: CRD42011001467) (Hobbs, Rodrigues, Sniehotta, French, & Gligewell,

2011).

Inclusion criteria
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Trials randomly allocating participants to measurement or no measurement control conditions or
trials where groups were randomly allocated to different forms of measurement (i.e. differences in
length or content of measures) were included in this review. Studies were eligible for inclusion if
they repored health-related behavior as outcomes, defined as behavior judged to reduce the risk or

severity of diseases or promote health including preparatory behaviors, such as buying condoms or

food (Marteau et al., 2010) . Studies that only regghptedictors of behavior (e.g., intention or self-

efficacy) as outcomes were excluded. The measurement condition could include assessments of
cognitions, behavior, or cognitions and behavior by questionnaire (paper and pencil or online) or
interview.Studies that wexd objective forms of measurement as interventions (e.g. pedometers,
blood pressure monitors) were not eligible for inclusion. We included studies with any length of

follow-up that reported either objectively assessed or self-reported health-related behaviors.

Search Strategy

The following electronic databases were searched from the earliest available date to December
2012: MEDLINE, Cochrane Central Register of Controlled Trials (CENTRAL), EMBASE and
PsycINFO. ERIC database was searched until March 2011 (see Appendix 1). An iterative process
was used to develop a sensitive and specific search strategy with guidance from an information
specialist. The search included studies providing an English language title and abstract. Publications
in any language were eligible for inclusion. Reference lists of included studies were reviewed for
additional eligible studies and key authors in the research field were invited to provide any

additional published literature that fulfilled the inclusion criteria.

Study Selection and Data Extraction

Two reviewers (AR and NH) independently screened all titles and abstracts to identify eligible
studies. There was 100% agreement between the reviewers regarding which papers to retrieve for
full text examination. Full texts were retrieved for 63 papers and the two reviewers independently

assessed each study for eligibility based on the inclusion and exclusion criteria (kappa = 0.73). For
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five papers, the reviewers could not decide on inclusion and consensus was reached in discussion
with a third reviewer (FFS). Data from each study were extracted independently by two reviewers

(AR and NH) into a data extraction form developed for this review. One reviewer (AR) entered data

into RevMan Software (version 5.0) (Review Manager, 2011) and another reviewer (NH)

independently verified entries. In cases where statistical data were missing, the authors were

contacted and asked to make this data available to facilitate calculation of effect sizes.

Assessment of Risk of Bias and Critical Appraisal

Risk of bias was appraised using the Cochrane collaboration tool (Higgins & Green, 2011). For

each of eight criteria (adequate sequence generation, allocation concealment, blinding (participants,
personnel and assessors), incomplete outcome data addressed, free of selective outcome reporting,
free of other bias) studies were categorized as low, unclear or high risk of bias, scoring 0, 1 or 2
respectively. An overall score between 0 and 16 was computed, where higher scores indicate higher
risk of bias. For postal/online studies where no information was available about allocation
concealment, studies were classified as ‘low risk of bias’ for those criteria. When information about

blinding was not available and studies included an automated or online outcome assessment
(including self-report), studiesgere classified as ‘low risk of bias’. Risk of bias was assessed by

two reviewers independently (AR and NH) resulting in very good overall agreement of kappa =

0.92 aggregated over all eight criteria.

Analvytic strateqy

Odds ratios (ORs) or standardized mean differences (SMDs) with 95% confidence intervals (CI)

were calculated for all included studies, with the exception of two studies for which data were not
available. Results from comparable studies were pooled using a random effects model (inverse-

variance approach based on weighted odds ratios and weightes, &\tidlated by RevMan

version 5.0 software (2011). Dichotomous and continuous outcomes were merged using

Comprehensive Meta Analysis software versign 2 (Borenstein, Hedges, Higgins, & Rothstein,
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20083) to produce SMD for all included studies. SMDs were used in all reported analyses, which are

equivalent to Cohen's d. For behavioral outcomes with more than one time point assessed, data
reported at the first follow-up time point was used for meta-analyses. Where studies reported
multiple behaviors as outcomes, the data were merged and the pooled effect was used for the main
meta-analyses. Effect sizes for all outcomes were calculated. Heterogeneity across studies was

assessed using Cochran® statistic and?ltest statistic to quantify the effect of heterogeneity

Higgins & Green, 201]1) anddonfidence intervals as suggested by Higgins and Thon|pson|(2002).

The main comparison performed was measurement vs. no measurement conditions. Subgroup
analyses were conducted to examine whether there were differences in effects on the basis of risk of
bias Studies were grouped into ‘higher’ and ‘lower’ risk of bias studies using a median cut-off split
(Median = 3) of overall risk of bias score. A secondary comparison was conducted to identify a
dose-response relationship comparing the most intensive measurement conditions with the least

intensive measurement conditions (i.e. frequency/duration of assessment).

Subgroup analyses were also performed for the following pre-specified factors: features of
participants (student vs. other samples), interventions (type of measurement: questions about
behavior and/or questions about cognitfpfermat of measurement: questionnaire vs. interview)
and outcomes (type of behavior; objective vs. self-reported). The Cochran Q statistic was used to
detect sources of heterogeneity in the subgroup analyses, and when a study had more than two
conditions and a significant subgroup difference was observed, Z tests were used to determine

between which groups the difference existed.

