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ABSTRACT 

Introduction 

Previous studies identified essential user preferences for seizure detection 

devices (SDDs), without addressing their relative strength. We performed a 

discrete choice experiment (DCE) to quantify attributes' strength, and to identify 

the determinants of user SDD preferences. 

Methods 

We designed an online questionnaire targeting parents of children with epilepsy 

to define the optimal balance between SDD sensitivity and positive predictive 

value (PPV) while accounting for individual seizure frequency. We selected five 

DCE attributes from a recent study. Using a Bayesian design, we constructed 

eleven unique choice tasks and analyzed these using a mixed multinomial logit 

model. 

Results 

One hundred parents responded to the online questionnaire link; 49 completed 

all tasks, whereas 28 completed the questions, but not the DCE. Most parents 

preferred a relatively high sensitivity (80%-90%) over a high PPV (>50%). The 

preferred sensitivity-to-PPV ratio correlated with seizure frequency (r = −.32), 

with a preference for relative high sensitivity and low PPV among those with 

relative low seizure frequency (p = .04). All DCE attributes significantly impacted 

parental choices. Parents expressed preferences for consulting a neurologist 

before device use, personally training the device's algorithm, interaction with 

their child via audio and video, alarms for all seizure types, and an interface 

detailing measurements during an alarm. Preferences varied between 

subgroups (learning disability or not, SDD experience, relative low vs. high 

seizure frequency based on the population median). 

Conclusions 

Various attributes impact parental SDD preferences and may explain why 

preferences vary among users. Tailored approaches may help to meet the 

contrasting needs among SDD users.  
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INTRODUCTION 
Seizure detection has rapidly advanced in epilepsy care as various new devices 

have been launched.1-5 Meaningful implementation of these devices requires a 

good fit with the end users. Seizure detection devices (SDDs) are used mainly 

by people caring for an individual with epilepsy in an institution or at home. 

Caregivers' rapid response to SDD alarms might help prevent dangerous 

complications of seizures, including injury, status epilepticus, and sudden 

unexpected death in epilepsy (SUDEP).6-9 SDDs may also help reduce the 

burden of seizure monitoring and promote independence.4 These beneficial 

effects, however, can only be gained when the device meets the user's needs 

and is successfully implemented in the care setting.5 Most SDD studies have 

focused on technological aspects and placed less emphasis on the user's role in 

coshaping SDDs.10 People with epilepsy and caregivers have expressed the 

importance of an accurate device,5, 11, 12 but little is known about how they 

evaluate the balance between sensitivity and positive predictive value (PPV) 

while accounting for individual seizure frequency. Previous research among 

potential users showed that design aspects also matter.5, 11, 12 Several studies 

stressed the importance of attractive, nonintrusive, nonstigmatizing, comfortable 

devices, preferably wearable and removable, but securely fitted.13-18 A recent 

qualitative context mapping study19 explored caregivers' dreams and fears, and 

identified several key attributes influencing their trust in a device (e.g., ability to 

view all parameters overnight, personal adjustment of the algorithm, 

recommendation by a neurologist, and a setup period).19  

Previous studies did not examine the relative strength of the attributes 

determining the user's choice of an SDD. A discrete choice experiment (DCE) is 

a method to quantify the strength of different aspects influencing users' 

preferences.20 The scope of DCE applications is expanding, including the 

design of complex interventions.21 Few DCE studies have evaluated preferences 

for diagnostic and treatment options in epilepsy care.22-24  

This study builds on our context mapping study19 by extracting the most 

important themes regarding SDD needs as attributes. We aimed to examine to 

what extent these attributes affect users' preferences for an SDD, using a DCE, 

and assess whether user characteristics influence SDD preferences. We also 

explored the optimal balance between sensitivity and PPV, while accounting for 

the seizure frequency of the individual.  
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METHODS 
We designed an online questionnaire to explore the preferences of parents of 

children with epilepsy. The questionnaire consisted of three components: (1) 

background information about the parents and the child with epilepsy; (2) 

questions on motives for using an SDD, and the optimal balance between SDD 

sensitivity and PPV; and (3) a DCE.  

Background information  

We recorded family composition, parental educational level, the child's age and 

presence or absence of learning and/or physical disability, seizure frequency 

and types, and parental experience with SDD use. In the DCE, for the sake of 

ease, we referred to seizure types as "major" or "minor." We requested parents 

to describe the seizures of their child in the questionnaire and to indicate how 

they would label them (i.e., major or minor).  

