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A B S T R A C T

Objective: Women at high risk of breast cancer face a difficult decision whether to take medications like

tamoxifen to prevent a first breast cancer diagnosis. Decision aids (DAs) offer a promising method of

helping them make this decision. But concern lingers that DAs might introduce cognitive biases.

Methods: We recruited 663 women at high risk of breast cancer and presented them with a DA designed

to experimentally test potential methods of identifying and reducing cognitive biases that could

influence this decision, by varying specific aspects of the DA across participants in a factorial design.

Results: Participants were susceptible to a cognitive bias – an order effect – such that those who learned

first about the risks of tamoxifen thought more favorably of the drug than women who learned first

about the benefits. This order effect was eliminated among women who received additional information

about competing health risks.

Conclusion: We discovered that the order of risk/benefit information influenced women’s perceptions of

tamoxifen. This bias was eliminated by providing contextual information about competing health risks.

Practice implications: We have demonstrated the feasibility of using factorial experimental designs to

test whether DAs introduce cognitive biases, and whether specific elements of DAs can reduce such

biases.

Published by Elsevier Ireland Ltd.
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Numerous randomized trials have found that decision aids
(DAs) increase patients’ knowledge about preference-sensitive
decisions, helping them better understand the risks and benefits of
their health care alternatives [1,2]. In theory, this knowledge
should help patients identify which alternatives best fit their own
preferences. However, research on judgment and decision making
has demonstrated that knowledge alone is not sufficient for
optimal decision making [3]. Instead, people’s judgments are often
influenced by cognitive biases [4,5]. Because of these biases, people
can understand specific decisions and still make bad choices.

Consider a DA that we designed, called The Guide to Decide—
developed to help women decide whether to take tamoxifen to
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reduce the risk of breast cancer. Studies have shown that women
who face an elevated 5-year risk of developing a first breast cancer
can cut their odds of breast cancer in half by taking tamoxifen [6].
But tamoxifen has many effects beyond its influence on breast
cancer. It has an added benefit of reducing the chance of bone
fractures, but also carries the risk of several side effects, including
endometrial cancer and blood clots [6]. To make an informed
choice about tamoxifen, therefore, women need to learn both
about the risks and benefits of the drug.

But what should they learn about first—the benefits of
tamoxifen or the risks? Rationally speaking, it should not matter
what information comes first, because people’s judgments should
ultimately be informed by information about both risks and
benefits. Thus, as long as a DA informs people about both types of
information, the judgments people make should not be influenced
by the order with which they receive the information. However,
there is reason to worry about such order effects. People could be
influenced by a recency bias—if they remember the most recent
information they receive better than earlier information, then their
judgments will be disproportionately influenced by this latter
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information [7]. Thus, people who learn about the benefits of
tamoxifen first will remember the risks of tamoxifen better, and
make their judgments accordingly.

In testing DAs, researchers rarely look for such biases. Instead,
they typically evaluate DAs by assessing whether the DAs increase
patients’ knowledge, reduce decisional conflict, increase decision
satisfaction and change people’s decisions [8]. All these outcomes
are important measures of DA quality. But none of these measures
are designed to identify cognitive biases [9]. For instance, the way
most studies of DAs are designed make it impossible for us to even
look for order effects, since the studies typically do not vary the
order by which the DAs give patients information.

In testing The Guide to Decide, we took two relatively unusual
steps. First, we broke our DA into parts that we varied, randomly,
across participants. For example, we varied the order with which
women received information about the benefits and risks of
tamoxifen. By randomizing the order of this information, we could
test whether the order influenced people’s judgments.

But if we discover order effects through this method, we are
potentially left in a quandary: women making this decision need
information about both the risks and benefits of tamoxifen, and we
have to give them that information in some order. If order effects
exist, what can we do in response?

Our second unusual step was to address this problem by
varying several other elements of our DA across participants,
elements we chose because we thought they could potentially
eliminate biases like order effects.

In this manuscript, we present results from a randomized trial
of The Guide to Decide, exploring whether our DA introduced order
effects, and whether a specific element of our DA – presentation of
contextual risk information – eliminated such order effects. We
present these results to illustrate how researchers can identify
whether DAs introduce cognitive biases and to demonstrate a
technique for testing whether specific interventions reduce or
eliminate these same biases.