Publication bias was examined by plotting the inverse of the standard errors of effect estimates
using ‘funnel plots’ to explore symmetry. These were assessed visually to see if the effect decreased

with increasing sample size and there was evidence of considerable asymmetry. Egger’s regression

test|(Higgins & Green, 2011) was used to formally test for the presence of publication bias.

! There-were-insuffietent-studies to allow meaningful comparisons for more specific comparisons
between constructs.
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This report follows the PRISMA guidance for reporting systematic revjews (Moher, Liberati,

Tetzlaff, & Altman, 2009).

RESULTS

Description of included studies

Thirty-eight papers reporting 41 studies met the inclusion criteria. The paper by Conner, Godin,
Norman, and Sheeran (2011) reported two studies and Levaitasichons’ (2006) paper reported
three studies. From the 41 studies, 33 were included in the main meta-analysis, five other studies
were compared in the most intensive versus least intensive measurement meta-analysis and the

remaining three studies were included narratively.

Figure 1 shows the flow diagram of the study inclusion and exclusion, providing reasons for

exclusiort. The characteristics of included studies are displayed in Table 1.
[Insert Figure 1 and Table 1 here]
Participants

The review represents a total of 71,362 participants (Range7 3D8). Seventeen of the included
studies involved student samples, with 16 studies including university students and one study with
high school students. Fifteen studies took place in healthcare settings; three studied irecruit
emergency departments, one in a treatment center for alcohol, one in a center for drug abuse, two in
hospitals, three in blood donation agencies, and one in a central agency for cervical screening.
Seven studies were conducted within community settings. One study included both community and

university samples, and one study recruited participants in a health club.

Measurement manipulations

2Two of the included studids (Knaus & Austin, 1§B@aus, et al., 2000) had to be excluded from
the meta-analyses as statistical data were missing and could not be obtained after contact with
authors.
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Of the 41 studies in total, the majority (n=33) utilized questionnaires as the format of measurement,
whilst seven used interviews and one used both questionnaires and interviews. In 14 studies, the
measurement condition involved questions about the behavior under investigation. In 12 studies,
the measurement condition involved questions about cognitions towards the health-related behavior.
In the remaining 15 studies, the measurement condition consisted of questions about both behavior
and related cognitions. For those studies assessing cognitions, ten used constructs abstracted from

the Theory of Planned Behavior.

Outcomes: health-related behaviors

Outcomes included alcohol consumption (n=10) , physical activity (n=5), sex-related behaviors
(n=5), blood donation (n= 4), cancer screening attendance (n=4), choice of low or high fat snacks
(n=2), dental flossing (n=2), attendance for a health assessment (n=2), uptake of a health plan
(n=1), health club attendance (n=1), participation in chlamydia screening (n=1), vaccination uptake
(n=1), medication adherence (n=1), and hand washing (n=1). One study assessed and reported

multiple behaviors as outcomes, including fruit and vegetable consumption, alcohol consumption

and physical activity frequenqy (Kypri & McAnally, 2005). The majority of studies reported self-

reported outcomes (n=29) whilst 12 studies reported objécthgsessed outcomes. Outcomes were

reported both as a dichotomous measures (n=19) and continuous measures (n=22).

Risk of bias

Table 1 shows risk of bias scores for each included study in this review. Overall there was
considerable risk of biagighteen studies reported adequate random sequence allocation of
participants to conditions. Twenty-one studies were considered to have utilized appropriate
procedures for allocation concealment. Thirty studies stated numbers and reasons for participant
dropout or used adequate methods to deal with incomplete outcome data. Six studies had
considerable risk of attrition bias. Reporting bias was not a risk for 29 studies, but was considered

to be a problem for 12 studies. Nineteen studies stated that participants were blinded to their
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allocation. Twenty-four studies reported effective blinding procedures for outcome assessors and 21
studies for intervention providers.was unclear whether ‘other’ risk of bias was present in four

studies due to missing baseline information about groups/participants (n=2) or information about

how the outcome measure was computed (n=2). Only one study (Moreira & Foxcror, 2008) was

pre-registered on a public database, a key requirement of the CONSORT guliidance (Schulz| Altman,

& Moher, 2010).

[Insert Figures 2 and 3 here]

Does answering questions change behavior?

Comparison of studies with measurement v no measurement con(ht:333

For n=33 studies comparing measurement and no measurement conditions, there was an overall
small but significant QBE (Figure 3: SMD= 0.09; 95% CIl= 0.04; 0.13; n= 37452). Statistical
heterogeneity was moderate with 4ofl44% and a Q of 57.39 (95% CI = 15.7%, 63.1%; df=32,

p=0.004).

Two additional studies did not provide sufficient information for meta-analysis. No significant

difference was identified between participants randomized to measurement or no measurement

conditions in these studi¢s (Knaus & Austin, JWQSaus, et al., 20Q0).

Long term effects (k=4)

In addition to the Moreira et al (2012) study which only assessed relevant outcomes at 12 months
and was entered in the main meta-analysis, three further studies reported additional outcomes at 12
months. In line with Moreira et al (2012), Carey et al. (2006), Godin et al. (2010) and Kvalem et al.
(1996) did not find QBE at 12 months. Only Godin et al. (2008) found a sustained significant QBE

at 12 months (SMD=0.08, 95% CI = 0.02, 0.14; n= 6835).