Questioning motives for using an SDD and the optimal 

SDD performance  

Parents were asked to indicate their agreement on a 5-point Likert scale with 

the following motives for using an SDD: (1) to enable timely intervention in 

potentially dangerous seizures, (2) to be alerted for every seizure type of my 

child, and (3) to get a better overview of my child's epilepsy. The scale varied 

from 1 point (totally disagree) to 5 points (totally agree). We calculated the 

mean total score for each motive. The higher the score, the more parents 

agreed with the motive.  

Optimal SDD performance was presented on a 6-point scale, varying from an 

optimal PPV with relatively low sensitivity, to an optimal sensitivity with relatively 

low PPV. The questionnaire included the following sensitivity (%)/PPV (%) 

balances: 50/100, 60/83, 70/67, 80/50, 90/33, 100/17. The chosen values reflect 

the overall discriminative power of current SDDs,3, 8 with different set points for 

the tradeoff between sensitivity and specificity. SDD performance was 

expressed as numbers of missed seizures and false alarms while considering 

the individual seizure frequency. The data were presented as number of events 

per day, week, month, or year depending on the child's seizure frequency. For 

example, if a child experienced one seizure per day, one of the answer options 

would include four missed seizures per week and no false alarms (ratio 

sensitivity vs. PPV: 50%/100%), whereas the 60%/83% ratio would be presented 

as three missed seizures and one false alarm per week.  
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Discrete choice experiment  

A DCE is often applied in health economics to evaluate preferences for health 

care products or programs.25, 26 The product, in our case an SDD, is described 

by several attributes, and the assumption is made that variation within these 

attributes (levels) affects SDD preferences.25 Each exercise presents two 

hypothetical scenarios constructed by assembling random levels for each 

attribute. Respondents were asked to indicate their preference for one of the 

two scenarios. Next, the exercises were repeated with different scenarios, thus 

helping to identify the relative importance of each attribute and corresponding 

levels.  

Identifying attributes and levels  

We extracted the key themes regarding SDD needs from the context mapping 

study,19 and converted them into five attributes to minimize study burden. 

Attribute levels were based on different preferences that emerged from the 

group discussion in this study. The list was finalized in a consensus meeting 

with clinicians, experts, a parent, and a patient representative, and included (1) 

introduction to use (three levels), (2) alert (three levels), (3) interface (three 

levels), (4) interaction (four levels), and (5) personalization (three levels). The 

attribute "interface" refers to a display of the device's measurements. All 

attributes and their different levels are shown in Figure 1A.  

Designing choice sets  

The four attributes with three levels and one attribute with four levels used in 

this study could create 34 × 41 = 324 hypothetical scenarios. We used a subset 

of these scenarios for practical reasons, applying an algorithm to generate a 

Bayesian optimal design.27 This method allows for a statistically efficient design 

that maximizes D-efficiency (i.e., the precision of estimated parameters). The 

choice set was constructed using Stata version 16 (module DCREATE).28 The 

Bayesian design assumes a prior distribution of likely  

parameter values (e.g., the beta coefficients in the regression analysis) for some 

or all parameters. We assumed that all coefficients had a positive sign (i.e., 

higher levels were assumed to be more preferred). To minimize participant 

burden, the number of choice tasks was limited to eleven.  

The final version consisted of eleven unique choice tasks and one repeated task 

to examine the test-retest reliability. There was no opt-out option, so 

respondents were forced to choose between two hypothetical, unlabeled 
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scenarios. A designer specializing in health care was asked to provide 

illustrations for each level, which were presented at the start of the DCE, 

together with an explanation of the five attributes and their levels (Figure 1A). 

To simplify the exercise, we provided the choice tasks with pictograms (Figure 

1B). Parents could click on the pictogram for additional textual explanation.  

Testing the full questionnaire  

Before distributing the questionnaire, we performed a pilot study with five 

parents of children with epilepsy admitted to our epilepsy center, to optimize 

question format, pictograms, and language. The full Dutch version of the 

questionnaire is available from the authors on request.  

