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information processing (AIP).

Design: Preregistered online between-subjects experimental
study.

Methods: A total of 373 participants (65.4% female; mean
age 30.4years) were randomly allocated to view one of eight
EMA protocol mock-ups, each describing a food tracking
process verbally and using screenshots. Afterwards, they
rated the protocol in terms of its complexity (manipulation
check), AIP and its potential impact on eating-related
cognitions, intentions and eating behaviour change.
Results: The eight EMA protocols differed in perceived
complexity, that is protocols with more tracking features
were perceived as more complex compared to those with
fewer tracking features. EMA protocols that were perceived
to be more complex were also perceived to induce more AIP.
However, there were no differences in perceived impact on

eating-related cognitions, intentions and behaviour.
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Conclusions: Differences in complexity and usability may
influence compliance and study results. Researchers thus
need to carefully select the appropriate EMA protocol for
their study to balance the need for collected information
with the need for high compliance.
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Statement of Contribution

What is already known?

e Smartphone-based Ecological Momentary Assessment (EMA) is increasingly popular for
assessing diet.
* Taking part in these studies may influence study participants' eating behaviour.

What does this study add?

e Dietary EMA tools vary in complexity, depending on the number and type of recording
features.

* These differences are unlikely to differentially influence eating-related cognitions, intentions
and behaviours.

* Usability considerations may influence the choice of the most appropriate dietary EMA tool.

INTRODUCTION

Smartphone-based dietary assessment via Ecological Momentary Assessment (EMA) (Shiffman et al.,
2008) is becoming increasingly popular in health psychology and related fields to assess a range of health
behaviours (Ottenstein & Werner, 2022; Perski et al., 2022; Wrzus & Neubauer, 2023), including dietary
behaviours (Konig, van Emmenis, et al., 2022). It enables food intake in daily life to be assessed without
recall bias (Sharp & Allman-Farinelli, 2014), in relation to various determinants (Perski et al., 2022) and
across time, which may lead to more accurate measurement and more robust findings and subsequently
may advance psychological theories (Scholz, 2019).

A multitude of smartphone-based dietary assessment tools have been used in research that differ
substantially in the type and number of implemented features (Kénig, van Emmenis, et al., 2022). For
instance, some tools require participants to take photos (Koénig & Renner, 2018), some ask partici-
pants to search for individual food items in a database (Ambrosini et al., 2018) or through classifica-
tion systems (Biel et al., 2018; Elliston et al., 2017) and indicate portion sizes (Béjar et al., 2018; Jung
et al.,, 2020), and others ask for a free-text description of the food intake (Kénig & Renner, 2018, 2019).

These features require qualitatively different input. It could be hypothesized that they also exert
differential impact on participants' cognitions and behaviours while taking part in the study. Indeed,
prior research both in the context of surveys and intensive longitudinal assessments suggests that study
participants' behaviours, cognitions or emotions may change due to study participation, a phenomenon
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known as measurement reactivity (French & Sutton, 2010). Effects are often small, but may still be
meaningful, given that effects of behavioural interventions also typically report small to medium effect
sizes (Konig, Allmeta, et al., 2022; Maher et al., 2024; Miles et al., 2020). Studies specifically testing
reactivity to the measurement of dietary intake are sparse. Research in survey studies has produced
highly heterogeneous findings so far, and according to a recent systematic review, (Koénig, Allmeta
et al., 2022) the issue has not been addressed at all in intensive longitudinal studies on diet. The litera-
ture also speculates about the potential role of involving participants actively in the recording process.
For example, one study found stronger reactivity effects when participants were explicitly asked to copy
the step count from their step counter into a paper diary compared to when they were not (Clemes &
Parker, 2009).

When recording dietary intake, the various tools also require different interactions with the re-
cording tools, which may induce different levels of active processing of information such as sensory
input while recording. In other contexts, more active processing of information is related to better
understanding of information and performance (Natter & Berry, 2005). It could thus be assumed
that more active information processing (AIP) in dietary assessment leads to more pronounced
changes in eating behaviour (see also Barta et al., 2012). For example, selecting individual foods
from a database and adding portion sizes requires study participants to provide detailed information
on their meals, which demands active reflection. Taking a picture of the meal, however, can be com-
pleted in seconds and might require less active reflection. Thus, depending on which assessment tool
is used to record food intake, AIP and reflection on the food choices might vary substantially. In the
present study, AIP is defined as the active reflection on the information that the participants have
to provide while recording their food intake using different recording features (i.e., photo-based,
food database, detailed description). If these differences indeed translate into behaviour, researchers
would need to be careful when comparing data from studies that used dietary assessment tools with
different features.