Publication bias
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Egger’s regression test shows that there was significant evidence of publication bias (p=0.01;
illustrated in Figure 2). Under the assumption of a normal distribution of effect sizes, there was

evidence that studies with smaller or no effects were less likely to be published.
Subgroup analysis by risk of bias of trials

There was no evidence that effects were moderated by risk of bias. There was a significant effect in
favor of the measurement condition for studies with a lower risk of bias (SMD=0.10, 95% CI=0.06
to 0.14; F=39%, 95% CI= 0.0%, 66.2%; k= 16; n= 32908) and a non-significant effect for studies
with a higher risk of bias (SMD=0.07, 95% CI=-0.03 to 0.3748%, 95% ClI= 8.0%, 70.3%; k=

17; n= 4660). Q-test shows that there were no significant differences between subgroups (Q=0.35,

p=.55) by risk of bias.

Comparison of most intensive versus least intensive measurement (k=5)

Meta-analysis of five trials comparing conditions with different intensity of measurement did not
find a difference between the most intensive measurement conditions (e.g. brief screening plus full
assessment; repeated assessments paimdghe least intensive measurement conditions on health-
related behaviors (SMD= 0.02, 95% CI=-0.283)n= 1262). Statistical heterogeneity was high

with an Pof 84% and a Q of 25.14 (95% Cl= 64.1%, 92.9%; df=4, p<0.001).

Possible moderators of the QBE

1. Type of participants

Subgroup analysis comparing student and non-student samples showed small significant QBEs in

both, student samples (SMD = 0.17, 95% CI = 0.01, 0.32) and non-student samples (SMD = 0.07,
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95% CI = 0.04, 0.11). The difference was not significant between subgroups (Q=1.38, p=.24)

(Table 3).

[Insert Table 2 here]

2. Interventions: content of measurement

Subgroup analysis showed no significant effect in favor of measurement condition when only
behavior was measured (SMD = 0.11, 95% CI = -0.09, 0.30); a small significant effect when only
cognitions were measured (SMD = 0.10, 95% CI = 0.05, 0.15); and no significant effect when both
behavior and cognitions were measured (SMD = 0.05, 95% CI = -0.04, 0.14) (Table 2). No

significant difference between subgroups was identified (Q=1.19, p=.55).

2.1. Interventions: measurement of attitudes

Subgroup analysis showed no differences (Q=0.00, p=.98) between measurement conditions when
attitudes were measured (SMD = 0.09, 95% CI = 0.05, 0.13) and when no attitudes were measured
(SMD =0.09, 95% CI = 0.01, 0.18) with both subgroups showing significant QBEs on health-

related outcomes (Table 2).

3. Interventions: format of measurerhen

A small significant effect in favor of the measurement condition was identified when using
guestionnaires (SMD = 0.10, 95% CI = 0.05, 0.15) but not when using interviews (SMD = 0.03,
95% CI =-0.06, 0.12); however, no significant difference between subgroups was identified
(Q=2.02, p=.15) (Table 2). An additional study thatedste effect of usingquestionnaire and an

interview separately and thus could not be meta-analyzed as it was not comparable to other studies,

Kalichman, Kelly, & Stevenson, 1997) found no difference between these two modes of

assessment on sexual behavior (OR =-0.10, 95% CI = -0.79, 0.59).

4. Outcomes: type of health-related behavior
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For dental flossing behavior, a significant medium size effect was found in favor of the
measurement condition (SMD = 0.50, 95% CI = 0.18, 0.81). Small but significant effects were also
found for physical activity (SMD = 0.20, 95% CI = 0.08, 0.32) and screening attendance (SMD =
0.06, 95% CI = 0.003, 0.12). No effects were found for blood donation (SMD = 0.05, 95% CI = -
0.00, 0.10), alcohol consumption (SMD = 0.04, 95% CI = -0.08, 0.16), dietary (SMD = 0.08, 95%
Cl =-0.68, 0.84) or sexual behaviors (SMD = 0.05, 95% CI = -0.20, 0.31). However, no significant

differences between subgroups were identified (Table 2) (Q=13.96, p=.052);

5. Outcomes: type of measurement

Small significant effects were found for both objective outcome measures (SMD = 0.08, 95% CIl =
0.04, 0.13) and self-report measures of behavior (SMD = 0.10, 95% CI = 0.01, 0.19) (Table 2).

There were no differences between subgroups (Q=0.14, p=.71).

DISCUSSION

This is the first systematic review with meta-analysis synthesizing evidence for the effects of
completing measures by questionnaire and interview on health-related behaviors. Previous reviews

with more optimistic conclusions were not systematic and did not focus on health-related behaviour

Dholakia, 201(JSprott, Spangenberg, Knuff, & Devezer, 2D06). A recent review on the Hawthorne

effect (McCambridge, Witton, & Elbourne, 2014) showed that there is some evidence for

participants being aware that they are being studied for the behaviors being investigated, but it did
not focus on measurement specifically.

