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Abstract  

Currently, little is known about the association between assessment intensity, burden, data 

quantity, and data quality in experience sampling method (ESM) studies. Researchers 

therefore have insufficient information to make informed decisions about the design of their 

ESM study. Our aim was to investigate the effects of different sampling frequencies and 

questionnaire lengths on burden, compliance, and careless responding. 

Students (n = 163) received either a 30- or 60-item questionnaire three, six, or nine times per 

day for 14 days. Preregistered multilevel regression analyses and ANOVAs were used to 

analyze the effect of design condition on momentary outcomes, changes in those outcomes 

over time, and retrospective outcomes. 

Our findings offer support for increased burden and compromised data quantity and quality 

with longer questionnaires, but not with increased sampling frequency. We therefore advise 

against the use of long ESM questionnaires, while high sampling frequencies do not seem to 

be associated with negative consequences. 

Keywords: experience sampling, ecological momentary assessment, sampling frequency, 

questionnaire length, data quality. 
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The effects of sampling frequency and questionnaire length on perceived burden, compliance, 

and careless responding in experience sampling data in a student population 

The use of momentary self-report measures in daily life is appealing to researchers for 

various reasons. The wish to maximize ecological validity, reduce recall biases, and look at 

dynamic processes in daily life has led to an increase in studies using ambulatory self-report 

methods, such as the Experience Sampling Method (ESM; Larson & Csikszentmihalyi, 1983; 

Myin-Germeys et al., 2018). In an ESM study, participants are typically asked to fill in 

several short questionnaires at random times during the day over several days. Setting up an 

ESM study requires making numerous design choices (Janssens, Bos, Rosmalen, Wichers, & 

Riese, 2018). Many of these choices are thought to be associated with a trade-off between the 

aim to collect as much information as possible on the one hand, and the risk of compromising 

data quantity and quality as a result of the intensive assessment on the other (Arslan, Reitz, 

Driebe, Gerlach, & Penke 2019; May, Junghaenel, Ono, & Stone, 2018). Yet, methodological 

research into the effects of different design choices on data quantity and quality is sparse, 

which means that there is currently insufficient empirical evidence to base design decisions on 

(Himmelstein, Woods, & Wright, 2019). 

Two central design choices in every ESM study are the sampling frequency (i.e., the 

number of assessments or ‘beeps’ per day) and the questionnaire length, which has varied 

from 1 to more than 50 beeps per day and 1 to 135 items per beep in previous studies (Ebner-

Priemer & Sawitzki, 2007; Morren, Dulmen, Ouwerkerk, & Bensing, 2009; Ono, Schneider, 

Junghaenel, & Stone, 2019; Vachon, Viechtbauer, Rintala, & Myin-Germeys, 2019). The 

unknown time course of many phenomena calls for high sampling frequencies (Collins & 

Graham, 2002). Likewise, reliability concerns with scales of less than three items (Shrout & 

Lane, 2012) and the wish to gather as much potentially relevant information as possible call 

for long questionnaires. However, both higher sampling frequencies and longer questionnaires 
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are thought to increase the perceived burden experienced by study participants (Trull & 

Ebner-Priemer, 2020; Shiffman, Stone, & Hufford, 2008; Piasecki, Hufford, Solhan, & Trull, 

2007), which in turn is expected to lead to reduced data quantity and quality (Fuller-

Tyszkiewicz et al., 2013; Santangelo, Ebner-Priemer, & Trull, 2013). In particular, the 

quantity and quality of the data collected in ESM studies depends on the participants’ 

compliance to the protocol. When experiencing the protocol as overly burdensome, 

participants might refrain from responding to the assessments leading to a reduction in data 

quantity (Stone et al., 2003). If this noncompliance is systematic (i.e., associated with certain 

states), it can lead to biases in the data that cannot always be corrected for post hoc, thereby 

compromising data quality (Courvoisier, Eid, & Lischetzke, 2012). 

Besides not responding, participants might also engage in more subtle behaviors to 

reduce burden, such as responding carelessly (Jones et al., 2018). Careless responding is 

defined as responding without paying sufficient attention to the questions (Meade & Craig, 

2012). While this is a well-established problem in cross-sectional research (Meade & Craig, 

2012), this threat to data quality has received relatively little attention in the ESM literature 

which has long focused on noncompliance as the sole measure of data quality (for recent 

exceptions, see van Berkel et al., 2018, 2019). Since careless responding can lead to bias 

and/or increased measurement error, it is important to also examine its prevalence and to 

consider steps to reduce or eliminate its occurrence. 

Sampling frequency 

The relationship between sampling frequency, perceived burden, data quantity, and 

data quality has been the topic of several investigations. Surprisingly, studies that manipulated 

sampling frequencies have not found support for the expected decrease in compliance with 

higher frequencies. In one study, 85 students responded to 20 beeps (six items) either within 1 
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day or within 2 days (Walsh & Brinker, 2016). The groups did not differ in terms of 

compliance, completeness of responses, or response delays. In a study that included measures 

of perceived burden, 91 chronic pain patients were randomly assigned to receive either three, 

six, or 12 beeps per day (up to 19 items depending on the branching) for 14 days or to a no 

ESM control group (Stone et al., 2003). Higher frequencies were not associated with changes 

in compliance, but with increases in perceived burden. Finally, two studies reported no 

differences in compliance but found that higher frequencies were associated with lower 

response latencies. In one of these studies, 162 participants were randomly assigned to report 

on their happiness with three items either one, three, or six times daily for 13 days (Conner & 

Reid, 2012). In a second study, McCarthy and colleagues (2015) had 110 smokers, who were 

trying to quit, respond to either one or six daily questionnaires (containing a maximum of 28 

items) for 4 weeks. Meta-analyses and a pooled data-analysis have also not found support for 

the influence of sampling frequency on compliance (Jones et al., 2018; Morren et al., 2009; 

Ono et al., 2019; Soyster, Bosley, Reeves, Altman, & Fisher, 2019). However, a recent meta-

analysis of ESM studies in the field of psychopathology did observe a significant negative 

association between assessment frequency and compliance (Vachon et al., 2019). 

