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Abstract 
 
 
Objective 

 

To examine the effect of ordering information in a patient decision aid (PtDA) about treatments for 
obstructive sleep apnea (OSA). 

 
 
Methods 

 

We recruited 643 individuals to imagine that they had been diagnosed with OSA and to choose 
between treatment options. A value clarification exercise was used to determine which attributes of 
treatment mattered most to each individual. Before deciding on their preferred treatment option, we 
randomly assigned participants to view information with attributes in: a pre-specified order (Group 
1), order of what mattered most last (Group 2), and first (Group 3). 

 
 
Results 

 

Of the 510 participants who provided usable results, viewing information that mattered most first was 
associated with choosing the treatment option most concordant with their informed values. The order 
effect was most pronounced in younger individuals. 

 
 
Conclusions 

In this study of hypothetical patients, order  effects were found  to improve the information patients 
focussed on, potentially improving the quality of their decisions. 

 
 
Practice implications 

 

The order of information presented in a PtDA can inadvertently influence patients’ choices. By 
tailoring information order for each patient, developers can not only overcome this dilemma, but also 
make it simpler for patients to choose the option that is best for them. 
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1. Introduction 
 
Patient decision aids (PtDAs) are interventions designed to provide the best evidence available about 
the risks and benefits of different medical treatment options.[1] PtDAs assist patients in clarifying 
and communicating the values they place on different features of treatment options. By doing so, 
they can help patients make informed decisions in consultation with their physicians, an approach 
known as shared decision making.[2] 

 

Developers of PtDAs strive to improve the quality of treatment choices, or decision quality. A 
quality choice has been defined as one that is both informed and value concordant; that is the 
patient’s choice is based on knowledge of options and outcomes, including accurate perceptions of 
risk, such that the chosen option matches the patient’s personal values.[3] A wealth of research has 
sought to improve PtDAs so that patients receive accurate and well-described information.[4] 
However, evidence suggests that simply providing patients with  accurate information does not 
always lead to quality decision-making.[5] Often, informed patients must make difficult trade-offs.[6] 
When a patient is faced with complex and unfamiliar information, their trade-offs can be overridden 
by subtle cognitive biases.[7,8] In the case of PtDAs, this may lead to patients choosing options that 
are not concordant with their personal values. 

 

This study focusses on a cognitive bias caused by order effects. The psychology literature has 
established that the order in which information is presented can influence people’s judgments.[9–11] 
People can be influenced by a recency bias— they may remember the most recent information they 
receive better than earlier information and, as a result, their perceptions can be disproportionately 
influenced by this recent information.[12] Accordingly, patients who learn about treatment benefits 
first and risk information second might better remember the risks, and make treatment choices that 
are more influenced by this recently received risk information. People can also be influenced by a 
primacy bias – they may better consider the information listed first rather than last, particularly 
where the list is long.[13] In these circumstances, patients might give more weight to information 
provided earlier relative to information given further down a list.[14] These types of biases are a 
potential problem to developers of PtDAs who seek to inform patients about treatment options in a 
neutral manner. Information, such as harms or benefits, must be presented in some order within a 
PtDA, but since developers choose this order they may inadvertently influence the patient to choose 
a particular option. 

 

While other studies have sought to minimize the influence of such order effects,[15] this study seeks 
to exploit these effects by simplifying the task for patients faced with complex decisions. Using an 
experimental design, we test whether ordering information in accordance to what matters most to a 
given person influences the option that is chosen. The results illustrate how developers can tailor 
PtDAs using dynamic and interactive processes. 

 
 
 
2. Methods 

 

2.1 Overview 



Page 4 of 22

Acc
ep

te
d 

M
an

us
cr

ip
t

4 

We used a PtDA in development for patients with obstructive sleep apnea which is designed to 
assist patients choice between three options: i) Continuous Positive Airway Pressure (CPAP), a 
machine that pushes a stream of air through a mask into a  patient’s nose or mouth to keep his 
throat and airway open; ii) a Mandibular Advancement Splint (MAS), a type of mouthguard 
that helps to keep the patient’s throat open; and iii) no treatment, or not adhering to using 
either CPAP or MAS. A recent review concluded that “the decision as to whether to use CPAP 
or MAS will likely depend on patient preference.”[16] 

 
We invited members of an online panel to imagine they had been diagnosed with sleep apnea 
and were to use the PtDA to help their physician prescribe the most appropriate treatment 
option. They were told that adherence to these treatments was a particular concern, and so 
personal preferences were important to making treatment decisions. 