We found evidence a@ttypically small but significant QBE on health-related behaviors with
moderate levels of heterogeneity of effects. Studies comparing more with less intensive
measurement conditions did not suggest dose-response relationships. Subgroup analyses were

conducted to identify potential moderators of effects. There were no significant differences in QBE
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by behavior, but QBE effects for dental flossing, physical activity and screening attendance were
significantly different from zero. These findings were not altered in studies where students or other
samples were studied; cognitions, behavior or both were measured; attitudes were measured or not
measurepquestionnaires or interviews were used; or outcomes were taken objectively or as self-
reports. After the completion of this review, a new trial was published comparing five different
measurement conditions (intention only, interrogative intention, intention plus moral norm,

intention plus regret and intention plus self-positive image) and one implementation intention

intervention with a no intervention control conditipn (Godin, Germain, Conner, Delage, & Sheeran,

2013h). The comparison between the five measurement conditions and the control condition yielded

an aggregated small effect size of 0.16 (95% CI = 0.09, 0.23). This effect is slightly higher that the
main effect size found in the present meta-analysis.

Three key findings of this review need to be highlighted, which may suggest some caution

regarding the evidence for the QBE. Firstly, methodological quality of the included studies was
variable and several studies showed considerable risk of bias, in particular due to selective reporting
(outcomes which suggest a significant QBE might be more likely to be reported), lack of blinding

of participants (knowledge of allocation may affect question elaboration or desirability bias in self-
reported outcomes) and incomplete outcome data not appropriately addressed. Only seven of the 33
studies entered in the main meta-analysis explicitly stated conducting intentreat analysis,

thus introducing the risk that loss to follow-up in different trial arms might differ in terms of

numbers or participant features. Higher effects were found in studiea grigater risk of bias but

this difference was not statistically significant. It cannot be ruled out that the already small effects
found in this review are inflated through systematic methodological bias in the included trials.
Secondly, there was evidence of publication bias. Randomly allocating participants to varying

forms of measurement is an inexpensive addition to a range of study designs and implemented for a
range of reasons. It is possible that studies with random measurement allocation are less likely to be

reported in the published literature, if the different measurement conditions do not result in
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differences in behavijr (Dwan et al., 2008). In this case, the small effects found in this review might

be an artifact of publication bias. With the exception of one study (Moreira & Foxcroft, 2008),

which was pre-registered and for which a full protocol has been published (and reported
subsequently a null finding), none of the trials included in this review were pre-registered. Thus,
there are no safeguards to ensure that comparisons, outcomes and analyses were specified a-priori
and that the studies achieved the target sample-size that based on an a priori power analysis.
Thirdly, intervention procedures are often insufficiently described and therefore it is difficult to
conclude that the measurement conditions in this review were not confounded with other

procedures potentially affecting outcomes. For example, it is good practice in survey research to

send reminders to those who do not respond to an initial questiopnaire (McColl, Jacoby, Tthas,

Soutter, & Bamford, 2002). In question-behavior effect studies, larger response rates are thought to

lead to higher reactivity effects as more participants engage with the questions (Spence, et fal.,

2009). Three large randomized controlled trials of measurement on blood donation were included in

this review|(Godin et al., 20T|030din, etal., 20(113/an Dongen, Abraham, Ruiter, & Veldhuizen,

2012). The Van Dongen et al (2012) and Godin et al (2010) trials showed that completing

guestionnaires did not change blood donations in two Dutch and one Canadian sample, which is in
contrast with the Godin et al (2008) trial that showed a significant effect on blood donations. In

their 2008 study, Godin and colleagusest reminders and ‘thank you’ notes to participants in the
measurement condition, resulting in a return rate of 82%. By contrast the Van Dongen and Godin
(2010) trials did not send reminders and observed a return rate of 64-65% and 49.5% respectively.
is impossible to conclude if these procedures relate to QBEs due to the poor standard of reporting in
some studies, and the field would benefit from full reporting of procedures and response rates in
future studies on QBEs. Based on these considerations, the QBE seems to be influenced by an
accumulation of sources of bias in trials, failure to published trials with null findings and reporting

trial procedures imsufficient detail.
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Findings for alcohol consumption differed slightly from those reported in a recent review of

measurement reactivity effects in trials of brief alcohol intervent|ions (McCambridge & Kypri

2011), which found that measurement does affect Alcohol Use Disorders Identification Test

(AUDIT: (iBush, Kivlahan, McDonell, Fihn, & Bradley, 19P8)1easures but not other measures of

consumption. Our review does not find an overall effect of measurement on alcohol consumption.
Differences between both reviews are in the aggregation of outcome data between the AUDIT and

other measures of consumption and in the exclusion of one trial in this review which did not use a

randomized controlled design (Richmond, Heather, Wodak, Kehoe, & Webstef, 1995).

Implications for research and practice

The current evidence base is characterized by variable methodological quality and publication bias.
Despite 41 randomized trials in this review, it is still not clear whether the QBE exists, largely due
to it being unclear how many unpublished negative trials exist. In our view, the best way of making

progress in this area, we strongly recommend to journals the principle of publishing QBE trials only

if study protocols have been pre-registered. There are at least three good reasons for this (Dickersin

& Rennie, 2008). First, estimates of effect sizes based on the results of trials registered in advance

are more likely to be free from publication bias. As previously noted, there are good reasons to
suspect that publication bias is a particular issue for this area of research, and the results of this
review provide empirical support for this suspicion. Second, the non-publication of trials which find
null results would be apparent. Third, pre-registration of trials would allow scrutiny of how

analyses reported were different from those pre-specified, which would reduce bias introduced
through selective reporting of outcomes, and increase transparency when this occurs. It appears that
the current practice of publishing studies that have not had protocols pre-registered produces biased
estimates of the QBE. There is no reason to think that the continuation of this practice would result
in a different outcome: we are likely to end up with a large body of trials with publication bias and

selective reporting.
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From a theoretical perspective, there is not sufficient evidence to date to allow synthesizing the
effects for different theoretical measures and possible mechanisms at this stage. The majority of the

studies assessing cognitions used questionnaires abstracted from the Theory of Planned Behavior