The present study provides a first test of these assumptions. Specifically, the study aimed to test
whether more complex dietary assessment tools, where complexity is indicated by the type and number
of assessment features, induce more active information processing. We hypothesized that assessment
tools that, for instance, require participants to describe individual components by searching in a food
database and input serving sizes, are perceived (i.e., rated by the participants) to be more complex (H1),
to induce more AIP (H2) and to subsequently produce greater changes in eating-related cognitions,
intentions and behaviour (H3) (c.f., French & Sutton, 2010) than less complex tools (e.g., taking a photo
only). Furthermore, the study aimed to explore the usability of the different dietary assessment tools
(exploratory research question; E1), which is more often reported for assessment or intervention apps
(Konig, van Emmenis et al., 2022) and linked to the complexity of tools; and to test whether previous
experience with nutrition apps (E2) and the level of affinity to technology (ATT) (E3), that is an indi-
vidual's tendency to actively engage with technology (Franke et al., 2019), influenced participants' pet-
ceptions on active information processing, eating-related cognitions, intentions and behaviours. Taking
these individual characteristics into account is important since health behaviour tracking through EMA
has become popular in recent years (Konig et al., 2018; Pew Research Center, 2020), and experience
and ATT may influence engagement with the tracking device (Seifert et al., 2017) and thus moderate the
postulated effects.

METHODS

This study was preregistered on the Open Science Framework (OSF; https://osf.io/5gtqd), and all study
matetials and data are available from the OSF (https://osf.io/4htx7/). The study protocol was approved
by the Ethics Committee of the University of Bayreuth.
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Sample

A power analysis in GPower 3.1 (Faul et al., 2009) indicated a sample size of N'=368 for an alpha level
of .05, and a small to medium effect size (Cohen's 4= .4 or 17]2): .00) (Cohen, 1992; Lakens, 2013) using
a one-way between-subjects ANOVA with eight groups for 80% power. Inclusion criteria were being at
least 18 years old, having a good command of the English language and having access to a smartphone/
computet/tablet for the duration of the study.

A total of 373 participants completed the questionnaire; they were recruited through social media
(i.e., the official Instagram page of the faculty where the study was conducted; on the authors' profes-
sional and personal social media profiles on Instagram and Twitter/ X, special interest groups pages
within the psychology community) and word of mouth in spring and summer 2021. The mean age of
the participants was 30.4years (§D = 9.8) with 65.4% women, 34.1% men and .5% indicating another
gender. The majority of the participants held a university degree (42.1% Bachelot's degree, 24.1%
Master's degree). Regarding previous experience with nutrition apps, 56.3% stated not to have any
experience, whereas 43.7% (2= 163) reported having some experience (Table 1). The most frequently
used nutrition apps were My Fitness Pal (39.2%), Yazio (11.9%), Fitbit (10.8%) and Lifesum (9.7%).

Study design and procedure

An experimental online study with one between-subject factor (ENM.A protocol) was conducted. All
participants provided informed consent before participating in the study. Participation was voluntary,
anonymous and participants did not receive any compensation or feedback. The online study was
conducted using the survey platform Tivian Unipark and lasted for approximately 15minutes. First,
participants provided demographic information; then they were randomly allocated by the survey
platform to view one of the eight EMA protocols, each describing a food tracking process reflecting a
typical nutrition app in the form of mock-ups. The reporting process included a series of screenshots
of the hypothetical app and a written description of each step. Afterwards, they rated the hypothetical
assessment tool in terms of its complexity (manipulation check), active information processing and
its potential impact on eating-related cognitions, intentions and eating behaviour change. Then,
participants completed the short form of the User Experience Questionnaire (Schrepp et al., 2017).
Finally, they provided information on their experience with nutrition apps and completed the Affinity
to Technology (Franke et al., 2019) short scale (Wessel et al., 2019).