 

The PtDA broadly followed the IPDAS guidelines,[17] explaining the condition, providing 
information about options and their characteristics (benefits, side-effects, costs, etc.) using 
probabilities and pictographs to describe baseline and incremental absolute risks where 
appropriate, a value clarification exercise, and a summary of information to help the patient 
deliberate on the decision along with an opportunity to select the preferred option. Given the 
hypothetical nature of the exercise, we did not include guidance on next steps or on ways to 
discuss options with others, which would typically be included in a PtDA. 

 

Respondents were randomised to three different versions of the PtDA: 1) conventional group, 
where the order of the information was pre-specified with benefits listed first, followed by side- 
effects, and then costs; 2) recency group, where information was ordered based on the results 
of a value clarification exercise, so that what a given respondent valued most was listed last; and 
3) primacy group, where information again  was ordered according to values, so that what a 
respondent valued most was listed  first. The information contained in all three versions was 
identical, but the order in which  information was displayed varied. We asked respondents 
questions about their preferred option and asked them to assign values to the attributes 
associated with each option. As a result we were able to determine the proportion of 
respondents who chose the option concordant with their own values. 

 
 
 
2.2 Survey procedure 

 
After completing consent, participants were informed that the survey was for improving an 
educational tool for patients with sleep apnea. They were then given information about sleep 
apnea so they could imagine that it would be like to have the condition. A simple test, referred 
to as a “catch trial,” was used to ensure they had paid attention to the information page. 
Individuals were then presented a screen with an overview of attributes, with a description of 
their ranges. The attributes had been selected based on previous qualitative research.[18] The 
attributes included: efficacy – CPAP is more effective than MAS, while both are more effective 
than no treatment; comfort – CPAP requires users to sleep on their backs with a mask while 
MAS can cause some discomfort; side effects – both CPAP and MAS can cause minor side- 
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effects such as dry mouths or sore jaws; practicality – CPAP is cumbersome to travel with while 
the MAS is small and convenient; partner considerations – CPAP can be noisy and embarrassing to 
use, and; cost – CPAP tends to have a smaller up front cost than MAS, but has ongoing costs 
for replacement masks. 

 
Those randomized to the ordered PtDA  versions (Groups 2 and 3) were then presented a value 
clarification exercise (Group 1 was shown the exercise at the end which is the convention in 
PtDAs) (Figure 1). The value clarification exercise used a series of rating scales to elicit from 
individuals what attributes mattered most to them and in what order. To reduce the chance for 
equivalent ratings and to encourage compensatory decision-making, we enabled the scales to 
derive values from 1-100 each starting at 16.6 (100/6), and linked them such that the sum of 
the scales always equalled 100 (an interactive constant sum exercise). 

 
The ordered groups then viewed each page in accordance with these rankings – in descending 
order for the primacy group and ascending for the recency group – such that each individual 
viewed the information in a different order. The conventional group viewed each information 
page in a fixed order and conducted the value clarification exercise after viewing the 
information in the pre-specified order (Figure 1). All groups then viewed a balance sheet where 
all the information was summarized in one page (again, ordered as per group),[19] and asked to 
indicate which option they preferred. All groups could go back to the value clarification 
exercise and revise their values at any time. 

 
The final stage of the survey asked a series of outcome measures including a leaning scale, the 
decisional conflict scale (DCS), and the DCS uncertainty and values clarity subscales.[20] The 
final task asked participants to rate each treatment’s impact on each attribute on a 5-item Likert 
scale. 

 
 
 
2.3 Outcomes 

 
The primary outcome was concordance between each individual’s calculated optimal treatment, 
based on their individual values and scores, and the option they actually selected. A perfect outcome 
for optimal treatment is unachievable, and so we used a multi criteria decision analysis (MCDA) 
framework to calculate respondents’ scores for each option.[21] The  values for each attribute 
(obtained from the value clarification exercise) were multiplied by the scores assigned to each option 
for each attribute. The sum gave a weighted score for each option, with the largest score indicating 
the individual’s optimal option. 