Ajzen, 1991) Studies using ‘think aloud’ technique (Darker & French, 20Q8rench, Cooke,

McLean, Williams, & Sutton, 200 Have shown that using questionnaires based on the ‘Theory of

Planned Behavior’ can result in participants forming beliefs about topics which they have

previously devoted little thought. This may thereby increase the salience of beliefs about specific

features or aspects of performing that behaf/ior (Morwitz & Fitzsimons) 2004). In a similar way,

measurement can also form attitudes towards the behavior itself and/or make specific aspects of

performing a behavior more accessible, thereby fostering performance (Morwitz & Fitzsimons,

2004). It is possible that the mere fact of being measured influences the formation of judgments

and/or accessibility of these for respondgnts (Chandon, Morwitz, & Reinart7, 2005). Research

comparing QBEs for different theoretical measures and/or different constructs has been published in

recent years (Conner, Godin, Norman, & Sheeran, |BBadin, et al., 20(18) and it is likely that

these comparative trials will enhance our understanding of if, how and when measurement changes
behavior. The range of cognitive measures investigated to date has predominantly focused around

constructs abstracted from the Theory of Planned Behavior as well as on anticipated regret. Other

measures such as identity (van Dongen et al., 2012), self-irnage (Godin, Germain, Conner, [Delage,

& Sheeran, 2013a) and more emotion-related measures such as worry may deserve additional

attention in future research. Effects may also differ due to features of the study population and the

period of follow-up|(Godin, et al., 2013a).

Current evidence of small effects with moderate heterogeneity suggests that it might be worthwhile
to estimate small increases in control conditions when establishing the required sample size for

randomized trials. To date there is no compelling evidence for baseline measurement by

intervention interaction effects from Solomon trials|(cf. McCambridge, et al. (2011)), suggesting
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that there might not be a systematic bias in the evidence base about behavior change interventions
as a result of baseline measurement in trials.
Implications for practice are more difficult to identify at this stage. The evidence for sending
guestionnaires to increase behavioral uptake is limited. However, first robust evidence for a QBE
has to be accumulated. Second, before the QBE should be used as a behavior change strategy, it has
to be shown to not only exist, but also to produce greater changes in behavior than simply sending
reminders to perform the behavior.
In summary, this systematic review advances the field by 1) providing a comprehensive synthesis of
the evidence; 2) including evidence from various health-related behaviors; 3) providing
guantification of effects sizes with moderator analyses; and 4) identifying and critically appraising
potential sources of systematic bias. Small QBEs were found with moderate heterogeneity between
studies. Future QBE trials should focus on reducing risk of bias and providing detailed description
of procedures in each trial arm. Pre-registration of trials is paramount to allow a more precise

assessment of measurement reactivity.
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Figure 1: Trial selection flow diagram (adapted from PRISMA (Moher, et al., 2Q09))
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Figure 2: Funnel plot of trials reporting health-related behaviour outcomes
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Figure 3: Forest plot of standardized mean differences (SMD) and 95% confidence intervals for
health-related behaviors in measurement vs. no measurement conditions
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TABLE 1: Characteristics of included studies
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Study ID Format of Type of Content of Health- Follow-up Country Study Population | Sample size| Risk of
measurement| measure | measurement related Setting age and at follow up | bias score
outcome gender gs(llgw
composition 16 (high
risk)
|Ayres, et al. | Questionnaire| Dichotomous| Intention, Health plan | Immediately UK Community | Mean age: | Measuremen 0
(2013) attitudes and uptake after 53.4 (71.2 %| condition: 67
anticipated (objective) | measuremen female)
regret No
measurement
condition: 79
|Bernstein et al. | Questionnaire| Continuous Drinking Alcohol use | 12 months USA Pediatric Age Measuremen 4
(2010) behavior, (self-report) emergency | <17y=114 condition:
other health department | >18y =739 209
behaviors,
patient health No
guestions and measuremen
PTSD condition:
symptoms 198
|Berry and | Questionnaire| Continuous | Behavior and Physical 7-10 days Canada | University Students | Measuremen 7
Carson (2010) attitude activity (self- and sample: mear] condition:
report) community age 19.7 117
(73.7%
female) No
measuremen
Community | condition: 54
sample: mear
age 72.0
(75.4%
female)
Carey, Carey, Interview Continuous Behavior Alcoholuse | 1,6 and 12 USA University Mean age: | Measuremen 8
Maisto, and (self-report) months 19.2 (65% condition:
female) 197
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Henson (2006)

No
measuremen
condition:
197

|Cherpite| et al.