1. Methods

1.1. Participants

We recruited women whose 5-year risk of developing breast
cancer was �1.66% (estimated by the Gail model) [10]. The
baseline risk of 1.66% was chosen based on the minimum risk
level used in the NSABP P-1 study [6]. Participants were recruited
from two regional health care organizations (in Detroit, MI and
Seattle, WA). We used electronic medical data from each
organization to determine a preliminary estimate of women’s
5-year risk of breast cancer, and whether women had contra-
indications to tamoxifen (i.e. renal or liver disease, history of
pulmonary embolism or deep vein thrombosis). We then mailed
eligible women an invitation letter providing a description of the
study and the website address for The Guide to Decide. Interested
women logged onto the site and were further screened for
eligibility. Only women aged 40–74 (the ages for which tamoxifen
prophylaxis is approved) whose 5-year risk was �1.66% were
eligible to participate. Other eligibility criteria included no prior
history of breast cancer or taking tamoxifen and no participation
in clinical intervention studies such as the STAR trial. (The results
of the STAR trial had not been released at the time of our study.)
Women who had a terminal illness or who were pregnant or
nursing were ineligible.

1.2. Design of decision aid

Eligible participants were randomized to view 1 of 16 versions
of the DA. Each version contained the same basic information, but
differed in the presentation of the key numerical risk/benefit
information, with five experimental factors we varied randomly
across participants in a fractional factorial design [11].

We chose two of the experimental factors with the specific
intent of determining whether our DA created potential cognitive
biases. We have already mentioned one of these two factors—the
order of risk/benefit information. As discussed above, the DA
differed in part by whether women received information about the
risks of tamoxifen before its benefits, or vice versa. We
hypothesized that participants who received risk information last
would be more knowledgeable about the risks of tamoxifen and
therefore more worried about them, since such information would
be fresher in their minds.

The second potential bias we studied involved the manipulation
of risk denominators, to test for denominator biases. Prior research
has shown that some people are more worried about a 40 in 1000
risk than a 4 in 100 risk, even though such risks are mathematically
identical [12]. To test for this bias, we randomized participants to
receive descriptions of risk with either a denominator of 100 or
1000. We discuss denominator effects in more detail elsewhere
[13].

We also created three other experimental factors, all of which
we predicted could potentially reduce cognitive biases. We have
written previously about how two other factors influenced
women’s knowledge—the use of pictographs to provide a visual
display of risk information, and the presentation of information on
incremental risk to help people understand the change in risk
created by tamoxifen [13,14]. Because these two factors did not
influence order effects, we will not discuss them at length here.
However, as described below, we adjust for all five experimental
factors in all our multivariate analyses.

The last debiasing factor we explored was the presence or
absence of contextual information about competing health risks. In
the Guide to Decide, all women learned their 5-year risk of breast
cancer, with their average risk being 2.5%. Such information may be
difficult to factor into decision making, given how unusual it is for
people to learn about their 5-year risk of specific diseases. The way
women incorporate this risk of breast cancer into their judgments,
therefore, may depend on whether they are given additional
information that helps them process this risk [15]. Contextual
information might reduce order effects by giving people a standard
of comparison by which to better process information about the
risks and benefits of tamoxifen. With this standard of comparison,
risk information might become more salient or more memorable,
and thereby reduce people’s susceptibility to order effects. In this
study, we provided half of our participants, selected at random, with
information on competing risks that they faced over the next 5
years—risks of experiencing colon cancer, a heart attack, or all-cause
mortality. The remaining half, selected at random, did not receive
any such contextual information.

By independently varying these factors – the order of risk and
benefit information, and the presence or absence of contextual
information about risk – we are able to test whether contextual
information reduces order effects. The order with which people
received information in our DA is illustrated in Fig. 1. As this figure
shows, we presented contextual risk information to participants
directly after giving them information on their 5-year risk of breast
cancer. Thus, participants received contextual risk information
before they had received any information about the risks and
benefits of tamoxifen.

