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A B S T R A C T

We aimed to contrast implicit and explicit measures of attitudes towards complementary and alternative
medicines, to determine which best predicts medicine adherence. 117 participants from Université Grenoble
Alpes completed online measures of attitudes towards complementary and alternative medicines, including
implicit measures (Affect Misattribution Procedure (AMP); Implicit Association Test (IAT)), and explicit mea-
sures (Beliefs about Medicines Questionnaire (BMQ), modified explicit AMP); and self-reported medicine ad-
herence (Medication Adherence Scale (MARS); Probabilistic Medication Adherence Scale (ProMAS)). AMP
measures of implicit and explicit attitudes predicted beliefs toward medicine and medicines adherence. Models
including implicit measures were stronger than models with explicit measures alone. Further, the AMP predicted
beliefs toward medicine as well as medicine adherence, and the AMP was a stronger predictor compared to the
IAT, although the IAT predicted adherence. These preliminary findings suggest that ‘hot’ implicit attitudes are a
useful predictor of people's medicine choices, and that the AMP outperforms the IAT.

1. Introduction

Whether people choose to use complementary and alternative
medicines (CAM) can be predicted by individuals' attitudes, as well as
beliefs about the illness they are intending to treat or prevent [1], and
attitudes may have a direct impact on adherence [2]. However, self-
reported attitudes can often be poor predictors of behaviours. One way
in which this can be explained is that there are two types of processes
underlying attitudes towards CAM: impulsive processes that occur au-
tomatically after exposure to an appetitive (or positively valued) sti-
mulus, and more high-level, reflective cognitive processes that inhibit
the automatic impulsive process (see e.g., Strack & Deutsch [3]).

This distinction has important implications for understanding how
people make decisions about complementary therapies. Sometimes, it
may be through a more deliberative choice, but often it may be through
an automatic, relatively-less-aware decision process. The automatic,
impulsive system operates in much the same way as current memory
models, where evaluative responses and objects are associated and re-
activated by spreading of activation through a network of nodes. Recent
work has demonstrated that both types of process influence adherence

to medicines [4,5], and decisions about CAM [6].
Reflective, deliberative processes are usually measured by direct

(explicit) evaluation of an object (e.g., Do you have a positive opinion
of herbal products?). In contrast, the impulsive (implicit) affective
process are measured with specific tools sensitive to the automatic re-
sponses from the participant to the stimulus (usually involving reaction
time of decisions involving the target product, such as herbal medi-
cines). Implicit measures have two advantages. First, they evaluate the
automatic responses of individuals to a product or object, which are
more likely to influence behaviours when self-regulatory resources are
depleted, for example when one is under time pressure (e.g., at a
pharmacy) or when one is sick and already has to deal with parallel,
constraining tasks. Second, they are less sensitive to social desirability,
since the response is less controllable by the participant. The most
widely used implicit measure is the Implicit Association Test (IAT) [7].
However, the IAT has been the object of several criticisms regarding its
construct validity as well as its sensitivity to response strategies by
participant to modify their automatic response [8]. Hence, rather than
attitude, IAT scores may represent attentional asymmetries or merely
knowledge about common environmental associations.
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An alternative account of the processes that underlie how these
implicit attitudes are accepted and reactivated is the misattribution
model [9]. According to this model, implicit attitudes can be measured
with the Affect Misattribution Procedure (AMP), where participants are
instructed to assess the pleasantness of a Chinese pictogram, which is
immediately preceded by a brief (75ms) presentation of a prime. The
evaluative response elicited by the prime is then falsely attributed to
the pictogram. The AMP has numerous validations [10] and psycho-
metric properties comparable to the IAT [11]. It also offers several
advantages: a much simpler structure compared to the IAT; a score for
each prime rather than a relative judgement; direct evaluative judg-
ments, in contrast to all other implicit measures that are based on re-
action times as a proxy for evaluative judgements; and a structure easily
modifiable to measure explicit attitudes in a similar way – as opposed to
comparing reaction times with Likert scales.