(2010)

Questionnaire

Continuous

Behavior

Alcohol use
(self-report)

12 months

Poland

Emergency
Department

39% <30
years (16%
female)

Screened
only: 87

Assessed: 97

|Cioffi and

Garner (1998)

Questionnaire

Dichotomous

Cognitions
only

Blood
donation
behavior

(objective)

1-week

USA

University

Not provided

Measuremen
condition:
277

No
measuremen
condition:
370

Clifford, Maisto, |

and Davis (2007)

Interview

Continuous

Behavior

Alcohol use
(self-report)

6 and 12
months

USA

Treatment
Centre for
alcohol and
other drugs
abuse

Mean age:
40.01 (37%
female)

Intensive
assessment:
59

Least
intensive
assessment:
62

|C0nner, et al

(2011)a

Questionnaire

Dichotomous

Theory

Planned
Behavior
cognitions

Health check
attendance
(objective)

4 months

England

GP practice

Mean age:
36.4 (52.3%
female)

Measuremen
condition:
199

No
measuremen
condition:
185
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|Conner, et al. Questionnaire| Dichotomous Theory Vaccination 2 months Canada Public Mean age: | Measuremen
(2011)b Planned uptake hospital 38.1(83.4% | condition:
Behavior (objective) female) 600
cognitions
No
measuremen
condition:
600
|Daeppen et al. Interview Dichotomous| Behavior % of 12 months | Switzerland| Emergency| Mean age: | Measuremen
(2007% hazardous department| 36.7 (21.8% | condition:
drinkers female) 277
(self-report)
No
measuremen
condition:
257
Interview Dichotomous| Knowledge, Pap smear | 12 months USA Tribal 63.8% <45 | Measuremen
intentions and| screening community: | years (100%| condition:
|Dignan etal behavior attendance Cherokee female) 448
If-repor Indian
(1996) (self-report) dia No
measuremen
condition:
367
|Dignan et al. Interview Dichotomous| Knowledge, | Pap smear | 12 months USA Tribal Mean age: | Measuremen
(1998) intention and |  screening community: | 42.4 (100% | condition:
behavior attendance Lumbee female) 413
(self-report) Native
American No
measuremen
condition:

3 Revman could not compute an effect size for this study as counts and events were equal in both groups. For this reason a value was removed in events for each group.
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426
|Godin, et al. | Questionnaire| Continuous Theory Blood 6 and 12 Canada Blood Mean age | Measuremen
(2008) Planned donation months Donors control: 43.8 | condition:

Behavior behavior agency (38.7% 2900
cognitions (objective) female)
No
Mean age | measuremen
measurement| condition:
44.7 (38.3% 1772
female)
|Godin, et al. | Questionnaire| Continuous | Anticipated Blood 6 and 12 Canada Blood Mean age: | Measuremen
(2010 regret and donation months Donors 30.4 (53 % condition:
intention behavior agency female) 879
(objective)
No
measuremen
condition:
888
Godin, Bélanger- Interview Continuous Theory Physical 3 months Canada | Quebec city] Mean age: | Measuremen
Gravel, Planned activity (self- community | 40.2 (47 % condition:
i Behavior report) female) 194
Amireault, Vohl, cognitions,
and Pérusse anticipated No
(2011) regret, moral measuremen
and condition:
descriptive 180
norms, self-
efficacy,
facilitating
factors and
positive

4 For this study, groups assessing implementation intentions were not included in the analyses.
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feelings
|Krauss et al. | Questionnaire| Dichotomous| Knowledge, Safe sex 7 weeks USA Community:| Mean age: | Measuremen
(2000) perceived Index (self- public 36.7 (100 % | condition: 45
partner risk, report) spaces female)
behavior No
measuremen
condition: 28
|Kvalem, et al. | Questionnaire| Dichotomous| Behavior Condomuse| 6and12 Norway | High school| 16-20 years | Measuremen
(1996) (self-report) months (50 % condition:
female) 148
No
measuremen
condition:
133
|Kypri, Langley, | Questionnaire| Continuous Behavior Alcohol use 6 and 12 New Primary Mean age | Measuremen
Saunders, and (self-report) months Zealand Health-care| control: 20.1;| condition:
) clinic Mean age 126
Cashell-Smith measurement
(2006) 20.3 (52.2 % No
female) measuremen
condition:
126
|Kypri and | Questionnaire| Dichotomous| Behavior Fruit and veg| 6 weeks New University Mean age: | Measuremen
McAnally (2005)° consumption, Zealand primary 20.2 (49 % | condition: 64
alcohol Health-care female)
consumption, clinic No
and physical measuremen
activity condition: 60
frequency

5 Outcomes were merged to produce a single health-related outcome.
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(self-report)

[Levav and || Questionnaire| Continuous | Intention to Flossing 2-weeks USA University | Not provided | Measuremen
Fitzsimons floss (self-report) condition: 51
(2006)a
No
measuremen
condition: 46
|Levav and | Questionnaire| Dichotomous| Behavior Choice of | Immediately USA University | Not provided | Measuremen
Fitzsimons low or high | after pre-test| condition: 25
fat snack
(2006)b (self-report) No
measuremen
condition: 23
[Levav and || Questionnaire| Continuous | Intention to Flossing 1-week USA University | Not provided | Measuremen
Fitzsimons floss (self-report) condition: 30
(2006)c
No
measuremen
condition: 30
McCambridge | Questionnaire| Continuous | Questionnaire| Alcohol use | 2-3 months | England University Mean age | Measuremen
& Day, 2008 (General — AUDIT control: 20.7 | condition:
Health (self-report) (66 % 156
guestionnaire- female);
GHQ, history Mean age No
of trauma measurement| Measuremen
scale- HTS, 20.6 (67 % | condition:
and alcohb female) 144
use - AUDIT)
|Moreira, | Questionnaire| Continuous Behavior, Alcohol use 6 and 12 UK University | 58.5% 1719 | Measuremen
Oskrochi. and behavior- (self-report) months years (61 % | condition:
related female) 369