1.3. Outcome measures

1.3.1. Knowledge

Knowledge was assessed with six questions about the risks and
benefits of tamoxifen. Four questions focused on the risks



Fig. 1. Order of information participants received across experimental groups.

Table 1
Demographic characteristics of sample.

Age

Mean: 58.86 (SD = 7.6)

Range = 40–74a

Race

White: 94.9%

Black: 2.3%

Asian: 1.7%

Education

High school diploma or GED: 8.0%

Some college: 26.3%

Bachelor’s degree or higher: 65.7%

Gail score

Mean: 2.56 (SD = 1.26)

Range: 1.7–17.3

a Age range was constrained by eligibility requirements of study.
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(increased incidence of endometrial cancer, hormonal symptoms,
blood clotting problems, and cataracts) and two focused on the
benefits (reduced chance of breast cancer and broken bones).
Participants indicated who was more likely to experience each risk
and benefit: (1) women who take tamoxifen, (2) women who do
not take tamoxifen, (3) both groups are equally likely, and (4) do
not know. Responses were scored as correct or incorrect (do not
know was coded as incorrect) and correct responses were summed.
The reliability coefficient (alpha) was .85.

1.3.2. Perceptions of the risks and benefits

After women completed the Guide to Decide, we asked them a
series of questions exploring their subjective perceptions of the
risks and benefits of tamoxifen. Wording of these items is shown in
Table 2.

1.3.3. Analyses

To examine our hypotheses, we tested multivariate linear
regression models using a two-step entry procedure. On the first
step, we entered dummy variables representing main effects for
each of the five experimental factors. This allowed us to examine
whether the order manipulation influenced our dependent variables
– knowledge or risk perceptions – independently of the other
experimental manipulations. On the second step, we entered three
interaction terms for the three potential debiasing factors: context,
pictograph, and incremental risk. This procedure allowed us to
examine whether order effects were reduced by any of these three
factors. To aid in interpretation, where we observed statistically
significant interaction terms, we present mean levels of our
dependent variables broken down by each independent variable.

2. Results

2.1. Participants

Of the 8896 women who received an invitation letter, 1218
(14%) visited the website. Of these, 749 (61%) were eligible and 663
(89% of eligible) consented to participate. Ultimately, 632
participants (84%) completed the post-test. The DA and the
post-test took an average of 49 min to complete.

Table 1 describes the sample’s demographic characteristics.
Participants were on average 58.9 years old, White, and well-
educated. Gail scores ranged from 1.7 to 17.3 (M = 2.56, SD = 1.26).

Fig. 2 displays participants’ knowledge scores (percent of
correct answers provided) as a function of whether they received
risk information first or last, and whether they received risk
context information. As shown on the left hand of the figure, there
was a significant order effect for knowledge among those
participants who did not receive risk context information; in this
group, those who received risk information last had higher
knowledge scores than those who received it first (p < .001),
likely because four of the six knowledge questions dealt with
tamoxifen’s risks and this risk information was fresher in their
minds. No such order effect was seen among participants who
received risk context information (p = .53).



Fig. 2. Order effects in knowledge as a function of whether participant received

information on risk context.
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A linear regression confirmed the pattern suggested by the
figure. In step one of this analysis, the dependent variable (percent
correct answers) was significantly associated with the order of
benefit and risk information, with higher knowledge among those
who received risk information last (b = .07 (.02), p = .003).

In step two, we added the three interaction terms and found a
significant interaction between order and risk context (b = �.10
(.05), p = .04), confirming that the order effect in knowledge was
Table 2
Order effects in risk perceptions as a function of whether participant received informa

Risk perceptions (1–5) No risk context information

Risks last Risks

Taken all together, how worried
would you be about getting any
of the above health conditions
if you did take tamoxifen?

3.6 3.1

1 = Not at all worried

5 = Extremely worried

Taken all together, how common
do you think the above health
conditions are for women
who take tamoxifen?

3.0 2.7

1 = Not at all common

5 = Extremely common

If you were to choose to take
tamoxifen, how likely do you
think you would be to
experience a side effect?