Questionnaire length 

In traditional cross-sectional assessments, longer questionnaires have been found to be 

associated with increased perceived burden (Rolstad, Adler, & Ryden, 2011), lower 

participation, and changes in data quality (Galesic & Bosnjak, 2009). To our knowledge, only 

one pilot study has compared different questionnaire lengths in ESM (Intille, Haynes, Maniar, 

Ponnada, & Manjourides, 2016). In this investigation, 33 participants completed either ESM 

assessments on a phone six times a day (6 items) or micro-interactions (1 item) on a 

smartwatch for 4 weeks. Participants receiving micro-interactions had higher compliance and 

reported fewer distractions, but also experienced the assessments as more disruptive. This 
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suggests that a high assessment frequency with a short questionnaire might lead to higher data 

quantity and possibly quality than a longer questionnaire with a lower frequency. However, 

since frequency, length, answer options of questions, and assessment mode (phone vs 

smartwatch) were all manipulated simultaneously, it is not possible to disentangle what 

exactly caused the group differences. Moreover, meta-analyses on predictors of compliance 

have come to varying conclusions. While Morren and colleagues (2009) found that shorter 

questionnaires were associated with better compliance, two pooled data analyses (Rintala, 

Wampers, Myin-Germeys, & Viechtbauer, 2018; Soyster et al., 2019) and other meta-

analyses have not detected an association between questionnaire length and compliance 

(Jones et al., 2018; Ono et al., 2019; Vachon et al., 2019). However, findings from these 

analyses have to be interpreted cautiously, since they faced limitations such as low variability 

in included questionnaire lengths (Rintala et al., 2018) and lack of sufficient information on 

questionnaire length or compliance in reviewed articles (Jones et al., 2018; Ono et al., 2019; 

Vachon et al., 2019). 

The current study 

The aim of the current investigation was to test how sampling frequency and 

questionnaire length influence a) perceived burden, b) compliance, and c) careless 

responding. We expected that a higher frequency and longer questionnaire would be 

associated with higher reported burden, lower compliance, and increased careless responding. 

Additionally, we expected that questionnaire length would moderate the effect of sampling 

frequency on perceived burden, compliance, and careless responding (i.e., the effects of 

higher sampling frequencies become stronger with longer questionnaires). Specifically, we 

thought that participants would be able to tolerate frequent measures relatively well when the 

questionnaire was short, but that the combination of frequent sampling and a long 

questionnaire would overburden participants and lead to a stronger drop in data quality and 



7 
BURDEN, COMPLIANCE & CARELESS RESPONDING IN ESM DATA 

quantity. Furthermore, the effects of more intensive measurements on perceived burden, 

compliance, and careless responding were expected to strengthen over time. Specifically, 

participants were expected to initially try to adhere even to intensive protocols, but that as the 

study progresses this initial motivation would wear off, participants would feel increasingly 

burdened by too intensive protocols and data quality and quantity would decline. This 

hypothesis was based on previous research where declines in compliance over time have been 

repeatedly observed (e.g., Courvoisier et al., 2012; Forkmann, Spangenberg, Hallensleben, 

Hegerl, & Kersting, 2018; Rintala et al., 2018; Silvia et al., 2013). There has been less 

research into changes in momentary burden or data quality over time but reported momentary 

burden has been found to increase over time (Rintala, Wampers, Lafit, Myin-Germeys, & 

Viechtbauer, 2020) and proxies of data quality have been found to decrease over time in some 

cases (e.g., Reynolds, Robles, & Repetti, 2015; van Berkel et al., 2019). In line with most 

previous studies, we also expected that there would be a decline in all measures of data 

quality and quantity in all groups, however, this hypothesis was not preregistered. The 

remaining hypotheses and analyses were preregistered. 

Method 

Sample 

Participants were required to be Dutch-speaking, between 18 and 30 years old, and 

currently enrolled as a student at a university. Additionally, they could not have previously 

taken part in an ESM study. Participants were recruited by advertisements on social media 

and on campus sites. Based on power calculations, a sample of 25 participants per group was 

deemed sufficient, adding up to a total of 150 participants. We estimated power using a Monte 

Carlo based simulation approach to compare compliance between the groups (code is 

included on the OSF page 

https://osf.io/pzx8r/?view_only=7afaed46a9b24ebcbf4e8947644015e8). The power analysis 
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was focused on the two main effects of interest (beep frequency and questionnaire length) and 

assumed average compliance rates of 80%, 70%, and 60% for the three, six, and nine-beep 

conditions for the short version of the questionnaire and 70%, 60%, and 50% for the long 

version of the questionnaire (and standard deviations of 1.0 and 0.6 for the between-person 

and between-day logit-transformed compliance proportions; these SD values were based on 

prior studies conducted by our research group). In the absence of previous work to retrieve an 

expected effect size, these differences in compliance rates were considered sufficiently large 

to be practically important. Based on the simulated conditions, power was 98% for the beep 

frequency and 76% for the questionnaire length effect. Power might be lower for other 

analyses.  

Procedure 

All study procedures were approved by the Social and Societal Ethics Committee at 

the University of Leuven (KU Leuven), Belgium. After providing informed consent, 

participants were randomly assigned to one of the six experimental conditions (30- or 60-item 

questionnaire, three, six, or nine times per day) and asked to fill out a number of baseline 

questionnaires (not relevant for the purpose of this study). During this visit, participants were 

briefed individually for approximately 20 minutes about the ESM procedure following a 

standardized protocol which is included in the preregistration. As determined by the 

randomization procedure, participants were told how many times per day they would be 

signaled to complete the questionnaire and how much money they would receive for their 

participation. The time frames and answer options of items of the questionnaire (short or long 

depending on condition) were explained and items with higher complexity were paraphrased 

in a standardized way. Participants were asked to fill in the questionnaire on the study phone 

once to practice. An ESM testing period of 14 days was then started on the next day. On the 

day following the end of the ESM testing period, a second session was conducted during 
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which participants were asked to fill out the posttest questionnaires (more information below). 

A qualitative interview lasting approximately 10 minutes was conducted with a randomly 

chosen subsample of approximately 10 participants per condition. After the second session, 

participants received 40, 60, or 80 euros in form of gift vouchers depending on the number of 

beeps per day. We reduced the incentive to 25, 30, and 40 euros if they responded to less than 

a third of the beeps (this amount corresponds to the full payment for both lab sessions plus 

roughly a third of the payment for the ESM period) to avoid free riding. Participants were 

informed about a minimum compliance during the briefing, but never about the exact 

requirement, to avoid that this would lower their compliance. This choice was based on the 

experiences of researchers involved in setting up the current study and corresponds to the 

standard procedure implemented in ESM studies in our center. The exact instructions given to 

participants can be found on the OSF page of this project. Testing was performed between 

February and July 2019. 

ESM protocol & experimental manipulation 

The ESM period lasted 14 days and was signal contingent. Participants received three, 

six, or nine beeps per day, depending on the condition they had been assigned to during the 

baseline session. Beeps were semi-randomly spread between 9:00 am and 10:30 pm. 

Participants were randomly assigned to receive either a short (30 items with full branching) or 

long questionnaire (60 items with full branching) during the study (see supplementary 

materials). Both questionnaires were designed to resemble typically employed ESM 

questionnaires, with items about cognitions, emotions, and context. Items were always 

presented in the same order and it was not possible to skip items. Participants received a 

smartphone (Motorola DEFY+) with the app mobileQ (Meers, Dejonckheere, Kalokerinos, 

Rummens, & Kuppens, 2020) installed on it for the duration of the study. The phone beeped 

and/or vibrated (this could be customized by the participant depending on circumstances) for 
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90 seconds or until the participant started filling in the questionnaire. If the questionnaire was 

not started within this time frame, it became unavailable. Once participants started filling in 

the questionnaire, they had a maximum of 90 seconds to answer each question. Again, if no 

response was received within this time frame, the questionnaire was terminated. 