Foxcroft (2012)

problems,
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perceived No
norms, measuremen
positive condition:
expectancies) 332
|0’ Sullivan, Questionnaire| Dichotomous| Perceptions o] Colorectal 6-weeks UK Community | Age between| Measuremen
Orbell. Rakow, susceptibility cancer 50 and 69 condition:
and severity |  screening years 1944
and Parker of colorectal uptake
(2004) cancer and No
attitudes and| (objective) measuremen
personal condition:
beliefs 10,413
[Rimer et al. Interview Dichotomous| Behavior and| Medication 4 weeks USA Hospitals | Age: 53.9% 230
(1987) disease- regimens more than participants
related adherence 60y
information, | (self-report)
knowledge (44.3 %
and concerns female)
about pain
regimens,
perceived
personal
control and
anxiety
|Sandberg and | Questionnaire| Continuous Theory Physical 2-weeks UK University Mean age: TPB only:
Conner (2011) Planned activity 19.7 192
Behavior (objective)
cognitions (62.0 % TPB +
female) regret: 384
|Sandberg and | Questionnaire| Dichotomous Theory Cervical 4 months England Central Mean age: | Measuremen
Conner (2009) Planned screening Agency 39.1 (100 % | condition:
Behavior attendance responsible female) 1426
cognitions, for cervical
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anticipated (objective) screening No
regret measuremen
condition:
1277
|Spangenberg | Questionnaire| Continuous Behavior Health club | 10 days and USA Health club | Not provided | Measuremen
(1997) attendance 6 months condition: 73
(objective) attendance
No
measuremen
condition: 69
|Spence, et al. | Questionnaire| Continuous Behavior, Walking 1 week Canada University 95% <30 Measuremen
(2009) illness behavior years (100 %| condition: 15
perceptions, | (self-report) female)
self-efficacy, No
intention measuremen
condition: 16
|Sprott, Smith, | Questionnaire| Dichotomous| Behavior Health and | Immediately USA University | Not provided | Measuremen
Spangenberg, fitness after pre-test| condition: 61
assessment
and Freson attendance No
(2004)b (self-report) measuremen
condition: 60
|Sprott, | Questionnaire| Dichotomous| Behavior Choice of | Immediately USA University Age not Measuremen
Spangenberg, low-fat or after pre-test| provided condition: 36
i higher fat (100 %
and Fisher snack (self- female) No
(2003)a report) measuremen
condition: 44
|Todd and Mullan | Questionnaire| Continuous Behavior, Alcohol use 2 weeks Australia University | Mean age: 19 Measuremen
(2011) prototypes | (self-report) (100 % condition: 44
and Theory female)
Planned No

measuremen




34

Behavior condition: 42
cognitions,
|van Dongen, et | Questionnaire| Dichotomous| Intention, Blood 6 months | The Blood Mean age: | Measuremen
attitudes donation Netherlands  Donors 33.4 (67 % condition:
al. (2012) : )
(affect!v_e and behawpr agency: new female) 3518
cognltlye), (objective) donors
subjective, No
descriptive measuremen
and moral condition:
norms, self- 3490
efficacy and
role identity
van Sluijs, van | Questionnaire| Dichotomous| Behavior and Physical 6 months The GP Mean age: | Measuremen
Poppel, Twisk, and barriers to activity Netherlandg practices 55.7 (54% condition:
accelerometers PA, female) 155
and van (without knowledge, | (Self-report)
Mechelen (2006) display) health procesg No
of change, measuremen
social support condition:
and self- 172
efficacy
van Valkengoed, | Questionnaire| Dichotomous| Behavior Chlamydia | Not provided| Netherlands Primary 1540 years | Measuremen
Morré, Meijer, screening care (63.2% condition:
attendance practice female) 143
van den Brule, (objective)
and Boeke (2002) No
measuremen
condition:
149
|Walters, Vader, | Questionnaie | Continuous Behavior, Peak blood | 12 months USA University Mean age: Intensive
Harris, and readiness to alcohol 19.8 (66 % | assessment:
) change, concentration female) 63
Jouriles (2009) normative (self-report)
beliefs  Least
intensive
assessment:
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66
|Yard|ey, Miller, | Questionnaire| Continuous Theory Hand 4 weeks England GP Mean age: | Measuremen 4
Planned washing practices | 49.8 (64 % | condition: 77
Schiotz, and Behavior (self-report) female)
Little (2011) cognMong, No
pefFPGf'VGQ risk measuremen
ofinfection condition: 80
Studies excluded from meta-analysis
|Kalichman, et al. | Interview and | Continuous Behavior Sexual risk 2 weeks USA Community:| Mean age: 158 10
guestionnaire behaviors African 34.0 (100 % | participants
(1997)
(self-report) American female)
|Knaus and | Questionnaire -- Perceptions,| Sexual risky 8 weeks USA University Mean age: 237 7
Austin (1999) self-efficacy, behavior 19.41 (54 % | participants
behavior Index (self- female)
report)
Questionnaire -- Behavior Safe sex 7-8 weeks USA University | Mean age: 19 Measuremen 9
behaviors (53.9% condition: 47
|Knaus,etaL | Index (self- female)
report) No
(2000) measuremen

condition: 61
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TABLE 2: Standardized mean differencé€®hen’s d) for question-behavior effect by moderator
variable$§