 

Perceived clarity of values and uncertainty were measured using two subscales from the well- 
validated decisional conflict scale.[22] These six items are coded on 5-point scales ranging from 
“strongly agree” to “strongly disagree.” The items for the perceived clarity of values subscale are: “I 
am clear about which benefits matter most to me,” “I am clear about which risks and side effects 
matter most to me,” and “I am clear about which is more important to me (the benefits or the risk 
and side effects).” The uncertainty subscale items are: “I am clear about the best choice for me,” “I 
feel sure about what to choose,” and “This decision is easy for me to make.” 
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2.4 Participants 
 
In a preliminary pilot study of 60 persons used to test the survey was working correctly, 
approximately 65% of participants chose an option concordant with their values. A convenience 
sample of 500 individuals (approximately 166 in each arm) was therefore calculated to be able to 
detect a 15% difference with 80% power, at a type I error of 5%. We advertised both the pilot and 
main survey to North American participants using Amazon Mechanical Turk.[23] 

 
 
 
2.5  Analysis 

 
A generalized logit model for multinomial responses was used to determine the odds ratio for 
choosing either CPAP or MAS relative to the conventional group. A logistic regression was used to 
test for differences in concordance between each group, adjusted for age, sex, and education. Each 
DCS subscale was converted to a 1-100 score where a lower score meant the participant was less 
conflicted, and linear regression models were performed to compare the scores relative to the 
conventional group, adjusted for age, sex, and education. All analyses were conducted in SAS 8.2. 

 
 
 
3. Results 

 

3.1 Sample and demographics 
 
In just over two weeks, 643 individuals began the survey. Of these, 76 respondents failed to 
complete the survey, and a further 35 failed the catch trial. Eleven respondents had duplicate IP 
addresses and similar characteristics and so their second response was removed. This left 521 
responses available for analysis (Figure 1). 

 

In the total sample, respondents were predominantly aged between 26-35 years, 61% were female, 
and approximately 60% of respondents had at least a college degree. The demographics were 
generally well balanced between groups (Table 1). 

 

On average, respondents considered the efficacy of treatment to be the most important attribute, 
followed by cost, partner considerations, and comfort. Side effects and practicality were the least 
valued. However, there was considerable heterogeneity between respondents’ values and in the 
ordered groups (2 and 3) there were 112 unique rank orderings. Consequently, few respondents in 
these groups viewed the same version of the PtDA; there were effectively 112 individually tailored 
versions. 

 
 
 
3.2 Choices 

 
Overall, respondents stated they preferred the MAS option, followed by CPAP and no treatment 
(Table 2). In comparison to the conventional group, respondents randomized to the primacy 
ordering tended to prefer MAS over no treatment (OR (95% CI): 1.87 (1.09, 3.22)). 
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The optimal option for 11 respondents could not be calculated since they indicated only one 
attribute to have any value. In the 510 remaining respondents, there was no difference between 
groups’ calculated optimal treatment preferences (Table 2). In the conventional group, the 
calculations suggested that respondents should prefer MAS more than they indicated (51% vs 41%) 
and should prefer no treatment less (18% vs 29%). 

 

In the conventional group, 70% of respondents chose the option that was calculated to be optimal. 
In the recency group, this was improved to 78% (OR (95% CI): 1.43 (0.88, 2.32), p=0.15), and in the 
primacy group, this was improved to 90% (OR (95% CI):  3.88 (2.10, 7.20), p<0.001) (Table 2). 

 

Figure 3 shows the proportion of respondents with concordant choices by age and education. The 
impact of primacy effects on concordance is significantly higher in younger people than in older 
people (OR (95% CI): 8.05 (2.93, 22.13) vs 2.09 (0.92, 4.74), p=0.042). A small non-significant trend 
was identified with higher educated respondents being slightly more concordant than lower educated 
respondents. 

 
 
 
3.3 Decisional conflict 

 

Decisional conflict in the clarity of values and uncertainty subscales was high for all groups. While 
the scores were lower in both ordered groups, this was not by statistically significant difference 
(Table 3). 