Measures1 

Time invariant variables 

Demographics. Gender and age were assessed at baseline. 

Questionnaire length. A factor was used to indicate the questionnaire length, with the value 1 

for the short questionnaire and 2 for the long questionnaire. 

Sampling frequency. A factor was used to indicate the sampling frequency, with the value 1, 

2, and 3 corresponding to the three, six, and nine beeps per day conditions, respectively. 

Retrospective perceived burden and related aspects. We assessed the experience of taking 

part in the study with 16 items that were partly based on the experience sampling feasibility 

questionnaire (Edwards, Cella, Tarrier, & Wykes, 2016). The items were divided into four 

thematic subscales: burden (e.g., “I found it stressful to use the app.”), ease of use (e.g., “The 

questionnaires on the phone were easy to complete.”), instructions (e.g., “The training I 

received at the beginning of the study was adequate to use the app for two weeks.”), and 

reward (“How much money do you find appropriate to receive for the participation in this 

study?”). We calculated means of the items for subscales 1-3 (ω = 0.76, 0.60, and 0.32, 

respectively). The full questionnaire in Dutch and an English translation are provided in the 

supplementary materials.  

                                                           
1 Only measures used in the current investigation are discussed. For an overview of the full questionnaire battery, 

we refer the reader to the OSF page of this project 
(https://osf.io/pzx8r/?view_only=7afaed46a9b24ebcbf4e8947644015e8). 

https://osf.io/pzx8r/?view_only=7afaed46a9b24ebcbf4e8947644015e8
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Retrospective reported careless responding. Retrospective careless responding was measured 

with three items (“I didn’t pay much attention to what the questions actually meant”; “I filled 

out the questions without thinking about myself”; and “I responded carelessly to the 

questions”; adapted from Huang, Curran, Keeney, Poposki, & DeShon, 2012) of which we 

calculated a mean (ω = 0.71). The answer options of these questions ranged from 1- never to 

7- always on a seven-point Likert-type scale. The Dutch items can be found in the 

supplementary materials.  

Time variant variables 

Day number. Study day was coded numerically, ranging from 0 to 13. 

Beep. A ‘beep block’ variable was coded, ranging from 0 to 8. In the nine-beep condition, the 

beeps within a day were simply numbered from 0 to 8. In the three- and six-beep conditions, 

beeps were assigned the number of the nine-beep condition interval that they fell in (e.g., a 

beep in the three-beep condition delivered at 12:05 was assigned the number 2 because it falls 

into the time window where the third beep of the nine-beep condition would be triggered). 

Momentary perceived burden. Burden was measured by taking the mean of the two items 

assessing burden at every beep (“Filling in the questionnaire took effort” and “This beep 

disturbed me”; Cronbach’s alpha was 0.78 for person means and 0.53 for deviations from 

these means). Both items were rated on a 7-point Likert-type scale (ranging from “Not at all” 

to “Very much”). 

Compliance. Compliance at the beep level was defined as having responded to the last item of 

the ESM questionnaire (coded 1 for ‘yes’ and 0 for ‘no’). In cases of pervasive technical 

problems, missing data was coded as missing instead of noncompliant, as described in the 

analysis section. 
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Momentary reported careless responding. Momentary reported careless responding was 

assessed with one item (“I filled in the questions attentively”). This question was rated on a 7-

point Likert-type scale. 

Momentary objective careless responding / Instructed response item. Momentary objective 

careless responding was assessed once on day 3, 6, 9, and 12 by including an additional item 

in the questionnaire that simply instructed participants to choose the 1 (“not at all”) option of 

a 7-point Likert-type scale (“Think back about what you were doing just before the beep. 

Please select answer option <not at all>”). This item was scored dichotomously (i.e., 1 if the 

“not at all” option was selected, 0 otherwise). To ensure that participants would not anticipate 

this data quality check, the item was not introduced during the briefing session and presented 

infrequently. 

Reasons for missing a beep. Reasons for missing a beep were assessed by asking participants 

whether they had missed the previous beep and to select all reasons that applied (“Did you, 

since the last questionnaire that you filled in, knowingly not react to a beep? (Yes/No) Why 

did you not react? Select all that applies: I could not respond (on time); I did not feel like 

responding; I was too stressed to respond; I felt disturbed by the beep; Other”). 

Analyses 

Analyses were performed in R (version 3.6.1; R core team, 2019), with the lme4 

(version 1.1-21; Bates, Maechler, Bolker, & Walker, 2015), psych (version 1.8.12; Revelle, 

2018), data.table (version 1.12.2; Dowle & Srinivasan, 2019), and car (version 3.0-3; Fox & 

Weisberg, 2019) packages. The analyses were preregistered 

(https://osf.io/pzx8r/?view_only=7afaed46a9b24ebcbf4e8947644015e8). Minor deviations 

from the preregistered R code are documented in the supplementary materials. 
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Unless otherwise stated, 3-level (logistic) regression models were used for momentary 

outcomes with measurements at level 1, day at level 2, and persons at level 3. Random 

intercepts were included at the person level, for day number nested in person, and for beep 

block nested in person (i.e., as crossed random effects for the latter two). To test the main 

effect of questionnaire length and sampling frequency, both were added as factors to the 

model. Then, an interaction between questionnaire length and sampling frequency was added 

to the model. Finally, the model (excluding the interaction between questionnaire length and 

sampling frequency) was extended by adding day number as a time variant predictor and 

allowing it to interact with the questionnaire length and sampling frequency factors. A 

random slope for day number was also added to the model. We also conducted a test of the 

main effect of day number in a model excluding the interaction between day number and 

length and day number and frequency (not preregistered). Wald-type (chi-square or F) tests 

were conducted for the fixed effects. Retrospective outcomes were analyzed with two-way 

ANOVAs which included questionnaire length and sampling frequency as factors. In a second 

step, the model was extended with the interaction term of questionnaire length and sampling 

frequency. In the multilevel logistic regression model for compliance, gender was included as 

an additional control variable in all steps. Gender has repeatedly been found to predict 

compliance (Rintala et al., 2018; Silvia et al., 2013; Sokolovsky et al., 2014). It was therefore 

added to the model to avoid that unequal gender distributions across groups would distort the 

effects of the sampling protocol.  Objective momentary careless responding was analyzed 

with a multilevel regression model as described above, with the exception that the effect of 

day number was not investigated. Day number was rescaled by dividing it by 13 prior to the 

analyses to avoid very small coefficients that can lead to model nonconvergence. Rescaling 

variables does not influence the significance level of coefficients in the models. The 
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coefficients and standard errors reported were transformed back to the original scale of the 

day number variable to facilitate their interpretation. 