The Medicines IAT has already demonstrated some potential in
predicting CAM use [6], but our goal here was to further demonstrate
the usefulness of implicit measures in addition to traditional explicit
measures, but also to contrast the IAT with the AMP. The two tests here
use only herbal medicines as stimuli representing CAM. For the AMP,
this is because stimuli are presented for less than a quarter of as second,
so it is essential that the content of the image can be recognised in this
time. We considered that most other types of complementary or alter-
native therapy could not be represented by a widely recognisable image
at that speed. The IAT can use word stimuli, so it could be possible to
use words representing other types of complementary or alternative
therapies; however, the Medicines IAT has been previously validated
and shown to have predictive ability for a broader range of com-
plementary therapies, not only herbal medicine. The exploratory nature
of this work also meant that we chose to use validated measures of
adherence to conventional medication as our primary outcome, because
we anticipate that people with more positive attitudes towards com-
plementary therapies are less likely to be adherent to conventional
medicine.

Thus, our main objective was to establish whether implicit and
explicit attitudes towards conventional and alternative medicines pre-
dict beliefs about medicines, and self-reported medicine adherence. Our
secondary objective was to compare the predictive validity of two im-
plicit measurement tools, the IAT and AMP.

2. Materials & methods

2.1. Participants

We targeted a sample of 150 participants, with a minimum of 84
(based on power of 0.8, two-tailed alpha of .05 and a correlation effect
of 0.3). One hundred and seventeen participants from Université
Grenoble Alpes (72% female, mean age 20.4, SD=4.6) were recruited
via a university internal mailing list. At the time of data collection, the
Université Grenoble Alpes did not have an ethics committee; however
online informed consent was obtained from all participants included in
the study, which was designed in accordance with the 1964 Helsinki
declaration and its later amendments and comparable ethical standards.

2.2. Measures

All experimental files and data for this project, along with stimuli,
are on the OSF page for this project https://osf.io/2an6h/.

2.2.1. Implicit measures of attitudes towards medicines
The Medicines IAT [6] (https://osf.io/vpy57/) uses herbal and

conventional medicine names with positive and negative words to
produce an index of attitude towards medicines (more positive scores
indicate a more positive attitude towards conventional medicine). Sti-
muli were translated into French, with similar local medicines selected
where appropriate. The Medicines IAT is composed of five blocks. In an

initial 12-trial block, participants respond with a right (‘I’) or left (‘E’)
key to categorize briefly presented herbal or conventional medicine
names. The second block (12 trials) repeats this pattern but with po-
sitive and negative words. The third and fifth block (26 trials) combines
these tasks, so that participants are presented with both medicine and
positive/negative words. These blocks occur in counterbalanced order
across participants, for one block with the one response key pairing
conventional and positive and the other response key pairing herbal
and negative, and the other block with reverse: conventional with ne-
gative and herbal with positive. The fourth block is a practice block
similar to block two (12 trials) but with positive and negative switching
response keys. The time between the trials was 250ms; after a false
classification an error message occurred immediately, which required a
correction before the onset of the next trial. The IAT d score [12] was
calculated for each participant. A positive d score indicates a stronger
association between ‘positive’ and ‘conventional medicine’ (as well as
‘negative’ and ‘herbal medicine’), while a negative score indicates the
reverse relationship (i.e. ‘positive’ and ‘herbal medicine’ as well as
‘negative’ and ‘conventional medicine’).

We also used a newly developed Medicines AMP based on the
procedure of Payne et al. [10] as a measure of implicit attitudes toward
herbal and conventional medicine. We used 16 different medicine
product pictures (8 herbal/8 conventional), with 8 showing packaging,
and 8 showing the products/herbs (balanced evenly across herbal and
conventional) and a neutral stimulus (a grey square) as primes (similar
to [21]). All medicine product pictures were comparable regarding
composition, complexity and colour, and were displayed with the same
640× 590 resolution (images available here https://osf.io/2an6h/).
The task comprised 48 trials (each medicine prime was seen twice, that
is 32 trials; with the grey square being presented 16 times). After each
prime, one of 48 Chinese pictograms were randomly presented. For
each trial, the prime was presented onscreen for 200ms, followed by an
empty screen for 100ms (300ms SOA), followed by the Chinese pic-
togram for 100ms and a mask that stayed onscreen until the participant
entered a response. Participants were instructed to rate the Chinese
pictogram without taking the prime into consideration on a scale ran-
ging from −2 (very pleasant) to 2 (very unpleasant).