Materials and measures
EMA protocols

Eight draft protocols were created in the form of mock-ups of typical nutritional apps that were
identified based on the systematic review by Koénig, van Emmenis, et al. (2022). The mock-ups included

TABLE 1 Participants' prior experience with nutrition apps.

Stage N %

1: T have never thought about using an app for that 101 27.1
2: I have thought about using an app for that, but so far, I did not do it 73 19.6
3: I have thought about using an app for that, but it is not necessary for me to do it 36 9.7
4: 1 am currently using an app for that and intend to continue to use it 38 10.2
5: 1 have used an app for that, but I do not use it anymore 125 33.5
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screenshots of the assessment tool to show how the tool would look, as well as written descriptions of
the recording process to explain how the tool should be used. The design of the mock-ups (i.e., colour
scheme, icons, font) was identical across the eight mock-ups for consistency. In the study, participants
were asked to read the description, look at the screenshots and take their time to imagine that they
would be using the nutrition app to record their food intake (breakfast, lunch, dinner, snacks and
drinks) several times per day for several consecutive days.

All mock-ups included a first screenshot in which the user would hypothetically choose to record a
meal (breakfast, lunch, dinner), a snack or a drink. The rest of the screenshots that followed differed for
the eight protocols; their components were based on the five core features of nutrition apps identified
in Koénig, van Emmenis, et al. (2022): photo-based assessment, food database, classification system,
free-text description, assessment of serving or portion size. The combination of features in the different
mock-ups is presented in Table 2. The eight mock-ups were assumed to differ in complexity. Initially,
we conceptualized complexity via information load, for which the number of screenshots and the num-
ber of words used to describe the recording process were used as pre-defined indicators (see Table 2).
Depending on the mock-up the participant was shown (and thus the tracking feature combinations),
they would hypothetically either take a photo of their meal, describe in detail the ingredients of the
meal, search the meal in a food database, categorize the food into food categories (i.e., vegetables and
fruits, starchy food), or report the serving size (i.e., cups, portions or grams). Finally, in all protocols, the
mock-up included the same last screenshot confirming the recording. Figure 1 illustrates EMA protocol
3, in which only the photo recording tracking feature was used, while Figure 2 illustrates EMA protocol
7, in which four features (photo recording, food database, detailed description, serving size) were com-
bined. All screenshots are available from the project's OSF page.

Perceived complexity (manipulation check)

Participants were asked to rate the complexity of the EMA protocol they were shown on six items on a
5-point Likert scale (1-strongly disagree to 5-strongly agree). For instance, they rated whether recording
meals and snacks with the app was detailed and whether it required a lot of input. In all the following
sections of the paper, the complexity of the EMA protocols refers to these ratings.

Active information processing

ATP was assessed with 7 items using the same 5-point Likert scale (1-strongly disagree to 5-strongly
agree). Items were developed by the study team, which comprised experts in the study of the psychology

TABLE 2 Description of the EMA protocol mock-ups used in the study, including the tracking features, number of
screenshots and length of the description.

EMA protocol no. Tracking features Number of screenshots Words
1 Detailed description 3 91
2 Classification system 3 95
3 Photo recording 3 112
4 Classification system + Serving size 4 134
5 Food Database + Serving size 4 152
6 Photo recording + Detailed description 4 159
7 Food Database + Detailed description + Serving size 7 318
8 Photo recording + Food Database + Detailed 8 383

description + Serving size
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FIGURE 1 EMA protocol 3, depicting the simplest recording process only containing the photo feature. This version
of the app contained three screenshots, depicting (a) the meal type selection, (b) taking a photo of the meal, (c) a thank you
screen confirming the recording.

of eating, including underlying cognitive processes. For instance, the participants rated whether record-
ing a meal/snack with the app required them to think about what they were about to eat or required
them to know exactly how much they were about to eat.

Eating-related cognition, intentions and behaviours

Eating-related cognitions were assessed with 6 items. For example, participants indicated whether using
the study app made them think about the healthiness of the meal or become aware of how much they
ate. Intentions to change behaviour were assessed with 5 items. For instance, participants rated whether
using the study app made them want to eat less or want to eat fewer snacks. Anticipated changes in
eating behaviour were assessed through 5 items. Amongst others, participants rated whether using the
study app would make them eat less or eat healthier. The same 5-point Likert scale was used in these
three measures (l-strongly disagree to 5-strongly agree). Although this particular measure was self-
developed to ensure maximum fit for the research question as well as brevity, the items were inspired
by items used in the eating behaviour literature, which frequently assessed eating-related cognitions
(e.g., regarding when, where and how participants consumed food; Wansink & Sobal, 2000), intentions
(Reichenberger et al., 2019) and behaviours (e.g., meal skipping, Pendergast et al., 2016).