Missing data 

Participants that missed more than one but not more than all data points on one day 

due to a communicated technical problem were included in all analyses. The data missing due 

to the technical problem was indicated as missing (as opposed to noncompliant) in the 

compliance analysis. Participants who missed more than 1 full day of data due to a technical 

problem were included in all analyses of momentary outcomes until the day of the technical 

problem that led to more than one day of data loss. All data beyond this point was indicated as 

missing. Participants for whom the time on the phone was off by at least 1 hour were 

excluded from the analyses. These choices were made during data collection and were 

admittedly arbitrary. The reasoning was that more than 1 day of missing data or a disruptive 

timing of the beeps would distort the experience of taking part in the ESM study. Less 

intrusive technical problems and other forms of missing data were considered an integral part 

of an ESM study and therefore handled as noncompliant in the analyses. 

Results 

Sample characteristics 

Of the 163 participants that took part in the baseline session, three participants had to 

be excluded because they were not currently enrolled as students and two dropped out during 

the ESM period. Both drop-outs had been randomized into the highest intensity condition 

(nine beeps & long questionnaire). In both cases, the high time investment was given as 

reason for early termination. Furthermore, two participants were excluded from all analyses 

because the time on their study phone was found to be off by more than one hour at follow-

up, which led to the beeps being delivered at wrong times. Demographic characteristics of the 
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remaining sample are reported in Table 1. Four participants missed more than a full day of 

data each because of technical problems and were therefore excluded from the analyses of 

follow-up outcomes (for two participants the battery of the phone broke and for two 

participants the time of the phone was reset for unknown reasons, which led to beeps not 

being delivered). One participant failed to meet the minimum compliance requirement (less 

than one third of the scheduled ESM questionnaires were started) but was included in the 

analyses. Analyses were repeated excluding this outlier (conclusions remained unchanged, 

except where noted). Due to missing values on individual variables the sample sizes varied 

slightly per analysis and are stated in the results tables. 

Momentary burden 

As hypothesized, the longer questionnaire was associated with significantly higher 

average momentary reported burden than the short version (χ2 (1) = 22.33, p < .001). When all 

frequency groups are pooled together, the 60-item questionnaire was estimated to lead to a 

0.62 point increase (on a seven-point scale) in momentary burden compared to the 30 items 

questionnaire. However, in contrast to our hypotheses, momentary burden did not vary as a 

function of sampling frequency (χ2 (2) = 2.19, p = .33). There was also no significant 

interaction between sampling frequency and questionnaire length (χ2 (2) = 0.25, p = .88). 

Additionally, momentary burden was not found to increase over time (χ2 (1) = 0.14, p = .70) 

and the main effects of questionnaire length (χ2 (1) = 0.22, p = .64) and sampling frequency 

did not change over time either (χ2 (2) = 5.10, p = .08). For more details, see Table 3. 

Retrospective burden and related aspects 

A similar pattern emerged for retrospective burden which was found to be higher in 

participants who had received the long questionnaire (F(1, 146) = 12.92, p < .001). When all 

frequency groups were pooled together, this resulted in a mean burden of 2.17 (SD = 0.82) in 
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the long questionnaire group as opposed to 1.71 (SD = 0.74) in the short questionnaire group. 

There were no significant differences based on different sampling frequencies (F(2, 146) = 

1.76, p = .18), nor was there a significant interaction between sampling frequency and 

questionnaire length (F(2, 144) = 0.25, p = .78). No significant group differences based on 

questionnaire length, sampling frequency, or their interaction could be detected for the ease of 

use subscale (F(1, 147) = 1.04, p = .31; F(2, 147) = 0.18, p = .83; F(2, 145) = 1.12, p = .33). 

For the instructions subscale, there were no significant group differences based on 

questionnaire length (F(1, 148) = 0.02, p = .89) or sampling frequency (F(2, 148) = 2.60, p = 

.08). However, there was a significant interaction effect between sampling frequency and 

questionnaire length on the instructions subscale (F(1, 146) = 3.57, p = .031). Post hoc tests 

indicated that the effect of length was significantly different in the six-beep compared to the 

three-beep condition (F(1, 146) = 4.09, p = 0.045)2 and to the nine-beep condition (F(1,146) = 

6.38, p = 0.013). No significant difference between the three- and the nine-beep condition was 

found (F(1, 146) = 0.26, p = .61). Participants in the six-beep condition with the long 

questionnaire reported less satisfaction with the instructions than participants who had 

received the short questionnaire. For three and nine beeps, the opposite pattern was found, 

with participants receiving the long questionnaire reporting higher satisfaction with the 

instructions (see Table 1 for the means per group). The reward that was considered 

appropriate differed in expected ways with participants in higher sampling frequency 

conditions reporting a higher reward (F(2, 137) = 24.29, p < .001). Post hoc tests indicated 

that all group differences were significant (3 vs 6: F(1,137) = 7.41, p = 0.007; 3 vs 9: F(1,137) 

= 47.50, p < .001; 6 vs 9: F(1,137) = 18.29, p < .001). Participants in the three beep group 

indicated on average that a reward of 48.61 euro (SD = 12.66) would be appropriate, as 

opposed to 57.45 (SD = 13.30) and 71.46 (SD = 20.53) in the six and nine beep groups, 

                                                           
2 Excluding the outlier (the one participant who failed to meet the minimum compliance requirement) resulted in 

a non-significant difference between the six and the three beep groups. 
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respectively. No significant effect of questionnaire length was observable, indicating that 

participants receiving the longer questionnaire did not indicate a higher appropriate reward 

than participants in the short questionnaire conditions (F(1, 137) = 0.78, p = .38). There was 

also no significant interaction effect between questionnaire length and sampling frequency 

(F(2, 135) = 1.38, p = .25). The distribution of responses per group are reported in Table 1, 

the results of all analyses of retrospective outcomes are reported in Table 2. 

Compliance 

We found that, in line with our expectations, compliance was significantly lower in the 

long questionnaire conditions (χ2 (1) = 6.06, p = .014). Based on the log odds ratios reported 

in Table 4, predicted probabilities of compliance can be calculated for different combinations 

of gender, frequency, and length. For example, the estimated probability of compliance for a 

female participant in the short questionnaire three beep group was 89% (= exp[2.05] / [1 + 

exp(2.05)]). The estimated probability of compliance of a female participant with three beeps 

but the long questionnaire was lower, namely 84% (= exp[2.05 – 0.36] / [1 + exp(2.05 – 

0.36)]).  Contrary to our expectations, no significant effect of sampling frequency could be 

detected (χ2 (2) = 1.07, p = .59) and there was no significant interaction between length and 

frequency (χ2 (2) = 1.98, p = .37). Compliance was found to decrease over time (χ2 (1) = 

40.30, p < .001). To illustrate, the estimated probability of compliance of a female participant 

receiving the short questionnaire three times per day was 91% (= exp[2.34 – 0 * 0.05] / [1 + 

exp(2.34 – 0 * 0.05)]) on day 1 of the study which dropped to 84% (= exp[2.34 – 13 * 0.05] / 

[1 + exp(2.34 – 13 * 0.05)]) on the 14th day. The effects of length (χ2 (1) = 1.02, p = .31) and 

frequency did not change over time (χ2 (2) = 0.42, p = .81). Results can be found in Table 4. 