Data collection  

A link to the online questionnaire was distributed via multiple social media used 

by three large epilepsy centers in the Netherlands (Epilepsy Institutes of the 

Netherlands Foundation, Academic Center for Epileptology Kempenhaeghe, 

and University Medical Center Utrecht), EpilepsieNL, the Dutch Epilepsy 

Foundation, and Facebook groups of representatives of people with epilepsy in 

the Netherlands and Belgium. We aimed to include a population that was as 

diverse as possible to represent a wide range of preferences. Any Dutch-

speaking parent of a child with epilepsy, with or without SDD experience, was 

invited to participate. The questionnaire completion time was about 45 min. The 

study was evaluated by the Medical Research Ethics Committee Utrecht. An 

official approval was not required under the Medical Research Involving Human 

Subjects Act. All parents participated voluntarily and anonymously. Data were 

collected between March 2020 and March 2021.  

Statistics and data analysis  

Data on background information, motivation for using an SDD, and the optimal 

sensitivity/PPV balance are presented using descriptive statistics. We used χ2 

statistics to analyze differences between groups for categorical data. To analyze 

the correlation between seizure frequency and preferences for SDD sensitivity-

to-PPV ratio, we performed a 10-log transformation to create a normally 

distributed dataset and then used an analysis of variance test to estimate 

differences. Categories with a small number of responders (n < 5) were 

clustered together.  
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DCE data were analyzed using the statistics software package R (v4.0.4). We 

used a mixed multinomial logit (MMNL) model to determine the relative strength 

for each attribute on parents' preferences, using the following steps:  

1) Defining the regression model: The regression function was constructed 

with the attributes as independent variable and the choice of the parents 

(i.e., either a “0” or “1” depending on which of the two alternatives was 

chosen for each question) as dependent variable. No constant term was 

included in the final model, as this was deemed irrelevant (i.e., it would be 

the mean of the unobserved effects for each of the alternatives). All 

attributes consisted of categorical variables and were included in the model 

as dummies using effect coding. We normalized the first level of each 

attribute to zero, and calculated preference weights relative to the effect of 

this first attribute's level.  

2) Assigning distributions to each independent variable: All parameters 

included in the MMNL model were treated as random parameters 

(assuming a normal distribution), estimated using 2000 Halton draws.  

3) Performing primary analysis: Data from all parents who completed the DCE 

were used to perform the primary analysis to test the attributes for 

significance.  

4) Performing subgroup analyses: We tested interactions between responders' 

characteristics and attributes for three subgroups: learning disability of the 

child with epilepsy (yes/no), experience with SDD use (yes/no), and seizure 

frequency (relatively low/high). Seizure frequency was categorized as either 

relatively high or low using the median seizure frequency of all participants 

as a cutoff. A p-value < .05 was considered to be statistically significant.  

MMNL was chosen to allow for possible preference heterogeneity across 

respondents and to account for the panel nature of the data (i.e., repeated 

measures within individuals and hence correlated observations).29 A positive 

output for a level illustrates a positive effect on parental preferences with the 

first attribute's level as a reference.  

The resulting regression coefficients show the relative importance of the 

attribute. Relative importance weights to ease interpretation were calculated 

using the method described by Malhotra et al.30  
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Table 1 Respondents’ characteristics  

 

Characteristics  

Subgroup full 

data (n=49) 

Subgroup 

incomplete 

data (n=51) 

Family 

Family composition 

 

Parents/caregivers  

 

41 (84%) 

 

25 (81%) 

Single parent/caregiver  3 (6%) 6 (19%) 

Composed family  5 (10%) 0 (0%) 

 Missing  20b  

Parental 

educational  

No school finished 0 (0%) 1 (3%) 

level Primary education 0 (0%) 1 (3%) 

 Secondary education 5 (10%) 11 (36%) 

 Secondary vocational education 36 (74%) 16 (52%)  

 Higher education 8 (16%) 2 (6%) 

 Missing  20b  

Child   

Age child   Median (range) 10 y (2-39) 15 y (1-43) 

Learning disability Yes  19 (39%) 20 (65%) 

 No 30 (61%) 11 (35%) 

 Missing  20b  

Physical disability Yes 11 (22%) 8 (26%) 

 No 38 (78%) 23 (74%) 

 Missing  20b  

Seizure frequency Daily 12 (25%) 8 (29%) 

 Weekly 15 (31%) 4 (14%) 

 Monthly 11 (22%) 6 (21%) 

 Yearly  11 (22%) 10 (36%) 

 Missing  23b 

Type of seizuresa Mainly major 19 (39%) 11 (38%) 

 Mainly minor 9 (18%) 5 (17%) 

 Major and minor 21 (43%) 13 (45%) 

 Missing  22b 

SDD usage Yes 21 (43%) 9 (32%)  

 No 28 (57%) 19 (68%) 

 Missing  23b 

Type of SDD used NightWatch 15 4 

 Pulse oximeter 4 1 

 Empatica Embrace  1 2 

 Epicare Free 1 1 

 Emfit  2 

 Seizure alert dog  1 
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Table 1 (Continued) 

Subgroup “full data” includes discrete choice experiment.  