User experience questionnaire (UEQ)

The short form of the user experience questionnaire (Schrepp et al., 2017) was used to assess the usability
of the EMA protocols. The short form of the questionnaire (8 items) was developed based on the original
long version of the UEQ (26 items) and has been translated into 19 different languages (see Schrepp
et al., 2017 for development, validation and reliability). Participants were presented with 8 semantic
differentials (4 pragmatic and 4 hedonic quality items) such as complicated-easy; confusing-clear. They
were asked to indicate their response using a 7-point Likert scale from 1=negative connotation to
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Welcome back! e Search in database
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@ & - as free text as free text .
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(c2)

| Finish

FIGURE 2 EMA protocol 7, containing four recording features. This version of the app contained seven screenshots,

depicting (a) the meal type selection, (b) selecting whether to search in a database or add meal components as free text, (c-1)
the database, (c-2) the open text field, (d) the portion size estimation, (¢) adding another component or finish, (f) a thank you
screen confirming the recording.

7=positive connotation. An overall mean of the scale was calculated; higher values represent higher
usability of the EMA protocols.

Experience with using nutrition app

Participants' previous experience in using nutrition apps was assessed using a stage model approach as
presented by Kénig et al. (2018). When they indicated that they had used an app before or were currently
using an app to track their food intake, they were asked to state the app's name in an open text field.

Affinity to technology (ATT)

ATTis a scale used to measure an individual's general comfort and willingness to engage with technology.
Participants indicated their degree of interaction with technical systems (i.e., apps, software, mobile
phones, PC) by indicating agreement with the four statements in the ATT (Wessel et al., 2019) scale
short form. The reliability and validity of the scale have been confirmed (Franke et al., 2019; Heilala
et al., 2022; Lezhnina & Kismihok, 2020), and the scale has been translated into different languages
(University of Liibeck, 2025). Due to a programming mistake, responses were assessed on a 5-point
instead of a 6-point Likert scale (1 =completely disagree; 5= completely agree). The responses for the
two negatively worded items (items 3 and 4) have been reversed before calculating the mean of the
items; higher values represent higher affinity to technology.
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Statistical analysis

Analyses were conducted using IBM SPSS Statistic software version 29.0.0.0. Missing values were
deleted case-wise. Missing values ranged from 0% for active information processing, eating-related
cognition, intention and behaviour to 2.1% for perceived complexity, 2.4% for ATT and 3.2% for
previous experience with nutrition apps. The main research questions (H1-3) were investigated by
conducting one-way between-subject ANOVAs using the eight EMA protocols as the independent
variable and the respective sub-scales for complexity, active information processing, eating-related
cognitions, intentions and behaviour as the dependent variables.

The first exploratory question (E1) was tested using a one-way between-subjects ANOVA, with the
eight EMA protocols as the independent variable and the UEQ score as the dependent variable. The
second exploratory question (E2) was tested using an 8 (EMA protocols) X 5 (nutrition app use stage)
between-subjects ANOVA with the respective sub-scales for active information processing, eating-
related cognitions, intentions and eating behaviour change as the respective dependent variables; since
a moderating effect was tested, the report focuses on the interaction of the two independent variables.
The third exploratory question (E3) was tested using a between-subjects ANCOVA, with the ATT score
as a covariate and the respective sub-scales for active information processing, eating-related cognitions,
intentions and eating behaviour change as the dependent variables.

Across analyses, p=.05 was used as the inference criterion. Reliability of scales was calculated using
internal consistency (Cronbach's alpha).

RESULTS
Reliability analysis
Items reflecting the AIP (Cronbach's a=.82), eating-related cognitions (Cronbach's @ =.83), intentions

(Cronbach's a =.80), behaviour (Cronbach's a =.83) and the ATT scale (Cronbach's @ =.74) showed good
internal consistencies with values above .7 (Tavakol & Dennick, 2011).