As noted in the method section, all questionnaires that were not completed until the last item 

were counted as non-compliant. The average prevalence of partially completed questionnaires 
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(i.e., when a participant responded to the first item, but not to the last item) varied from 2% to 

5% between the experimental groups (see Table 1). 

Reported momentary careless responding 

Sampling frequency did not significantly predict momentary reported careless 

responding (χ2 (2) = 0.91, p = .64). However, in line with our hypotheses, participants 

receiving the long questionnaire reported more careless responding than participants receiving 

the short version (χ2 (1) = 6.23, p = .013). Irrespective of sampling frequency, the 60-item 

questionnaire was associated with a decrease of 0.24 (on a seven-point scale) in attention paid 

to the questions compared with the 30-item questionnaire. There was also no significant 

interaction between sampling frequency and questionnaire length in predicting careless 

responding (χ2 (2) = 1.48, p = .48). There was no main effect of time, indicating that 

participants did not report higher careless responding over time (χ2 (1) = 2.42, p = .12). We 

did however observe a significant interaction between sampling frequency and time (χ2 (2) = 

7.09, p = .029). Post-hoc tests indicated that the effect of receiving nine beeps as opposed to 

three beeps became significantly less negative over time (χ2 (1) = 6.27, p = .012). In other 

words, on day 0, the nine beep group was associated with an expected decrease of 0.14 in 

attention paid to the questions compared to the three beep group, but this difference decreased 

with 0.03 every day in the study. After five days in the study, the nine beep group was 

associated with paying more attention compared to the three beep group. The effect of 

receiving a longer questionnaire did not change over time (χ2 (1) = 1.43, p = .23). For more 

details, see Table 5. 

Objective momentary careless responding 

Ten participants failed the directed response item at least once. Of these 10 participants, four 

provided a wrong response more than once, suggesting pervasive careless responding (two 
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had received the long questionnaire nine times per day, one the short questionnaire nine times 

per day, and the other one had received the short questionnaire six times per day). There were 

no significant group differences in objective careless responding. Specifically, careless 

responding did not depend on sampling frequency (χ2 (2) = .57, p = .75) or questionnaire 

length (χ2 (1) = 0.00, p = .96). However, it needs to be noted that the prevalence of objective 

careless responding was so low that we had low power to detect group differences. Results 

can be found in Table 6. In the model with the interaction between length and frequency, the 

absence of objective careless responding in some groups led to perfect separation. As a result, 

this model failed to converge and its parameters are therefore not reported. 

Retrospective careless responding 

The prevalence of retrospectively reported careless responding did not differ between 

different experimental groups, as indicated by the nonsignificant main effects of frequency, 

length, and their interaction (F(2, 148) = 1.04, p = .36; F(1, 148) = .08, p = .78; F(2, 146) = 

1.87, p = .16). The distribution of responses per group are reported in Table 1. 

Reasons for missing beeps 

Out of 2366 unanswered beeps, a reason for missing the beep was indicated at only 

273 of the subsequent beeps. In 70% of these cases participants indicated not being able to 

respond. The options of not wanting to respond, being too stressed to respond, perceiving the 

beep as burdensome, and not responding for another reason were endorsed less frequently (in 

5%, 7%, 14%, and 21% of the cases, respectively). The distribution of reasons was similar in 

the different groups and can be found in Table 7. 

Discussion 

The aim of the current study was to investigate the effects of sampling frequency and 

questionnaire length on perceived burden and measures of data quality and quantity. Our main 
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finding was that a longer ESM questionnaire was associated with more momentary and 

retrospective perceived burden, lower compliance, and higher momentary reported careless 

responding compared to a shorter questionnaire whereas sampling frequency was not 

associated with differences in the outcomes. To our knowledge, this is the first experimental 

study that isolated the effect of questionnaire length on burden and different aspects of data 

quality and quantity in ESM. Questionnaires in ESM studies show a wide variation in the 

number of items (Morren et al., 2009; Vachon et al., 2019; Ono et al., 2019). The current 

results suggest that these variations in questionnaire lengths can have a measurable impact on 

burden, data quality, and quantity. Most previous analyses have failed to find an association 

between questionnaire length and compliance (Jones et al., 2018; Ono et al., 2019; Soyster et 

al., 2019; Vachon et al., 2019), however some of these findings were limited by the 

availability of information on full questionnaire lengths. Moreover, previous non-

experimental findings were limited by the fact that researchers typically adapt design 

characteristics to each other (e.g., longer questionnaire combined with lower frequency). 

While these analyses did control for the effects of some other design characteristics of the 

included studies, more subtle aspects (such as the detail of instructions, which might be 

adapted to the protocol intensity in individual studies) were not included. The current results 

indicate that when all other study parameters are kept constant, increasing the questionnaire 

length can have detrimental effects on the collected data. Interestingly, only one of three 

measures of careless responding was found to be affected by questionnaire length. The 

prevalence of objective careless responding was low, with 19 out of 528 cases. The power to 

detect group differences in this analysis was therefore low, which could explain the absence 

of a significant effect. It is also possible that the three measures tap into different underlying 

constructs. In line with this, previous research has found only low to moderate correlations 

between objective and self-report measures of careless responding (Meade & Craig, 2012). 
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Compared to the retrospective measure of reported careless responding, the momentary 

measure allowed reducing measurement error through repeated assessments and the 

assessment in the moment limited distortions by recall bias. This may also explain the 

different results obtained with these two self-report measures.  

Contrary to our hypotheses, no consistent relationships between sampling frequency 

and measures of burden, data quantity, and quality could be detected. Our study thereby 

replicated previous findings indicating the absence of an effect of sampling frequency on 

compliance (Conner & Reid, 2017; Jones et al., 2018; McCarthy et al., 2015; Morren et al., 

2009; Ono et al., 2019; Soyster et al., 2019; Stone et al., 2003; Walsh & Brinker, 2016).In the 

short questionnaire conditions, compliance was higher with higher sampling frequencies. 

Although these differences in compliance did not reach statistical significance, this pattern is 

in line with a previous study that found lower compliance to be associated with longer inter 

beep intervals (Sokolovsky, Mermelstein, & Hedeker, 2014). In contrast with the study by 

Stone and colleagues (2003), we did not detect differences in perceived burden between the 

different sampling frequency groups. Interestingly, momentary burden was the highest in the 

three-beep conditions. This could indicate that frequent beeps might even be perceived as less 

burdensome in some cases, possibly because the higher predictability allows participants to 

better integrate the measures into their daily routine (as has previously been suggested in 

Janssens et al., 2018). This strongly contrasts with previous studies, where participants 

expressed a preference for lower sampling frequencies (Rosenkranz et al, 2020; Spook et al., 

2013). It is possible that the effect of sampling frequency was canceled out by the increased 

motivation due to the higher incentive. However, the payment in our study was adapted to the 

time investment for participants, which is typically required by ethical committees. It is 

therefore usually not possible to manipulate sampling frequency without simultaneously 

adapting the payment. It is also possible that participants were not disturbed by the higher 
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sampling frequencies because they are used to technology which relies on frequent short 

interruptions in the form of notifications. This is supported by high rates of social networking 

app use reported in young adults (Perrin & Anderson, 2019). 