 
 
 
4. Discussion and Conclusion 

 

4.1 Discussion 
 
This study identified that individuals are more likely to make  treatment choices that reflect their 
values when the information presented in a PtDA is ordered according to their informed 
preferences. 

 
We found a significant primacy effect whereby respondents were more likely to choose the 
treatment option calculated to be best for them if they were presented first with information about 
the attributes they felt were personally important. This effect was identified to be most prominent in 
younger individuals. 

 

An interesting finding was that primacy, rather than recency, effects had a greater influence on 
decisions. Primacy effects occur since items early in a list have a memory advantage. This advantage 
is due to the first items in a list having less competition for limited memory capacity.[24] Existing 
research suggests that position effects extend beyond memory and may influence actual behaviour. 
For example, subjects tended to view and choose ads in the Yellow Pages that were at the top of the 
alphabetical list[13] and choose candidates listed at the top of electoral ballots.[25] Research in 
economics points to a warm (or fading) glow effect in the way information influences people’s 
values,[26] which can go on to influence peoples choices.[27,28] There is limited evidence on the 
influence of order effects in the design of health education materials, despite a recognition that such 
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cognitive biases can impact people’s ability to process content-related information.[29] Feldman- 
Stewart found that the order of 57 different questions about treatments for ovarian cancer 
accounted for up to 21% of the variance in participants’ judgments regarding which treatments for 
the disease were important.[30] Ubel identified a recency effect whereby women at high risk of 
breast cancer who learned first about the risks of tamoxifen prophalyxis therapy remembered the 
benefits of tamoxifen better and thought more favourably of the drug in comparison to women who 
learned first about the benefits.[15]  We speculate that the influence of order effects will be greater 
in PtDAs with greater numbers of attributes. We also predict that primacy vs recency effects will 
differ depending on list length and where in the PtDA the patient is asked their treatment 
preference. Future studies exploring different designs with both fewer and greater numbers of 
attributes should further examine the influence of both primacy and recency effects. 

 

We found that younger people  (≤35) were more  influenced by the primacy effect, which could be 
because this group has preformed habits for reading web pages. Studies of web browsing have 
found that older users are more likely to read all of the information on a screen before committing 
themselves to move to the next screen.[31] Younger users are more likely to read less of the on- 
screen information on a web page, often reading the top line and then scanning vertically down the 
left of the page.[31] If this phenomenon is also present with web based PtDAs, it is plausible that 
younger people are more influenced by order effects. 

 

A specific strength of this study is the randomized experiment used to detect differences between 
PtDA designs. Despite over 86 randomized trials of PtDAs,[32] few have used randomization to 
examine the influence of design issues. The majority of those few studies considered the influence of 
individualized risk estimates and found only limited impact.[30] This study contributes to the small 
literature researching the effect of information design on decision-making. 

 

Our results should be interpreted with caution given certain study limitations. First, the task was 
hypothetical and so we cannot be sure that the results observed would also be found among sleep 
apnea patients making actual treatment decisions. If this experiment was not hypothetical, it is quite 
plausible that patients would spend more time studying the information provided  and be less 
influenced by order effects as a result. Consequently, it is possible the size of effects may be an 
overestimate of what would happen in clinical practice. The study by Ubel et al did however find 
small order effects among women at a high risk of breast cancer who used a PtDA on preventative 
therapy options. Thus while the effects we observed might be reduced, they are unlikely to be 
eliminated if our study were replicated with a sample of sleep apnea patients.[15] 

 

Second, the results could have been confounded by the order in which we presented the value 
clarification exercise and treatment option information. Most PtDAs require patients to clarify their 
values after they read the treatment information and just before they select a preferred option, as in 
Group 1. We are unable to determine whether providing the value clarification first, as was done in 
Groups 2 and 3, led to improved decision quality, independent of the order effects. 