Moderator variable No
M 12(95%
easurement  \jeasurement | k 5% 1 o | smp| 9s%mai
group N Cl)
group N

Type of participants

Students 926 1035 14 63% 0.17
(33.4%, 0.01-0.32
79.1%) 138

Non-students samples 4599 3444 19 20% 0.07
(0.0%, 0.04-0.11
54.0%)

Content of measurement

Behavior only 752 739 9 53% 0.11
(0.0%, -0.09-0.30
77.9%)

Cognitions only 3860 2736 13 32% 119 0.05
(0.0%, ’ 0.05-0.15
66.6%)

Cognitions plus behavior 923 1004 11 50% 0.05
(5.9%, -0.04-0.14
73.7%)

Measurement of attitudes

Yes 11193 18392 12 31% 0.09
(0.0%, 0.05-0.13
65.5%) 0.00

No 3922 3945 21 50% 0.09
(17.8%, 0.01-0.18
70.0%)

Format of measurement

Questionnaires 4558 3647 27 51% 0.10
(24.0%, 0.05-0.15
68.7%) 2.02

Interviews 877 832 6 0% 0.03
(0.0%, -0.06-0.12
62.4%)

Type of health-related 13.96

6 For each subgroup analysis, total k = 33 with the exception of type of health-related behavior subgroup analysis. In
this analysis, k = 29 because while the Kypri 2005 study reports on 3 different behaviors, there are 6 other studies
which report on distinct behaviors that could not be combined.
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behavior

Flossing

Blood donation

PA

Screening

Drinking

Diet

Sexual Behavior

81

7574

573

4374

1262

124

193

76

6520

598

12632

1281

130

161

0%
(NA)

33%
(0.0%,
76.1%)

0%
(0.0%,
65.9%6)

24%
(0.0%,
69.5%)

35%
(0.0%,
72.5%)

76%
(21.2%,
92.7%)

7%
(NA)

0.50

0.05

0.20

0.06

0.04

0.08

0.05

0.18-0.81

0.00-0.10

0.08-0.32

0.003-0.12

-0.08-0.16

-0.680.84

-0.20-0.31

Type of outcome

Objective

Self-report

3852

1683

2729

1750

11

45%
(0.0%,
72.6%)

22

46%
(11.8%,
67.6%)

0.39

0.08

0.10

0.04-0.13

0.01-0.19

Cochranés Q = heterogeneity for the subgroup differences analysis
Standardised Mean Difference (SMDYshen’s d = pooled effect size

**p< .01; NA= Not available
Appendix 1: Database searches
MEDLINE from inception to December 2012

. randomized.ab.
. placebo.ab.

. drug therapy.fs.
. randomly.ab.

. trial.ab.

. groups.ab.

O 00N WNE

11.9not 10
12. interview/

13. Interview, Psychological/

14. questionnaires/

. randomized controlled trial.pt.
. controlled clinical trial.pt.

.lor2or3ord4or5o0r6or7o0r8
10. exp animals/ not humans.sh.




15. health care surveys/

16. exp "Weights and Measures"/

17. (complet* adj3 (measure* or scale* or interview* or survey* or questionnaire* or test*)).tw.
18. "Outcome Assessment (Health Care)"/

19. (panel* adj3 survey*).tw.

20. exp Mass Screening/

21. ("follow up" adjl (outcome* or measure* or score* or interview* or assessment*)).tw.
22. (behavio?r* adj4 measure*).ti.

23.120r130or140r150r16 or17 or 18 or 19 or 20 or 21 or 22

24. (behavio?r adj2 measure*).ti.

25. Behavioral Research/

26. Health Behavior/

27. exp patient compliance/

28. exp self-examination/

29. treatment refusal/

30. feeding behavior/

31. fasting/

32. food habits/

33. food preferences/

34. illness behavior/

35. exp reproductive behavior/

36. risk reduction behavior/

37. risk-taking/

38. exp sexual behavior/

39. exp "tobacco use cessation"/

40. motor activity/

41. Alcohol Drinking/

42. ("physical exercise*" or "physical activit*").tw.

43, Alcoholism/

44, (drink* adj1 (alcohol* or pattern* or problem* or addict*)).tw.
45.240r250r260r270r28o0r290r300r31or32o0r33o0r34o0or350r360or370r38or390r40or4lor42or43ords
46. (panel* adj2 conditioning).tw.

47. (pretest* adj2 (response* or effect* or bias* or reactivity)).tw.

48. (test* adj2 (response* or effect* or bias* or reactivity)).tw.

49. (measurement* adj2 (response* or effect* or bias* or reactivity)).tw.
50. (assessment* adj2 (response* or effect* or bias* or reactivity)).tw.
51. (question* adj2 (response* or effect* or bias* or reactivity)).tw.
52. (interview* adj2 (response* or effect* or bias* or reactivity)).tw.
53. (reactiv* adj2 (response* or effect* or bias* or measure*)).tw.

54. "generated validity".tw.

55. mere measurS.tw.

56. "self prophecy".tw.

57. (solomon adj3 (group$ or design$ or trial$ or study or studies)).tw.
58. (solomon adj2 islandS).tw.

59. 57 not 58

60. 46 or 47 or 48 or 49 or 50 or 51 or 52 or 53 or 54 or 55 or 56 or 59
61. 11 and 23 and 45 and 60