The effect of sampling frequency was also not found to change depending on 

questionnaire length. All previous experimental studies examining different sampling 

frequencies employed relatively short questionnaires (three to 28 items), which left the 

possibility that sampling frequency would affect data quality and quantity when combined 

with longer questionnaires, as has previously been suggested (Intille et al., 2016; Walsh & 

Brinker, 2016; Piasecki et al., 2007). While our results do not support this hypothesis, it needs 

to be noted that our study had low power for tests of interactions. Although no clear effects of 

frequency were apparent, the two drop-outs had received the most intensive ESM protocol. 

Additionally, compliance was lowest in this condition and below the 80% threshold, which 

has previously been suggested as a minimum mark for representativeness of data (Jones et al., 

2018). Two of the four consistent careless responders were also in the nine-beep, long 

questionnaire condition. Taken together, there is some indication that the combination of a 

high sampling frequency with a long questionnaire may be detrimental for at least part of the 

participants, while no such signs were apparent when the short questionnaire was 

administered nine times per day. 

The effects of frequency and length were not found to change over time. However, the 

observed decrease in compliance over time across all groups is in line with previous work 

(Silvia, Kwapil, Eddington, & Brown, 2013; Rintala et al., 2018; Forkmann et al., 2018; Ono 

et al., 2019). Surprisingly, the included measures of burden and momentary reported careless 

responding were not changing over the time of the study. Similar results were found in a 

previous study, where decreases in compliance and variances over time were not associated 

with changes in associations between variables, suggesting that quantity, but not quality of 
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data declines over time (Fuller-Tyszkiewicz et al., 2013).We expected that as the study 

progressed, participants would experience the protocol as increasingly burdensome. In follow-

up interviews, some participants indeed mentioned a calibration period of several days after 

which their experience of taking part in the study stabilized. Interestingly, some participants 

reported an increase in burden after this initial period (i.e., the first excitement wore off and 

questions became boring), while others reported a decrease (i.e., they got used to the beeps). 

These heterogeneous experiences might explain why no overall change in burden could be 

detected over time. In line with this assumption, a model including a random effect of day 

number fitted significantly better than a model without this term, indicating significant 

heterogeneity in the changes in momentary burden over time (χ2 (2) = 103.51, p < .001). 

The prevalence of careless responding was low, both when relying on participants’ 

reports and on an objective test. We found that the median response to the momentary 

subjective careless responding item was 6 out of 7 (with 7 indicating paying full attention) 

and 1 or below out of 6 (with 6 indicating always responding carelessly) for retrospective 

careless responding in all the groups. Only 3.6% of all responses to the objective test were 

wrong, which is at the lower end of base rates of careless responding found in cross-sectional 

studies (Meade & Craig, 2012). However, we did detect that four participants repeatedly 

failed these basic attention checks, even though participants were warned about data quality 

checks during the briefing. Previous research has indicated that a small part of participants 

may misunderstand such objective measures of careless responding and that a wrong answer 

on such an item may not always indicate actual carelessness (Kim, McCabe, Yamasaki, 

Louie, & King, 2018). Indeed, several participants in the current study noted during follow-up 

interviews that they were confused/surprised by the objective measure of careless responding 

that had not been introduced during the briefing session. Nevertheless, all these participants 

reported selecting the right response, which offers some support that the item functioned as 
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intended in the current study. The item was only included four times per participant, and it is 

possible that the prevalence of careless responding was underestimated. However, more 

frequent presentations of such an instructed response item may bring their own problems, as 

participants may start looking out for these items. Another consideration is that attention 

checks might make participants aware that accuracy is monitored and therefore increase data 

quality. It might therefore be advisable to include data quality checks in future studies, despite 

the relatively low prevalence detected in the current sample. 

Even though the long questionnaire was perceived as more burdensome than the 

shorter version, participants did not indicate a higher appropriate reward. Participants seemed 

to base their ratings on the reward they actually received, which was adapted to the sampling 

frequency. The average rewards indicated by participants in the six-and nine-beep conditions 

were lower than what they received, indicating that participants might have been overpaid. 

This study was the first to our knowledge to test an ESM item about reasons for 

missing beeps. A first interesting finding was that the use of the item was relatively 

infrequent, indicating that either most beeps were missed without the participant noticing, or 

that participants typically missed several beeps in a row. Both cases were described by 

participants during follow-up interviews. Another possibility is that participants were not fully 

honest when answering whether they had heard the missed beep. The prevalence of partially 

completed questionnaires may also partly explain the discrepancy between the number of 

non-compliant beeps and the number of times reasons for not responding were given. Since in 

cases of partial compliance participants had started the questionnaire, it seems unlikely that 

they would indicate not having responded to these beeps. When looking at the reasons, we 

found that participants mostly felt that they were not able to answer (on time). Few 

participants indicated not wanting to respond. However, it is possible that these results were 

influenced by social desirability and that actual prevalence of not wanting to respond was 
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higher. A future study could assess the activity at the time of missing the beep, which could 

further inform about whether noncompliance is systematic. It may also be helpful to include a 

function in the app that informs participants about missed beeps and then inquires about the 

circumstances. 

Limitations 

Several limitations need to be considered when interpreting the current findings. First, 

our aim was to include the same topics in the short and long questionnaire. However, this led 

to more repetitiveness in the long questionnaire, since individual constructs were assessed 

with more items than in the short version (e.g., positive affect was assessed with four items in 

the short questionnaire and nine items in the long questionnaire). This might have amplified 

the effect of questionnaire length, since the questionnaire was not only longer but also more 

repetitive. More variation in item topics or presentation may reduce the effect of questionnaire 

length. Another limitation is the composition of our sample, which was restricted to young 

students and it is unclear to what extent the results will generalize to other populations. It is 

for instance possible that the influence of the sampling protocol on burden and related 

changes in data quality and quantity is stronger in some clinical populations. However, since 

many ESM studies are conducted in comparable populations, we believe that our findings can 

be applied to these groups. Yet, the derived guidelines cannot replace the evaluation of 

measurements for every new study, as we expect burden and data quantity and quality to 

largely depend on the specific sample. Additionally, our study was powered for the main 

effects of frequency and length on compliance and power was lower for interactions. It also 

needs to be noted that the internal consistency of the instruction subscale was relatively low 

(ω = .32), suggesting that the items were assessing distinct aspects related to the instructions 

and were only weakly correlated. Finally, previous studies have detected signs of increased 

measurement reactivity with higher sampling frequencies (Conner & Reid, 2012; McCarthy et 
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al., 2015). This is, next to noncompliance and careless responding, another way by which 

ESM data could be biased that we did not examine in the current analysis. 