A modified version of the AMP [13] was used to assess explicit at-
titudes, to produce an explicit measure that was as structurally similar
as possible to ensure that any variation was attributable to implicit
versus explicit processes. That is, it used the same stimuli, measured on
the same scale (as opposed to using verbal propositions and a Likert
scale). In this variation of the AMP, participants were clearly instructed
to evaluate the (medicine) prime and ignore the Chinese pictogram (the
opposite of the implicit instructions).

2.2.2. Explicit measures of attitudes towards medicines
The Beliefs about Medicines Questionnaire General (BMQ) [14]

measures attitudes towards medicines, and has a previously developed
French translation [15]. The BMQ general consists of 8 items, each
comprising a 5-point Likert scale ranging from 1 ‘strongly agree’ to 5
‘strongly disagree’, including perceptions of harm (general-harm, e.g.,
‘Medicines do more harm than good’) and overuse (general-overuse
e.g., ‘Doctors use too many medicines’). Items were summed such that
higher values denote stronger beliefs. The reliability of the BMQ-Gen-
eral was good (ω=0.80).

2.2.3. Adherence
Two measures of adherence were used, MARS,1 [17], as well as the

newer ProMAS scale [18]. The ProMAS (originally in Dutch) was

1 Two new adherence scales, both named Medication Adherence Rating Scale
(MARS) were published in the early 2000s. It was our intent to use the other
[22] MARS [16] but we were not aware of the second scale when instructing a
student who was assisting with the programming.
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published with a descriptive English translation. This translation was
modified by a native English speaker, back-translated by a native Dutch
speaker, and inconsistencies were discussed and resolved. A similar
procedure was then used to translate the English version into French.
Rasch analysis was performed using the eRM package [19] in R. For
survey-type scales, Mean Square values between 0.6 and 1.4 are con-
sidered reasonable. Infit mean squares for our translated French
ProMAS ranged from 0.81 to 1.18, while outfit mean squares ranged
from 0.58 to 1.30. Lower values suggest some degree of redundancy, so
overall, the model fit well, with some evidence for redundant items.
Item fit, French language version and English translation of the items
are presented in Table A.1. Rasch scaling provides evidence of scale
reliability, but omega was also high at 0.90.

The MARS was translated from English to French, back-translated,
and a consensus version produced as outlined above. Participants re-
spond to each of ten Yes/No items. Reliability for the MARS was lower
(ω=0.62). The French version is presented in Table A.2.

2.2.4. Demographics
Participants reported their age in years, gender, knowledge of

Chinese or Japanese language (5-point Likert scale), and recognition of
any Chinese characters (Yes/No) was recorded, as well as any current
and recent medicines (details in Table A.3).

2.3. Procedure & data analysis

Following informed consent, participants completed the IAT, ex-
plicit AMP and implicit AMP in counterbalanced order, followed by the
questionnaire measures (BMQ, ProMAS, MARS, current and recent
medicines use; in counterbalanced order), then the demographic
questions. All materials were presented using Inquisit Web. Regression
analysis was used, with partial correlation (rp) presented as a measure
of effect size. In addition, Bayesian analysis were conducted to evaluate
which model including implicit and/or explicit measures allows for
more support for the alternative hypothesis. We report BF10 provides
strength of evidence, with values over 1 providing increasing support
for the alternative hypothesis; as values decrease from one, they pro-
vide increasing support for the null hypothesis. One participant was
excluded from analysis due to high deleted studentized residuals and/or
a high Cook values. Pairwise deletion was used, with around twenty
participants missing data on the implicit measures. Following Peters
[20], we use omega as a primary measure of reliability. Correlations
between all measures are presented in Table A.4.