H1: EMA protocols with more components are perceived to be more complex
(manipulation check)

In line with the initial assumption, a between-subjects ANOVA (7=3065) revealed significant differences in
perceived complexity between EMA protocols. (7, 365) =16.82, p<.001, 715 =.24. More specifically, EMA

TABLE 3 Complexity rating, active information processing ratings, anticipated changes to eating-related cognitions,
intentions and behaviours, and usability ratings (UEQ) for the eight EMA protocols.

Complexity AIP Cognitions  Intentions Behaviours UEQ

EMA

protocol N M SD M SD M SD M SD M SD M SD
1 51 2.99 .69 3.45 .85 3.80 .61 3.29 .81 310 .81 3.01 .84
2 56 2.30 .68 3.36 73 376 58 3.24 69 3.21 a7 329 .64
3 53 225 75 3.00 92 373 a7 317 .69 3.03 76 3.50 .52
4 42 2.69 .61 3.62 .63 391 59 317 72 310 79 0 319 .67
5 36 2.66 73 3.40 .84 395 73 3.28 72 316 .66 3.40 74
6 42 2.56 74 3.39 .81 3.80 a9 324 .82 3.05 78 3.49 .75
7 43 340 .64 3.83 550 3.99 .63 319 .88 3.5 .89 294 .67
8 50 319 .70 3.70 .55 4.00 .66 3.21 g7 348 79 323 .70
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protocols that contained more tracking features were perceived to be more complex (perceived complexity
— rated by the participants) (see Table 3 for means and standard deviations). Protocol 3, which included only
the photo feature, was rated as significantly less complex than all other protocols (ps =.030), except protocol
2, which included only the classification feature. Despite also only including one tracking feature (text-based
description), protocol 1 was perceived as significantly more complex than protocols 2 and 3 (ps <.001), but
less complex than protocols 4 to 7 which contained 2—3 tracking features (ps=.035); however, there was
no significant difference between protocols 1 and 8, which included four tracking features. Protocol 7,
which contained three features, was rated as significantly more complex than all other protocols (ps=.005).
Therefore H1 was largely supported. A list of all paired comparisons can be found in the online supplement.

H2: The more complex the assessment tool, the more active information
processing is required

A between-subjects ANOVA (#7=373) revealed differences in AIP between EMA protocols, F(7,
373)=5.63, p<.001, np=.10. As expected, EMA protocols that were perceived to be more complex
were also perceived to induce more active information processing, such as EMA protocol 7 (M=3.83,
SD=.55), compared to less complex EMA protocols, such as EMA protocol 3, which was rated as
inducing significantly less AIP than all other protocols (M=3.00, SD=.92; ps=.012; see Table 3 for
means and standard deviations of all groups and the online supplement for the paired comparisons). H2
was thus largely supported.

H3: The more complex the assessment tool, the stronger its potential impact
on participants' eating-related cognitions, intentions and behaviour change

Between-subjects ANOVAs (#=373) indicate no significant differences between EMA protocols
regarding perceived impact on eating-related cognitions, intentions and behaviour (cognitions: F(7,
373)=1.26, p=.270, i;=.02; intentions: F(7, 373)=.16, p=.993, i;=.01; behaviour: (7, 373)=.33,
p=.942, 71]7;:.01; see Table 3 for means and standard deviations for all groups). H3 was thus not
supported.

E1: Do the assessment tools differ in usability?

A between-subjects ANOVA (z=373) revealed significant differences in usability between the different
EMA protocols, F(7, 1) =4.14, p<.001, n,= .07 (see Table 3 for means and standard deviations for all
groups). The mock-ups that were perceived to be less complex, such as protocol 3 (M=3.50, SD=.52),
were also perceived as more user-friendly compared to protocols perceived as more complex, such as
protocol 8 (M=3.23, §D=.67). All paired comparisons are listed in the online supplement.

E2: Does previous experience with nutrition apps influence participants'
ratings of the hypothetical assessment tools?

Two-way between-subjects ANOVAs (7=3061) indicated that differences between EMA protocols in
AIP (F(28, 333)=1.30, p=.144, 17, = .10), eating-related cognitions (F(28, 333)=.58, p=.960, ;=.05),
intentions (F(28, 333) =1.25, p=.183, n;: .10) or behaviour (F(28, 333) =1.15, p=.281, n,= .09) did not
vary by participants' prior experience with using nutrition apps.
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E3: Does affinity to technology influence participants' ratings of the
hypothetical assessment tools?