Recommendations & future research 

Based on the current findings, we recommend that future ESM studies should aim to 

limit the number of items in ESM questionnaires. Thirty items achieved high compliance even 

with high sampling rates, while 60 items led to a significant increase in burden and decrease 

in data quality and quantity. It is not possible to tell, based on the current findings, after which 

number of items these changes occur exactly. Given the absence of consistent effects of 

higher sampling frequencies on the outcomes, high sampling frequencies seem preferable, 

since they offer more fine grained information. This is especially relevant for researchers 

planning to conduct lagged analyses, where effects might not be detectable when the temporal 

resolution of the ESM data is too low. Researchers could also consider the use of planned 

missing-data designs to shorten their questionnaires (Silvia et al., 2013). Another interesting 

avenue for future investigations is to look at alternative indices of careless responding or other 

aspects of data quality (e.g., within-person variance [Fuller-Tyszkiewicz et al., 2013; Vachon 

et al., 2016] and response times [McCabe, Mack, & Fleeson, 2012; van Berkel et al., 2019]). 

In the current study, we manipulated two central design aspects of ESM studies. There are, 

however, many other design choices that could possibly affect burden, data quality, and 

quantity (e.g., the order of questions, the duration of the study, the briefing). Investigating the 

effects of even shorter questionnaires and other sampling frequencies than the ones included 

in the current study would also be an interesting avenue for future research. More systematic 

investigations into design characteristics influencing data quality and quantity in ESM studies 

are needed. It also remains to be investigated how different rewards affect participation (both 

who originally signs up and who completes the study), perceived burden, and data quality. 

Conclusion 
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The current study offered support for increased perceived burden, lower compliance, 

and increases in reported careless responding with longer ESM questionnaires. Sampling 

frequency did not have a consistent effect on burden and the included measures of data 

quantity and quality. The current results suggest that questionnaire length is an important 

design parameter to consider when setting up an ESM study. 
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Table 1. 

Sample characteristics and descriptives (for level 1 outcomes, descriptives of person-means are reported). 

Questionnaire length  Short Long 

Frequency  Three beeps Six beeps Nine beeps Three beeps Six beeps  Nine beeps 

N  27 25 25 26 25 28  

% Female   63% 72% 80% 85% 84% 89% 

Age a Mean (SD) 21.90 (1.98) 21.75 (1.97) 21.31 (1.59) 21.97 (1.54) 21.93 (1.93) 21.51 (1.68) 

Compliance  Mean (SD) 0.80 (0.17) 0.84 (0.11) 0.85 (0.08) 0.81 (0.14) 0.81 (0.12) 0.78 (0.12) 

 Median 0.86 0.88 0.86 0.80 0.87 0.78 

Partially compliant beeps Mean(SD) 0.03 (0.03) 0.02 (0.02) 0.02 (0.02) 0.05 (0.06) 0.03 (0.03) 0.04 (0.04) 

Momentary burden Mean (SD) 2.37 (0.72) 2.19 (0.66) 2.18 (0.74) 2.99 (0.84) 2.89 (1.09) 2.72 (0.83) 

 Median 2.21 2.24 2.04 2.79 2.74 2.65 

Momentary reported careless 

responding 
Mean (SD) 6.03 (0.57) 6.04 (0.67) 6.00 (0.56) 5.80 (0.78) 5.63 (0.49) 5.89 (0.54) 

 Median 6.07 6.07 5.96 5.81 5.74 5.88 

Momentary objective careless 

responding 
Mean (SD) 1.00 (0.00) 0.95 (0.20) 0.96 (0.12)  0.99 (0.07) 1.00 (0.00) 0.91 (0.25)  

Retrospective burden b Mean (SD) 1.58 (0.78) 1.62 (0.82) 1.94 (0.59) 2.11 (0.71) 2.13 (0.76) 2.27 (0.98) 

 Median 1.33 1.44 1.89 1.89 2.22 2.33 

Retrospective ease of use c Mean (SD) 2.24 (1.30) 1.88 (1.19) 2.36 (1.30) 2.42 (1.23) 2.48 (1.28) 2.22 (1.19) 

 Median 2.17 1.67 2 2.17 2.33 2.17 

Retrospective instructions a Mean (SD) 1.91 (0.88) 1.48 (0.59) 1.64 (0.66) 1.77 (0.61) 1.97 (1.04) 1.35 (0.82) 

 Median 1.67 1.33 1.67 1.67 1.67 1.17 

Retrospective reward d Mean (SD) 48.74 (11.94) 58.0 (12.48) 66.91 (17.83) 48.48 (13.60) 56.88 (14.36) 75.63 (22.28) 

Retrospective careless responding 
a 

Mean (SD) 0.87 (0.57) 0.84 (0.56) 1.17 (0.80) 0.87 (0.69) 1.16 (0.87) 0.96 (0.64) 

 Median 1 1 1 0.67 1 1 

Note. a N = 152; b N = 150; c N = 151; d N = 141. 
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Table 2. 

Results of ANOVAs for retrospective outcomes. 

 

Outcome Length Frequency Length* Frequency Significant group differences 

 F(dfLength, 

dfError) 

p F(dfFrequency, dfError) p F(dfLength * Frequency, dfError) p  

Retrospective burden 12.90 (1, 146) <.001 1.76 (2, 146) .18 0.25 (2, 144) .78 Short < long 

Retrospective ease of 

use 

1.04 (1, 147) .31 0.18 (2, 147) .83 1.12 (2, 145) .33  

Retrospective 

instructions 

0.02 (1, 148) .89 2.60 (2, 148) .08 3.57 (2, 146) .031 Six beeps * long > three beeps * long 

Six beeps * long > nine beeps * long 

 

Retrospective reward 0.78 (1, 137) .38 24.29 (2, 137) <.001 1.38 (2, 135) .26 Three beeps < six beeps < nine beeps 

Retrospective careless 

responding 

0.08 (1, 148) .78 1.04 (2, 148) .36 1.87 (2, 146) .16  

Notes. See Table 1 for the group means. Statistically significant (α = 0.05) p-values are marked in bold.  
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Table 3. 

Momentary burden. 

 Model 1 Model 2 Model 3 Model 4 

Predictor  β SE χ2 (1) p  β SE χ2 (1) p  β SE χ2 (1) p  β SE χ2 (1) p 

Fixed effects                 

Intercept 2.37 0.13 329.85 < .001 2.37 0.16 218.33 < .001 2.33 0.13 314.