SDD seizure detection device, y years. 
aParents were asked to indicate whether their child suffered from major or minor seizures 

and to detail the seizure types they were referring to (see results section). 
bNot calculated.  

RESULTS  

Respondent characteristics  

In total, 100 parents responded to the link to the online questionnaire, and 49 

responders completed the full questionnaire, including all DCE choice tasks, 

whereas 28 responders completed part of the questionnaires but did not start 

the DCE. Everyone who started the DCE, completed it.  

Table 1 shows characteristics of the participants per subgroup; those who 

completed all tasks including DCE, and the subgroup who answered only some 

of the questions. A slightly higher parental educational level and a lower 

frequency of learning disabilities in the child were found among those who 

completed the DCE, but no other differences were noted between groups. Most 

responders lived as a family of two parents/caregivers with one or more 

children and had finished secondary vocational education or higher. The 

median age of the child with epilepsy was 11.5 years. Approximately half had a 

learning disability, and one quarter of the children experienced physical 

disabilities. Seizure frequency varied from one per year to several per day 

(median seizure frequency = one per week). Most parents reported major 

seizures (with or without minor seizures). Their descriptions of major seizures 

included "tonic-clonic," "loss of consciousness with intense jerks and salivation," 

"stiffen/overstretching and turning blue," "lots of movements and screaming," 

and "status epilepticus." Minor seizures were described as 

"absences/staring/freezing," "small jerks/myoclonias," "vibrations/jerks on one 

side of the face or body," and "loss of muscle tone or falls." Approximately 40% 

of responders had ever used an SDD.  

Motives for using an SDD and the optimal SDD 

performance  

The parents strongly agreed with all three motives for using an SDD: "to enable 

timely intervention in potentially dangerous seizures" (4.74), "to be alerted for  
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Figure 2 Responders preferred motives for using a seizure detection device (SDD) 

and balance between sensitivity and positive predictive value (PPV). (A) Parental 

motives for using an SDD: (1) to enable timely intervention in potentially dangerous 

seizures (timely intervention: 4.74), (2) to be alerted for every seizure type of my child 

(alerting every seizure type: 4.18), and (3) to get a better overview of my child's 

epilepsy (overview child's epilepsy: 4.35). (B) Parental choices for the optimal balance 

between the sensitivity (SENS) and positive predictive value of an SDD. The bars show 

the percentage of parents (n = 55) who chose the corresponding answer.  
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Figure 3 Relative importance of the five attributes used in the discrete choice experiment 

expressed as a percentage per attribute.  

 

every seizure type" (4.35), and "to get a better overview of their child's epilepsy" 

(4.18; Figure 2A).  

The most frequently chosen category of SSD performance included 80% 

sensitivity and 50% PPV (29% of responders), followed by 90%/33% (24% of 

responders; Figure 2B). The SDD preference depended on the individual 

seizure frequency: the higher the seizure frequency, the lower the sensitivity to 

PPV ratio (r = −.32; p = .04). Whether the parent had used an SDD before did 

not impact parental tradeoff choice.  

Discrete choice experiment  

Forty-five of 49 responders (92%) successfully completed the test-retest 

exercise (by providing the same answer), indicating a high reliability of the DCE. 

All attributes of the DCE were statistically significant, showing that they all had 

an important influence on parental preferences for an SDD. The relative 

importance of each attribute was expressed as a percentage, illustrating which 

attributes had the largest influence on parental choices (Figure 3). The relative 

effects of the attributes' levels by representing the output from the MMNL model 

expressed in log-odds are shown in Table 2. The attribute "introduction to use" 

had the largest impact on parental preferences. Parents expressed a high 

preference for consulting a neurologist before putting the SDD into use, 
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whereas a 2-week test period in a clinical setting had a strong negative effect on 

parental preferences. Personalization was the second most important attribute; 

parents preferred the option of personalizing the device's algorithm, favoring 

giving personal feedback on right or wrong alarms over automatic 

personalization. For the attribute "interaction," parental response was: the more 

interaction, the better. Parents preferred to be alerted for major and minor 

seizures, and an alarm for both types was mostly favored. The attribute 

"interface" appeared to be less important; parents indicated a preference for an 

interface option, with no large differences in whether this option was given 

during an alarm or continuously with the ability to look back in time.  