One-way between-subjects ANCOVAs (#=3064), using the ATI score as a covariate, indicated a
significant main effect of EMA protocol AIP (F(1, 364) =6.01, p=.015, r]; =.02). Protocol 3 was rated
to induce significantly less AIP compared to protocols 1, 5, 7 and 8ps=.046; means and standard
deviations and p-values for all paired comparisons are listed in the online supplement. The remaining
paired comparisons did not reach statistical significance. However, there were no significant differences
regarding eating-related cognitions (F(1, 364)=2.83, p=.094, 1752.01), intentions (F(1, 364)=1.79,
p=.182, n,= .01) and behaviour (F(1, 364) =3.54, p=.001, n,= .01) when the ATT score was added as a
covariate.

DISCUSSION

A diverse range of smartphone-based dietary assessment tools has been used in the literature (Konig, van
Emmenis, et al., 2022), yet the potential effects of this variation on the comparability of findings across
studies have remained mostly unexplored. This study compared the perceived complexity of different
smartphone-based dietary assessment tools and tested for potential differences in AIP and anticipated
impact on eating-related cognitions, intentions and behaviours. Results indicated that EMA protocols
that use more dietary tracking features were indeed perceived to be more complex and less usable, and
to induce more AIP in comparison to EMA protocols with fewer dietary tracking features. At the
same time, however, the complexity of the EMA protocols was not perceived to differentially influence
eating-related cognitions, intentions and behaviours. Finally, previous experience with nutrition apps
did not seem to have an impact on any of the investigated aspects of eating behaviour. Results were also
mostly unchanged when ATT was included as a covariate.

The results of this study confirmed our notion that more assessment features increase the perceived
complexity of a smartphone-based dietary assessment tool; this is in line with previous research that
has shown that the number of features or components in a task can influence participants' perception
of its complexity (Goldschmidt et al., 2014; Heron & Smyth, 2010). Researchers might want to include
more assessment features to gather more detailed information, especially when studying complex be-
haviours such as eating; yet our findings highlight the risk of both increasing perceived complexity and
decreasing perceived usability, which might lead to underreporting, especially of snacks (Ziesemer etal.,
2020), and dropout (Koénig et al., 2021) and so reduce data quality. However, it is important to question
whether recording tools indeed differentially influence compliance and dropout in EMA studies as
the method is generally considered burdensome due to the number of assessments and disruptions to
daily routines (Smyth et al., 2021). This assumption thus needs to be tested in future research to derive
recommendations for researchers intending to use dietary EMA. Generally, however, it is advisable to
carefully select the number and type of recording features carefully so as not to overburden participants,
and to pay attention to usability, especially when using food databases (Konig et al., 2021).

Prior research indicates that the use of food databases and requiring participants to estimate portion
sizes may be more burdensome than taking pictures of the food, which translates to willingness to use
the tool (Héchsmann et al., 2021). Also in the present study, EM A protocols involving food photos were
seen as less complex and more usable. It could thus be recommended to use photo-based recordings
instead of relying on food databases to increase compliance, although this has important implications
regarding quantifying the recorded food intake (see Konig, van Emmenis, et al., 2022, for a discussion).
It is important to note that the present study investigated dietary EMA in the context of assessing — not
deliberately changing —a behaviour to describe it. In this context, changes are often undesired (c.f., mea-
surement reactivity). However, self-monitoring of (dietary) behaviour is also a frequently used behaviour
change technique, which is often associated with greater intervention success (Michie et al., 2009).
Thus, for the context of interventions, the present study provides different recommendations. Indeed,
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in line with Turner-McGrievy et al. (2021), it could be suggested that if behaviour change is the goal, the
burden associated with recording might actually produce stronger intervention effects and is therefore
desired.

In line with H2, we also found that the complexity of the different EMA protocols was related to
the perceived level of AIP they required. For instance, the EMA protocols that used a combination of
tracking features (i.e., food database, detailed description and portion size assessment) were perceived
to require more AIP in comparison to, for example, the EMA protocol that used only photo-based
assessment. This aligns with the concept of cognitive load, where tasks perceived as more complex or
demanding require higher levels of cognitive effort (Davis, 1989). Moreover, in more complex dietary-
intake smartphone tracking apps, the interaction time with the tool is longer compared to less complex
apps. Considering that participants in EMA studies typically track their behaviour repeatedly, this leads
to an even larger amount of time spent actively processing diet-related information as the study goes on.