3. Results

3.1. Do implicit attitudes toward herbal and conventional medicine predict
medicine adherence?

3.1.1. Data preparation – score calculations
To determine whether attitudes towards conventional and alter-

native medicine predict self-reported medicines adherence behaviour,
multiple regression analyses were conducted with mean implicit AMP
raw scores separately for conventional (YC-AMP) and herbal medicine
pictures (YH-AMP), mean explicit AMP raw scores for conventional
(XC-AMP) and herbal pictures (XH-AMP), and IAT d scores as pre-
dictors. A positive d score means a stronger association between con-
ventional medicines and positive (and conversely between herbal
medicines and negative).

3.1.2. Analyses on MARS
For the MARS adherence measure, the model was significant F

(5,88)= 2.8, p= .02, with positive implicit conventional AMP scores, t
(88)= 2.2, p= .03, rp= 0.22, 95% CI [0.01, 0.41], and a marginally
significant negative IAT score toward conventional medicines, t
(88)=−1.8 p= .07, rp= 0.18, 95% [-0.03, 0.37], along with negative

explicit herbal AMP scores, t(88)= -2.3, p= .02, rp=−0.23, 95%
[-0.42, −0.03]. An equivalent Bayesian analysis found evidence for
models containing only explicit herbal AMP scores BF10= 4.8, explicit
herbal AMP scores combined with implicit conventional AMP scores
BF10= 4.5, and with the further addition of the IAT, BF10= 4.1.

3.1.3. Analyses on ProMAS
Parallel analyses to predict the ProMAS adherence scale found the

overall model not significant, F(5,88)= 0.9, p= .5, with the AMP
implicit attitudes towards medicines being the strongest albeit not
significant predictor, t (88)= 1.8, p= .08, rp= 0.18, 95% CI [-0.02,
0.38]. An equivalent Bayesian analysis did not support the inclusion of
any predictor in the model, all BF10 < 1 (See Tables A.5, A.6 and A.7
for all estimates).

3.2. Predictive validity of the AMP compared to the IAT

3.2.1. Data preparation – score calculations
To compare the predictive validity of the AMP with the IAT, dif-

ference scores for the implicit AMP (YD-AMP) and explicit AMP (XD-
AMP) were calculated, to facilitate comparison with the IAT score,
which is already a difference score. For each of the implicit and explicit
AMP, the mean alternative medicine score was subtracted from the
mean conventional medicine score, meaning higher values equate to
more positive attitudes toward conventional medicine.

3.2.2. Analyses on MARS
The regression model predicting the MARS was significant, F(3,

90)= 3.0, p= .03. More positive attitudes towards conventional
medicine on the implicit AMP difference score was marginally asso-
ciated with higher adherence, t(90)= 1.9, p= .06, rp= 0.20, 95% CI
[-0.01, 0.39], with a marginal association for the IAT, t(90)=−1.8,
p= .08, rp=−0.18, [-0.37, 0.03]. No effect was found for the explicit
AMP difference score, t(90)= 1.3, p= .19, rp= 0.13, [-0.08, 0.33].
Bayesian linear regression found no attitude measures useful predictors
of MARS, all BF10 < 1.7.

3.2.3. Analyses on ProMAS
The overall model for ProMAS was not significant, F(3, 90)= 1.4,

p= .3, with the strongest marginal effect where more positive attitudes
toward conventional medicines measured by the implicit AMP pre-
dicted greater adherence measures by ProMAS, t(90)= 1.7, p= .09,
rp= 0.18, 95% CI [-0.03, 0.37]. Bayesian linear regression found no
attitude measures useful predictors of adherence as assessed by
ProMAS, BF10 < 1.