45 
< .00

1 

2.28 0.14 265.54 < .001 

Length a 0.62 0.13 22.33 < .001 0.63 0.23 7.55 .006 0.61 0.13 22.2

1 
<.00

1 

0.59 0.14 17.99 < .001 

Frequency 2 b -0.14 0.16 0.72 .40 -0.17 0.23 0.57 .45 -0.12 0.16 0.59 .44 -0.08 0.17 0.24 .62 

Frequency 3 b -0.23 0.16 2.17 .14 -0.19 0.23 0.67 .41 -0.17 0.16 1.23 .27 -0.05  0.17 0.07 .79 

Length * Freq 

2 

    0.07 0.33 0.05 .82         

Length * Freq 

3 

    -0.09 0.32 0.08 .78         

Day number         0.00 0.01 0.14 .70 0.01 0.01 1.26 .26 

Day * Length             0.01 0.01 0.22 .64 

Day * Freq 2             -0.01 0.01 0.30 .58 

Day * Freq 3             -0.03 0.01 4.52 .034 

Random 

effects 

σ2    σ2    σ2    σ2    

Id:Day number 0.20    0.20    0.14    0.14    

Id:Beep block 0.04    0.04    0.04    0.04    

Id 0.63    0.64    0.64    0.64    

Day number         0.04    0.04    

Residual 1.04    1.04    1.04    1.04    

Note. N = 156; Number of observations = 10633. Statistically significant (α = 0.05) p-values are marked in bold. a Reference = short questionnaire. b Reference = 

three beeps; Frequency 2 and 3 stand for six and nine beeps, respectively. 

 

 

Table 4. 

Compliance.  
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 Model 1 Model 2  Model 3   Model 4 

Predictor  Log 

OR 

SE χ2 (1) p  Log 

OR 

SE χ2 (1) p  Log 

OR 

SE χ2 (1) p  Log 

OR 

SE χ2 (1) p 

Fixed effects                 

Intercept 2.05 0.16 162.4

6 
<.001 1.94 0.19 99.78 <.001 2.34 0.17 188.0

7 
<.001 2.26 0.20 132.2

5 
<.001 

Length a -0.36 0.15 6.06 .014 -0.13 0.26 0.27 .61  -0.35 0.15 5.76 .016 -0.26 0.17 2.42 .12 

Frequency 2 b 0.13 0.18 0.52 .47 0.20 0.25 0.66 .42 0.14 0.18 0.58 .44 0.22 0.22 0.97 .33 

Frequency 3 b -0.04 0.18 0.06 .81 0.20 0.25 0.67 .41 -0.04 0.18 0.05 .82 -0.01 0.21 0.00 .97 

Gender c -0.45 0.18  6.27 .012 -0.43 0.18 5.87 .015 -0.44 0.18 5.96 .015 -0.44 0.18 5.97 .015 

Length * Freq2     -0.15 0.36 0.17 .68         

Length * Freq3     -0.47 0.35 1.85 .17         

Day number         -0.05 0.01 40.30 <.001 -0.03 0.02 3.51 .06 

Day * Length             -0.01 0.01 1.02 .31 

Day * Freq 2             -0.01 0.02 0.39 .53 

Day * Freq 3              -0.01 0.02 0.08 .78 

Random effects σ2    σ2    σ2    σ2    

Id:Day number 0.28    0.28    0.25    0.25    

Id:Beep block 0.14    0.14    0.14    0.14    

Id 0.64    0.63    0.61    0.61    

Day number         0.00    0.00    

Note. N = 156; Number of observations = 12991. Statistically significant (α = 0.05) p-values are marked in bold. a Reference = short questionnaire. b Reference = 

three beeps; Frequency 2 and 3 stand for six and nine beeps, respectively. c Reference = female. 
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Table 5. 

Momentary reported careless responding.  

 Model 1 Model 2 Model 3 Model 4 

Predictor  β SE χ2 (1) p  β SE χ2 (1) p  β SE χ2 (1) p  β SE χ2 (1) p 

Fixed effects                 

Intercept 6.03 0.10 3852.6 <.001 6.03 0.12 2572.2 <.001 6.00 0.10 3619.

4 
<.001 6.04 0.11 3115.1 <.001 

Length a -0.24 0.10 6.23 .013 -0.23 0.17 1.89 .17 -0.23 0.10 5.73 .017 -0.18 0.11 2.87 .09 

Frequency 2 b -0.08 0.12 0.42 .52 -0.00 0.17 0.00 .98 -0.08 0.12 0.48 .49 -0.12 0.13 0.85 .36 

Frequency 3 b 0.03 0.12 0.08 .78 -0.03 0.17 0.04 .84 -0.00 0.12 0.00 .97 -0.14 0.13 1.17 .28 

Length * Freq 2     -0.17 0.24 0.47 .49         

Length * Freq 3     0.12 0.24 0.28 .60         

Day number         0.01 0.00 2.42 0.12 0.00 0.01 0.01 .94 

Day * Length             -0.01 0.01 1.43 .23 

Day * Freq 2             0.01 0.01 0.44 .51 

Day * Freq 3             0.03 0.01 6.27 .012 

Random effects σ2    σ2    σ2    σ2    

Id:Day number 0.09    0.09    0.06    0.06    

Id:Beep block 0.00    0.00    0.00    0.00    

Id 0.35    0.35    0.38    0.38    

Day number         0.03    0.02    

Residual 0.73    0.73    0.73    0.73    

Note. N = 156; Number of observations = 10627. Statistically significant (α = 0.05) p-values are marked in bold. a Reference = short questionnaire. b Reference = three 

beeps; Frequency 2 and 3 stand for six and nine beeps, respectively. 
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Table 6. 

Objective careless responding. 

 Model 1 Model 2: NA 

Predictor  Log OR SE χ2 (1) p  Log 

OR 

SE χ2 (1) p 

Fixed effects         

Intercept 11.33 3.35 11.43 < .001     

Length a -0.09 1.91 0.00 .96     

Frequency 2 b -1.04 3.51 0.09 .77     

Frequency 3 b -2.11 3.17 0.44 .51     

Length * Freq 2         

Length * Freq 3         

Random effects σ2        

Id 94.71        

Note. N = 156; Number of observations = 528. Model 2 failed to converge. Statistically 

significant (α = 0.05) p-values are marked in bold. a Reference = short questionnaire. b Reference 

= three beeps; Frequency 2 and 3 stand for six and nine beeps, respectively. 
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Table 7. 

Reasons for missing beeps per experimental condition.  
Questionnaire length Short   Long   

Frequency Three Beeps Six Beeps Nine Beeps Three Beeps Six Beeps Nine Beeps 

Number of observations 27 41 39 16 62 88 

I could not respond (on time) 0.78 0.59 0.64 0.88 0.65 0.77 

I did not feel like responding 0 0 0.03 0.06 0.11 0.06 

I was too stressed to respond 0.04 0.07 0.08 0.06 0.13 0.02 

I felt disturbed by the beep 0 0.27 0.05 0.06 0.18 0.14 

Other reason 0.30 0.27 0.33 0.06 0.15 0.17 

 

 

 

 

 

 