Based on Control Theory (Carver & Scheier, 1982), it could be expected that these opportunities to
reflect and detect discrepancies between the current and desired behaviour should induce changes in
behaviour. Participants indeed indicated for all eight protocols that they might expect slight changes.
This is also in line with prior qualitative work suggesting that EMA study participants feel that their
behaviour may have changed due to taking part in a study (Eisele et al., 2023). However, contrary to
our expectation, the protocols did not differ in this regard. Exploratory analyses also indicate that the
ratings were not influenced by prior experience; participants who had used nutrition apps before did not
expect the potential influences of the EMA protocols to be different from those of participants without
prior experience. Still, it is important to note that this study was based on a hypothetical scenario, since
participants only reflected on the mock-ups and did not have the opportunity to use them. The proto-
cols would need to be implemented and used to collect data in real life to test whether there are indeed
no differences between the protocols, or whether these changes occur outside the individuals' awareness
(Eisele et al., 2023). Shedding more light on the issue of changes in behaviour due to being measured
in research, that is measurement reactivity (French & Sutton, 2010), is especially important for dietary
EMA, since research in this domain is currently lacking (Konig, Allmeta, et al., 2022).

The study has several strengths, including that it was preregistered, and materials and data are shared
on the OSE. The sample size was determined a priori and relatively large, yet due to a lack of prior
research the effect size estimate was based on the mean effect size for psychological studies (Open
Science Collaboration, 2015). The procedure was highly standardized, with all EMA protocols using
the same design and consisting of the same basic features, so differences between protocols can in-
deed be attributed to the combination of features and not, for instance, the visual design (Valenci¢
et al., 2023). However, several limitations need to be noted. First, and most importantly, the study was
hypothetical and relied on self-reported expected changes. Since several studies indicated overreport-
ing of desirable and underreporting of undesirable behaviours (Paulhus, 1991; Stone, 2007), the results
need to be replicated in real-life contexts; this would require programming apps that are identical in
layout but differ in the type and number of implemented features. Unfortunately, given that the present
study was conducted during the height of the Covid-19 pandemic, this was not possible at the time.
Still, self-reported information also provides valuable insights, especially when later contrasted with
objectively assessed data, since there is an ongoing debate in the literature as to when individuals notice
changes in their behaviour (see Szymczak et al., 2020), and whether study participants are aware of
changes to their behaviour due to the study context (Eisele et al., 2023). Furthermore, most constructs
were assessed with items newly developed for this project, that require further validation if used again.
Second, even though aspects such as affinity to technology, previous experience in using nutrition apps
and the general usability (UEQ) of the EMA protocols were assessed, other aspects that might have
been relevant that is, willingness to take part in a study using EMA protocols, were not included. Third,
the study sample was mostly female, young and well educated; also former users of nutrition apps were
likely overrepresented (Konig et al., 2018). We furthermore collected data internationally and managed
recruitment from Germany; the fact that most participants were probably not English native speakers
may have somewhat influenced their understanding of the mock-ups, descriptions and items. However,
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the sample was relatively young and likely exposed to English regularly, both in school and through
social and other media. The influence of the language on study outcomes is likely negligible. Still, gen-
eralizability to other samples thus remains to be tested. This sample composition, however, is typical
for (dietary) EMA studies (see Konig, van Emmenis, et al., 2022, for an overview), so the conclusions
drawn from this study still apply to many published studies. Finally, the sample was too small to detect
small effects with sufficient power, thus small differences between EMA protocols regarding antici-
pated changes in eating-related cognitions, intentions and behaviours might have been missed.

Smartphone-based dietary EMA is becoming increasingly common in behavioural research, but
apps are often developed by research teams themselves due to a lack of funds for commercial solutions
or specific requirements of the research project. Aside from the influence on what information is col-
lected, the type of tracking features may influence compliance with the study protocol, which in turn
influences the completeness and informative value of the data. Researchers thus need to carefully select
the appropriate EMA protocol for their study to balance the need for collected information with the
need for high compliance.
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