3.3 3.2

1 = Not at all likely

5 = Extremely likely

Compared to the average woman
(your age and in your health),
what do you think your chances
are of developing breast cancer
in the next 5 years?

2.3 2.4

0 = Much less than the average woman

3 = Same as the average woman

6 = Much higher than the average woman

If you were to choose to take tamoxifen,
how likely do you think you would be
to get breast cancer in the next 5 years?

1.7 2.1

0 = Not likely at all

10 = Extremely likely
significantly smaller for those participants who received informa-
tion on risk contexts. The other two interactions (order by
pictograph, and order by presentation of incremental risk
information) were not significant (p = .55, p = .68, respectively),
indicating that neither of these factors reduced the biasing effect of
order on knowledge.

Table 2 displays people’s risk perceptions as a function of
whether they received risk information first or last, and whether
they received risk context information. As shown in the left hand
portion of the table, there were several order effects in risk
perceptions among those participants who did not receive risk
context information; those participants who received risk infor-
mation last were generally more worried about the side effects of
tamoxifen and less impressed with tamoxifen’s ability to prevent
breast cancer. No such order effect was seen among participants
who received risk context information.

Linear regressions confirm the pattern suggested by the table.
As in the previous regression model, in step one of this analysis, for
each of the measures of risk perceptions, we tested whether the
dependent variable (risk perception) was significantly predicted by
the order of benefit and risk information. We observed statistically
significant effects of order for worry about side effects (b = .22
(.08), p = .01) and belief that side effects are common (b = .16 (.07),
p = .02). In step two, we added interaction terms and found
significant interactions between order and risk context informa-
tion for both of these variables (for worry, b = �.39 (.17), p = .02; for
belief that side effects are common, b = �.31 (.14), p = .02),
confirming that the order effect in risk perceptions was sig-
nificantly smaller among those people who had received
information on risk context.
tion on risk context.

Risk context information

first p Risks last Risks first p

.00 3.3 3.3 .82

.01 2.8 2.8 .96

.15 3.3 3.3 .78

.36 2.4 2.4 .79

.03 2.1 2.1 .94
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3. Discussion and conclusion

3.1. Discussion

Our study demonstrates, first and foremost, that the order in
which people learn about the risks and benefits of healthcare
interventions can influence their knowledge and perceptions of
these same risks and benefits. Second, our study illustrates a
method investigators can use to test for biases such as order
effects—by randomizing participants to receive risks and benefits
in varying orders. Third, our study illustrates a method to test for
factors that could potentially eliminate or reduce such biases, by
conducting an experiment testing potential debiasing factors.

DAs deserve an increasingly common role in healthcare
practice. Patients frequently face preference-sensitive decisions
without enough information about the pros and cons of their
healthcare alternatives, and without a formal recognition that their
preferences are an important part of the decision. Our Guide to

Decide provided information about tamoxifen to women who faced
a high risk of being diagnosed with first breast cancer in the next 5
years. (Our revised Guide to Decide now also informs women about
raloxifene, based on the results of the STAR trial.) Like many other
well-designed DAs, the Guide to Decide succeeds in communicating
the risks and benefits of Tamoxifen to women in a manner that
helps them make an informed decision.

But knowledge, while necessary for good decision making, is
not always sufficient [16]. As this study demonstrates, the same
information presented in a different order can lead to different
perceptions. This kind of order effect threatens the goals of DA
developers, to inform patients about healthcare alternatives in a
neutral manner. Given such order effects, DA developers need to
worry that their choices about how to present the information – for
example risks before benefits or vice versa – can unduly influence
people’s perceptions of their healthcare alternatives.

Some readers may wonder what we mean when we refer to
order effects as a ‘‘cognitive bias.’’ We use this term in the sense it
has been used in the judgment and decision making literature, as
best represented in the seminar work of Kahneman and Tversky
who, in the 1970s, documented a host of heuristics (cognitive short
cuts) that lead people to make flawed judgments [17,18].
According to this tradition, a judgment is biased if it departs from
accepted norms of rationality [19]. In the case of order effects,
because the risk/benefit ratio of Tamoxifen is the same regardless
of whether a person receives risk or benefit information first, so too
should be their knowledge of these risks and benefits, as well as
their perceptions of tamoxifen’s risk/benefit ratio. Any departure
from this equivalence norm is characterized, therefore, as a bias.