 

Third, while using Mechanical Turk as a recruitment method  enabled us to enrol a fairly large sample 
in spite of limited study  resources, the method raises some concerns about sample 
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representativeness and data quality.[23] Turkers are more likely to be younger than the general 
population, female, and have a lower income.[33] They therefore do not reflect the characteristics of 
sleep apnea patients. In terms of quality, we had to exclude 5% of the sample for not reading and 
understanding the treatment  information correctly. Otherwise, we believe our data quality 
reasonably reflects that of other studies.[34] 

 
Fourth, our use of MCDA to ascertain the optimal option for each individual relies on certain 
assumptions.[35] We chose MCDA because it is a simple approach for individuals to use in deciding 
between options. While we assume that some treatments are suboptimal, we acknowledge that these 
options actually may  be optimal for some individuals. 

 

Finally, we could have increased our ability to identify order effects if we had used a PtDA for a 
more complex treatment decision. Over 70% of individuals were able to select the optimal option 
using a fixed order, which leaves limited room for improvement. Future studies should focus on 
decisions where individuals tend to make poor judgments. 

 
 
 
4.2 Conclusion 

 
Harnessing the influence of order effects and individualizing the way health information is presented 
may help patients make better quality decisions. While the effects we observed are relatively small, 
order effects can be implemented at little cost, particularly as web/computer based PtDAs are 
becoming indispensable for delivering individualized risk estimates and communicating patient 
stories.[36]. This study contributes to a growing literature demonstrating that developers of static 
PtDAs may have unintentional but important influences on which options patients choose. 

 

This work represents one example of using behavioural design to help individuals overcome 
cognitive errors. Other strategies to overcome position effects have included methods to debias 
health information, such as through use of pictographs or incremental risk information.[15] 
However, these approaches typically require individuals to view even more information, making 
them susceptible to other biases such as information overload.[37] One promising approach for 
improving patient decision-making is through exploiting cognitive biases or by using so called 
‘nudges’ – “aspect[s] of the choice architecture that alter people’s behavior in a predictable way 
without forbidding any options or significantly changing their economic incentives.”[5] While there 
is an awareness of the influence of PtDA design on choices,[38–40] few studies to date  have used 
nudges.[41] Additional approaches exist, such as tailored default options and providing 
feedback,[42-43] and should be the focus of future research. 

 
 
 
4.3 Practise implications 

 
When PtDAs are tailored to individuals, the focus  has predominantly been on individualizing risk 
estimates.[44] This study focusses on individualizing the presentation of health information. This is 
important as it can still be challenging for well-informed patients to make trade-offs when using 
PtDAs. Developers of decision support materials should consider the  influence of order effects on 
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how patients make these trade-offs and the options they choose. While approaches exist to debias 
these effects, the alternative approach we  explored in this study was to exploit order effects by 
helping patients focus on the treatment  aspects that matter most to them. For web/computer based 
PtDAs, this is a relatively simple feature to employ. We urge PtDA developers to make it simpler for 
patients to make trade-offs between treatment characteristics. We also emphasize the need for 
additional research to help patients make choices that align with their values, recognizing the 
disproportionate amount of research currently focused on the knowledge component of decision- 
making. 
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Table and Figures with legends 
 

Table 1: Demographic information 
 

Table 2: Proportion of respondents’  optimal and selected treatments, and calculated 
concordance 
MAS= Mandibular Advancement Splint 

 
CPAP= Continuous Positive Airway Pressure 

 
a. The option the respondent selected they preferred 
b.   The option calculated to have the highest weighted score from MCDA exercise from 

each individual’s values and scores 
c. Where the option selected equalled the optimal option 

 
† Adjusted for age, sex, and education 

Table 3: Decisional Conflict outcomes 

Adjusted for age, sex, and education 

Figure 1: Design 

Figure 2: Proportion of respondents with concordant choices by key demographics 
 

*The OR of Primacy vs Conventional is significantly greater than 1 at the 5% level. 
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Highlights 

We ask hypothetical patients to choose between treatment options 

We examine the impact of order effects on information about treatments on choices 

Ordering information in accordance to patient priorities influences decisions 

Presenting most important information first led to most improved decisions 

Implications for designers of patient education tools discussed 
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Table 1: Demographic information 
 

 Group 1: 
Conventional 

(n=164) 

Group 2: 
Recency (n=186) 

Group 3: 
Primacy 
(n=171) 

Total 
(n=521) 

Gender, n (%)     

  Female 103 (63) 116 (62) 99 (58) 318 (61) 