DCE subgroup analyses  

Users' preferences differed among subgroups (Table 3). Parents of a child with 

a learning disability, compared to those without, were more likely to prefer 

consultation with a neurologist before SDD use, device interface options during 

an alarm, and the option to adjust the device's algorithm by giving personal 

feedback (Table 3). Parents who already used an SDD had a stronger 

preference to be alerted for both major and minor seizures and a device that 

could tailor its algorithms for the individual to personalize, compared to the ones 

without any SDD experience. Parents with SDD experience and those of a child 

with a relatively high seizure frequency expressed a higher preference for 

continuous video and audio, and the option to talk back through the device, 

whereas they were less likely to choose the ability to view alarms and 

measurements at the time of an alarm, compared to parents without SDD 

experience and parents of a child with relatively low seizure frequency.  

DISCUSSION  
We explored parental preferences regarding usage motives, the tradeoff 

between sensitivity and PPV, and the attributes influencing SDD choice. We 

found that parents would rather have more false alarms than missed seizures. 

All DCE attributes had a high impact on parental choices, in the following order 

of importance: “introduction to use,” “personalization,” “interaction,” “alert,” 

and “interface.” Users' preferences varied between subgroups (learning 

disability or not, SDD experience, low vs. high seizure frequency based on the 

population median).  
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Table 2 Results from the mixed multinominal logit regression model illustrating the 

strength of different attributes on parental preferences for SDDs 

  SDD preferences 

Attributes   Levels Log-Odds CI p 

Introduction  

to use 

Directly Reference NA NA 

After consulting a 

   neurologist 

1.75 1.38 to 2.12 <0.001a 

After a 2-week test periodin 

a clinical setting 

-1.80 -2.17 to -

1.43 

<0.001a 

Alert Alarms for major seizures 

   only 

Reference NA NA 

 Alarms for major and minor 

   seizures 

1.31 .97 to 1.65 <0.001a 

 Alarms for major seizures, 

   silent notifications for 

   minor seizures  

.86 .49 to 1.23 <0.001a 

Interface None Reference NA NA 

 Ability to view measure- 

   ments at the time of alarm 

1.03 .68 to 1.37 <0.001a 

 Continuous ability to view 

   measurements with op- 

   tion to look back in time 

.81 .52 to 1.10 <0.001a 

Interaction None Reference NA NA 

Video image during an 

   alarm 

.75 .40 to 1.10 <0.001a 

Continuous video images 

   with sound  

1.90 1.43 to 2.36 <0.001a 

Continuous video images 

   with sound and the option 

   to talk back via the device  

1.97 1.56 to 2.39 <0.001a 

Personalisation Fixed settings Reference NA NA 

 Personal feedback on right 

  and wrong alarms to 

  adjust the algorithm 

.80 .46 to 1.14 <0.001a 

 The device trains itself, 

   without personal 

   interference  

.32 .02 to .62 .037 

 

The table shows the output from the mixed multinominal logit regression model. The log-

odds represent the effect of the attributes’ levels relative to the mean effect of the different 

levels of the attribute in the respondent sample. A positive output for a level illustrates a 

positive effect on parental preferences, compared to the first attribute's level.  
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Table 2 (Continued)  

The p-value represents the statistical significance of the attribute's level effect (either 

positive or negative) relative to the reference level. To obtain the relative likelihood of 

choosing for a hypothetical scenario, one needs to sum the log-odds of the levels of 

interest and take the exponential (elog odds = odds ratio).  

CI confidence interval, NA not applicable, SDD seizure detection device.  

aStatistically significant.  

Strengths and limitations  

Our study has its limitations. First, despite our efforts to draw attention to our 

online questionnaire among parents of children with epilepsy, we received a 

limited response. Additionally, only about half of the responders completed the 

DCE. The limited response might be explained by the complexity and length of 

the questionnaire. We tried to minimize the DCE complexity by providing 

pictograms and illustrations, and limiting the number of choice tasks, but the 

question format remains challenging. A recent review on DCEs in health 

economics indicated that the majority of DCEs have more than five attributes 

(our study uses five) and 54% use 9-16 choice tasks (we used 11).31 A simpler, 

less onerous questionnaire would therefore need another question format. 