3.2.4. Analyses on BMQ
More positive scores on the beliefs about medicine questionnaire

(BMQ) were predicted by stronger positive implicit attitudes (YC-AMP)
towards conventional medicines, F (3, 90)= 3.8, p= .01. This was
underpinned by a marginal positive association with the IAT, t
(90)= 1.9, p= .07, 0.19, 95% CI [-0.02, 0.38], and the implicit AMP
difference score, t(90)= 1.9, p= .06, 0.19, [-0.01, 0.38], but no as-
sociation with the explicit AMP difference score, t(90)=−0.6, p= .6,
−0.06 [-0.26, 0.15]. This was consistent with Bayesian analysis that
showed support for the both the IAT, BF10= 5.3, and implicit AMP
alone, BF10= 5.8, and with both combined, BF10= 6.7 (See Tables A.5,
A.6 and A.7 for all estimates).

4. Conclusions

This study showed that individuals who had implicit preferences for
herbal medicines were less likely to show trust in conventional medi-
cine, and that implicit measures were more suited to predict beliefs
toward conventional medicine. Moreover, implicit attitudes seemed to
predict a greater part of variance over explicit measures when it came
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to self-reported medication adherence, with the AMP appearing to have
a greater predictive value compared to the IAT. These results have been
corroborated both by classical frequentist analyses but also by Bayesian
models that quantify the degree to which the alternative hypothesis
that implicit and explicit measures actually predict beliefs and beha-
viours is plausible. Overall, the results from the Bayesian analyses were
comparable to those obtained with the frequentist analyses.

The implicit AMP seems to be better at predicting self-reported
behaviours, while the IAT was useful for predicting more decontex-
tualized beliefs about medicines. This can be explained by the inherent
structure of the two measures. While the AMP directly measures an
evaluative response toward an object, the IAT provides response to the
accessibility of an association in memory, due to its structure (i.e. re-
action times on a double categorization task).

The AMP would therefore be more sensitive to ‘hot’ cognitions, that
are more related and predictive of medicine-related behaviours (in the
sense that they may be more often associated with the occurrence of
behaviours in the individual's life), whereas the IAT would be more
sensitive to ‘cold’ cognitions that are less associated with real beha-
viours.

In addition, it is possible that the IAT is more sensitive to environ-
mental associations. That is, the IAT might measure knowledge of a
positive association with herbal medicines, due to the commonly held
belief that herbal medicines are safer because they are natural, but that
knowing this does not mean that the individual holds this attitude. This
could explain why this measure is relatively uncorrelated to behaviour.
Bayesian analyses also provided further evidence that the addition of
explicit measures did not help predicting behaviours nor beliefs com-
pared to implicit measures, as evidence by the lack of additional sup-
port for the alternative hypothesis in Bayesian analysis for models in-
cluding explicit measures. Surprisingly, despite a strong correlation
between MARS and ProMAS (r= 0.49, 95% CI [0.34, 0.62]) and the
more favourable measurement properties of the ProMAS relative to the
MARS, we found little evidence for ProMAS being associated with any
other measure. Further research is required to understand this finding.

Because of its exploratory nature, this study has several limitations.
As an observational study, no conclusions on the causal impact of im-
plicit processes on behaviours can be made. Further, due to the tedious
nature of completing a large battery of implicit and explicit measures,
we opted to sample from a student population. Future studies will need
to put in place experimental designs to test specific assumptions about
the underlying processes of the tools based on misattribution compared
to implicit tools based on reaction times.

We also treated herbal medicine as a homogeneous category, but
herbal medicines range from those where there is clear evidence of
efficacy, and a demonstrated mechanism of action, through to those
that demonstrate no efficacy or mechanism of action. Future research
could therefore explore how whether attitudes differ within the herbal
medicine category, and further explore the relationship between herbal
medicine and other complementary and alternative therapies.

For now, these results demonstrate that CAM use may be driven by
‘hot’ impulsive cognitions, and that the AMP performs better at mea-
suring attitudes towards herbal medicines/CAM than the IAT. However,
these findings need to be confirmed in different populations, and with
more ecologically-valid measures of complementary medicine use.
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