  Male 61 (37) 70 (38) 72 (42) 203 (39) 

     

Age, n (%)     

  ≤25 24 (15) 26 (14) 23 (13) 73 (14) 

  26-35 62 (38) 68 (37) 61 (36) 191 (37) 

  36-45 23 (14) 23 (12) 20 (12) 66 (13) 

  46-55 26 (16) 34 (18) 32 (19) 92 (18) 

  ≥56 29 (18) 35 (19) 35 (20) 99 (19) 

     

Highest education, n (%)     

  High school or less 13 (8) 13 (7) 19 (11) 45 (9) 

  Some college 59 (36) 57 (31) 47 (27) 163 (31) 

  College degree 54 (33) 71 (38) 59 (35) 184 (35) 

  Above college degree 38 (23) 45 (24) 46 (27) 129 (25) 

     

Average values (%)     

  Efficacy 33% 35% 35% 34% 

  Comfort 16% 15% 17% 16% 

  Side-effects 5% 4% 3% 4% 

  Practicality 6% 8% 7% 7% 

  Partner considerations 14% 13% 14% 14% 

  Cost 26% 26% 23% 25% 

 
 

Table 1
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Table 2: Proportion of respondents optimal and selected treatments, and calculated 
concordance 

 
MAS= Mandibular Advancement Splint 

CPAP= Continuous Positive Airway Pressure 

a. The option the respondent selected they preferred 

b. The option calculated to have the highest weighted score from MCDA exercise from each 

individuals values and scores 

c. Where the option selected equalled the optimal option 

† Adjusted for age, sex and education 

 

 Group 1: 
Conventional 

(n=164) 

Group 2: 
Recency 
(n=186) 

Group 3: 
Primacy 
(n=171) 

ORs (95% CI) 

 Grp 2 vs Grp 1  Grp 3 vs Grp 1 

Selecteda N=164 N=186 N=171   

  No Treatment 29% 30% 20% Ref Ref 

  CPAP 30% 26% 28% 0.87 (0.50, 1.52) 1.38 (0.76, 2.50) 

  MAS 41% 44% 52% 1.07 (0.65, 1.77) 1.87 (1.09, 3.22) 

  Total 100% 100% 100%   

Optimalb N=162 N=180 N=168   

  No Treatment  18% 23% 15% Ref Ref 

  CPAP 30% 25% 27% 0.69 (0.37, 1.27) 1.08 (0.56, 2.10) 

  MAS  51% 51% 54% 0.81 (0.46, 1.41) 1.29 (0.71, 2.36) 

  Total 100% 100% 100%   

Concordancec N=162 N=180 N=168   

  Total 70% 78% 90% 1.43 (0.88, 2.32)† 3.88 (2.10, 7.20)† 

Table 2
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Table 3: Decisional Conflict outcomes 

 

 Group 1: 
Conventional 

(n=164) 

Group 2: 
Recency 
(n=186) 

Group 3: 
Primacy 
(n=171) 

P – value 

Grp 2 vs Grp 1 Grp 3 vs Grp 1 

Clarity of Values 66.36 (26.11) 62.63 (27.58) 60.77 (28.09) 0.20 0.06 

Uncertainty 61.23 (32.01) 59.09 (30.14) 56.33 (32.29) 0.52 0.16 

 

Table 3
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Figure 1: Design 

Respondents enrolled 

and randomly assigned 

(n= 643) 

Group 1: Conventional 

(n=214) 

Group 2: Recency 

(n=215) 

Group 3: Primacy 

(n=215) 

Value clarification exercise 

Value clarification 

exercise 

Information on options 

in predefined attribute 

order 

Information on options 

with attributes that 

matter most shown last 

Information on options 

with attributes that 

matter most shown first 

Select preferred option 

Decisional Conflict Scale, multicriteria scoring for each attribute 

Respondents that 

completed the study 

(n=164) 

 

Respondents that 

completed the study 

(n=186) 

 

Respondents that 

completed the study 

(n=171) 

 

Figure 1
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Figure 2: Proportion of respondents with concordant choices by key demographics 
 
 

  
 
 
*The OR of Primacy vs Conventional is significantly greater than 1 at the 5% level.  
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