But is such a bias necessarily bad? Some experts may question
whether order effects are a threat to DA developers, wondering
instead whether the psychological influence of recency can be used
to improve DA design. For instance, according to this reasoning, DA
developers could place risk information near the end of their
materials, to make sure people remember such information at the
time of their decision. But this approach only succeeds if DA
developers are convinced that risk information is, somehow, more
relevant to a person’s decision than other informations, such as
information about the benefits of a specific treatment alternative.
But making such a determination, about the priority of risk
information over other informations, will no doubt strike some
experts as a value judgment that departs from the neutrality that
DA developers typically strive for in developing their materials.

Clearly, part of the challenge in designing any DA is to
determine which information is most important for decision
makers to understand. The order effect we identified in this study
suggests that it can be difficult to find a way of presenting such
information to decision makers that enables them to place equal
weight on equally important information. Fortunately, our
experiment also suggests a way to avoid this problem—by
implementing a DA design that reduces order effects.

Is risk context information the solution to this problem? We
think such a conclusion would be premature. The order effects seen
in this study are relatively small and the elimination of such order
effects by risk context information needs to be replicated in other
studies before such an approach could be deemed a success. We do
not have an adequate understanding, on the basis of the current
study, for why contextual information about competing risks
eliminated the order effect we discovered in this study. In future
research, it will be important to determine how common such
order effects are, and then to develop a better understanding for
how to reduce or eliminate such order effects. Our goal in this
article is not to convince DA developers that we have solved this
specific problem. Instead, our goal is to encourage researchers to
focus more efforts on exploring biases such as order effects, as well
as testing methods to eliminate such biases.

Our study has several limitations that warrant caution about
how to interpret our results. First, our sample was comprised
mostly of white women, recruited from only two locations in the
United States. In addition, like many other Internet studies, ours
was plagued by a low response rate. Thus the generalizability of
our results is a concern. Nevertheless, the lack of generalizability of
our study does not negate our experimental finding. Because we
randomized participants across the versions of our DA, our order
effect and our debiasing of the order effect were shown to exist for
this population.

Second, the order effects we found were small, and not
necessarily of clinical significance. Nevertheless, it is possible
that order effects will be larger in other contexts. In addition,
more important than the size of our order effects, was our desire
to show how randomized experiments can help uncover
decisional biases. Other biases may loom larger for DAs than
the order effects we found here. We wanted to demonstrate the
feasibility of testing for such biases, as well as looking for ways to
avoid the biases.

Third, the particular bias we identified in this article – an order
effect – may not be relevant to decisions that take place over long
periods of time, in which decision makers have many opportunities
to revisit their decisions. In such situations, decision makers may
encounter this information multiple times, in various orders,
thereby reducing order effects. Nevertheless, people often have to
make decisions in very compressed periods of time, and for them
order effects like we discovered in this study are quite relevant. In
addition, even when people make decisions over a longer period of
time, their decisions could still be strongly influenced by initial
order effects: once they develop a preference for one option over
another, due to things like order effects, they may anchor
themselves on this preference and have a difficult time changing
their mind later.

These limitations only provide further reason for researchers to
adopt the approach we describe here, across other populations and
other clinical decisions. With approaches like the one we take here,
the science of DA development can tackle the problem of how to
identify biases introduced even by well-designed DAs, as well as
how to find ways for DAs to eliminate or reduce such biases.

3.2. Conclusion

Decisions aids can not only be tested for cognitive bias – for
evidence that the information is presented in a way that unduly
influences judgments or choices – but can also be divided into
sections, and randomized in a factorial fashion, in ways that enable
researchers to test whether specific DA designs eliminate or reduce
such biases.
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3.3. Practice implications

Clinicians need to be aware that DAs which they use in clinical
setting may introduce cognitive biases. In the future, they can
hopefully be able to rely on DAs that have been thoroughly tested
for such biases.
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