These studies have been performed previously but lack information on the 

relative strength of different attributes that determine the user's choice of an 

SDD.  

Estimates regarding the minimal required sample size for DCEs vary. For 

example, previous literature suggested various “rules of thumb,” ranging from 

equations such as n = 500c / ( t × a ) (in which c = equal to the largest product 

of levels of any two attributes, t = number of choice tasks, and a = number of 

alternatives, resulting in 273 participants for this study), to studies stating that 

20 respondents per questionnaire version is sufficient to estimate reliable 

models, based on empirical experience.32  

Other studies have mentioned a minimal sample size of 30 for an adequate level 

of accuracy, based on econometric criteria.33 The sample size of our study is on 

the lower end of this range and thus underpowered our subgroup analyses. 

These results should therefore be interpreted with caution. Despite our small 

sample size, we found large DCE effects. Hence, we believe that the sample 

size was sufficient to indicate the direction (i.e., which level has a positive or 

negative impact) and the importance (i.e., which attribute matters most) of 

participants' preferences. We found a slightly higher parental educational level 

in the subgroup that completed the DCE, which may have caused selection bias 
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Table 3 Contrasts between parental preferences for seizure detection devices among 

three subgroups of respondents: parents of a child with learning disability (n = 19), parents 

with previous SDD use (n = 21), parents of a child with a relative high seizure frequency 

(n = 25)a  

Attributes   Levels 

Learning 

Disability 

SDD 

Usage 

High seizure 

Frequencya 

Introduction to 

use 

After consulting a 

   neurologist 
++ ++ = 

After a 2-week test 

   period in a clinical 

   setting 

 -- = 

Alert Alarms for major and 

   minor seizures 
- ++ = 

 Alarms for major seizures, 

   silent notifications for 

   minor seizures  

= = = 

Interface Ability to view measure- 

   ments at the time of 

   alarm 

++ -- -- 

 Continuous ability to 

   view measurements 

   with option to look 

   back in time 

= = = 

Interaction Video image during an 

   alarm 
= = = 

Continuous video images 

   with sound  
= + - 

Continuous video images 

   with sound and the 

   Option to talk back via 

   the device  

= ++ ++ 

Personalisation Personal feedback on 

   right and wrong 

   alarms to adjust the 

   algorithm 

++ = = 

 The device trains itself, 

   without personal 

   interference  

= ++ = 

−/−− negative effect on parental preferences with p < .05/p < .01, +/++ positive effect on 

parental preferences with p < .05/p < .01, = no effect on parental preferences, SDD seizure 

detection device. aSeizure frequency was labeled as high if the frequency exceeded the 

median seizure frequency among participants (one seizure/week).  
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and thereby impacted the generalizability of our results. We had no signs to 

suggest that the task itself was too complex, as all responders who started the 

DCE also completed it. We speculate that the lower response rate relates to the 

required time to complete the study, which may have been too long for those 

parents with a high burden of care. The DCE design of this study is also one of 

its strengths; the method allows for a better understanding of how parents make 

choices for an SDD and quantifies the strength of their preferences. We 

carefully selected DCE attributes from a context mapping study,19 and the 

results show that all selected attributes had a significant impact. Another 

strength is the way we investigated the preferred tradeoff between sensitivity 

and specificity. Previous survey studies including people with epilepsy and 

caregivers examined the preferred sensitivity and false alarm rate (FAR) 

independently, thus reflecting an unrealistic scenario.12, 14 One study found that 

“detecting all seizures” was the most important device feature, but an 

accompanying FAR was not mentioned.14 Most responders from another study 

required 100% sensitivity and allowed one false alarm per seizure, and one false 

alarm per week in those with seizure freedom.12 We expressed the performance 

by calculating the absolute number of missed seizures and false alarms, taking 

into account the individual seizure frequency, to represent a realistic and 

recognizable scenario for the parents. Our results also showed a preferred FAR 

of one per seizure (PPV = 50%). We complement these findings with a preferred 

balanced sensitivity of 80%, and a tendency to favor more false alarms over a 

lower sensitivity. Finally, we included both parents who had experience with 

SDDs as well as those who did not, to include different perspectives. The 

question on SDD experience did not allow us to distinguish between current 

SDD users and parents who had used an SDD in the past. We therefore cannot 

examine whether the current or past use of a specific SDD influenced parental 

preferences. This might be an interesting topic for further research.  

Main findings and related research  

Previous surveys stressed the importance of design (attractive appearance, low 

visibility, low intrusiveness), comfort of use, confidentiality of recorded data, and 

timely support from both technical and clinical ends.5 The attribute "introduction 

to use" had the most influence on parental preferences in our DCE, which might 

be explained by the strong positive (consulting a neurologist) and strong 

negative (clinical test period) effect of the different attribute's levels. A value-

sensitive design study among different stakeholders, including parents, 

highlighted that the values "health," "reliability," and "trust" were most relevant 
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for SDD design.11 We assume that a neurologist's advice helps to build trust in a 

device and optimizes implementation. Although a 2-week test period in a clinical 

setting could provide meaningful information on device accuracy, it is 

presumably outweighed by the time and effort it costs.  

Parental descriptions of major and minor seizures matched our earlier criteria 

quite accurately,34 where we labeled seizures as "major" due to risk of SUDEP 

(tonic-clonic seizures), respiratory distress (generalized tonic seizures of >30 s), 

injury (hyperkinetic seizures), or status epilepticus (cluster of minor seizures). 

Most available SDDs offer high sensitivity/PPV ratios, meeting parental 

preferences, but predominantly target focal to bilateral (FBTCS) or generalized 

tonic-clonic seizures (GTCS). In accordance with previous surveys, we found 

that caregivers prefer to be alerted for a broader range of seizure types.3, 5 

Incorporating a broader range of seizures will likely result in a lower 

sensitivity/PPV ratio, as minor seizures are often more subtle. The recent 

International League Against Epilepsy (ILAE) and International Federation of 

Clinical Neurophysiology (IFCN) guidelines on automated seizure detection 

recommend the clinical use of wearable devices for automated detection of 

GTCS and FBTCS, especially in unsupervised people with epilepsy, where 

alarms may promote rapid intervention.34 Our survey confirms the expressed 

need for the detection of seizures other than GTCS or FBTCS. The ILAE/IFCN 

working group does not recommend the clinical use of the currently available 

devices for these seizure types in view of the low-quality evidence and the lower 

sensitivities. Our framework provides guidance on how to evaluate the tradeoff 

between sensitivity and FARs. It also highlights the need to take individual 

seizure frequencies into account. In this respect, it is important to stress that the 

SDD studies so far3, 35 are skewed toward populations with a high seizure 

burden, thus impacting user evaluations.  

Other important features to consider with SDD development are the parental 

preference for an interface allowing them to interact with their child through the 

device and to view the device's measurements.  

Our study population favored personalization of the algorithms of their device 

over fixed settings. This requires considerable interaction with the device, which 

contrasts with previous results that showed preference for a limited number of 

interactions.5, 16, 17 The same studies emphasize that device design, especially its 

appearance, visibility, and intrusiveness, is an important factor influencing user 

acceptance and that users desired a minimal number of alerts.5, 16, 17 Following a 

previous survey of people with epilepsy and caregivers,14 most parents in our 
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study choose to be alerted for every seizure type (e.g., major and minor). This 

contrasts with the findings of other studies addressing only people with epilepsy 

predominantly expressing their preference for detecting major seizures, thus 

underscoring heterogeneity among user groups.  

Our results also show varying needs between different user groups. We found 

that preferences for a higher sensitivity and lower PPV (more false alarms) were 

associated with lower seizure frequencies. We speculate that sensitivity is 

critically important for those with low seizure frequencies, and a higher FAR, 

even at lower PPV, is still acceptable. This may differ for parents of children with 

relatively high seizure frequency, as even with relatively high PPV the alarm rate 

may still be a substantial burden.  

CONCLUSION 
We identified variation in SDD preferences between different user groups, both 

within our study and compared to other studies. People with epilepsy who live 

independently might consider the device's appearance and visibility more 

important, whereas parents caring for a child with epilepsy and severe learning 

disabilities might prefer to provide personal feedback on alarms, because they 

know their child best. We therefore expect that a generic device will not meet all 

users' needs and thus encourage the development of user-centered and 

tailored approaches to foster SDD implementation.  
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