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Summary

Summary

Frequent family meals are positively associated with children’s nutritional health.
Thus, they represent a critical dietary environment for the prevention of non-
communicable diseases such as obesity. Beyond meal frequency, the way how families eat
together and plan such meals also appear to be highly important for nutritional health
outcomes. This dissertation examines the role of family mealtime routines, parental
influence as nutritional gatekeepers and role models, and children’s food preferences in
shaping the nutritional health of families. To address these research questions, I examined
associations between key steps of the family meal process (planning, purchasing, preparing
and eating meals) and the nutritional health of both children and parents, utilizing diverse
methodological approaches and outcomes, particularly emphasizing family meals as social
environments and children as active agents.

In Manuscripts 1 and 2, we examined how mealtime routines influence children’s
fruit and vegetable intake. In Manuscript 1, 50 parent-child dyads attended two laboratory
dinners to test the causal effects of meal duration on children’s dietary intake. One session
matched their typical family mealtime duration; the other extended it by 50%. Results
showed that longer meals led to significantly higher fruit and vegetable intake in children
but not increased consumption of bread or cold cuts.

In Manuscript 2, we assessed the role of mealtime routines in daily family life, their
interrelations, and their predictive effects on children’s nutritional health. Over seven days,
310 parents reported on their daily family meal. Results confirmed consistent reporting of
key routines, such as a positive atmosphere and avoidance of TV or smartphone use, across
most meals. Weak intercorrelations among the seven routines suggested they represent
distinct constructs. Parental modeling and a positive atmosphere remained significant

predictors of children’s fruit and vegetable intake. These findings highlight the importance



Summary

of not only #ow often tamilies eat together but also Zow they do so, emphasizing mealtime
duration, atmosphere, and parental modeling as most crucial for children’s nutritional
health.

In Manuscript 3, we investigated how parents’ knowledge of nutrient content
(sugar, salt, and fat) in food products relates to their family’s long-term nutritional health.
A total of 508 parents, who report to be primarily responsible for meal planning, completed
an at-home interview, including a questionnaire and a nutrient estimation task for nine
food products. Additionally, the parent and one child were weighed and measured. Results
showed that parents consistently misestimated nutrient content. General numeracy
predicted more accurate salt estimations, while nutrient awareness was more relevant for
sugar and fat estimations. No significant associations were found between nutrient
underestimations and BMI or health conditions. These findings suggest that while parents
struggle to accurately estimate nutrient levels, this (missing) knowledge alone does not
exert a stable influence on health outcomes. This implies that food choices are also shaped
by other factors, such as for example children’s preferences, and not primarily by parental
nutritional knowledge. Manuscripts 4 and 5 further explore this dynamic, focusing on the
role of children’s preferences in shaping healthy and sustainable family meals, with
preference for meat examined as a key outcome.

In Manuscript 4, we explored generational differences in dietary preferences and
their impact on family meals. Surveys of 500 adolescents and 500 adults from their
parental generation assessed food-choice motives, dietary styles, and advocacy for
sustainable food practices. Adolescents were three times more likely than parents to abstain
from meat. Although they were not more likely than adults to advocate for reduced meat
consumption at family meals, they were more likely to promote reducing other animal

products and introducing plant-based options. Adolescents with strong sustainability
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motives, reflected in their dietary habits, were also more likely to advocate for sustainable
family meals.

In Manuscript 5, we examined 57 parent-child negotiations on the amount of meat
in a shared family meal in a videocall, focusing on generational influence and determinants
of the amount of meat decided on. Both generations were found to have equal influence on
the final meat content of the meal. However, when children were non-meat eaters or when
dyads reported prior conflicts about meat consumption, they agreed on significantly less
meat for the meal. These findings highlight a) the active role of children in meal planning
and their potential to influence healthier, more sustainable family meals, but also b) the
importance of psychological variables such as motivation, values, and behaviors over
demographic affiliation.

In sum, this dissertation highlights the potential of family meals as a social eating
environment for promoting children’s nutritional health. Both the critical role of mealtime
routines and the unique role of children as active advocates —often overlooked in previous
theories—were underscored, emphasizing the need for future research and consideration in
interventions. By utilizing diverse methodological approaches and examining family meals
as a process from planning to eating at the table, I gained practical insights and endorse

family meals as an invaluable context for fostering nutritional health in families.



General Introduction

General Introduction

In Germany, dietary recommendations for healthy eating are not met by the vast
majority of children. For instance, only 14% of children aged 3 to 17 years meet the
recommended intake of fruits and vegetables of 5 portions a day (Robert Koch-Institut,
2018). Additionally, their consumption of added sugars, salt, and fat exceeds the
recommended maximum levels, averaging 1.5 to 3 times the advised limit (Libuda et al.,
2014; Perrar et al., 2024; Remer et al., 2022). Although a growing number of adolescents
in Germany are opting for a meat-free diet (Bundesministerium fiir Erndhrung und
Landwirtschaft, 2023), their average meat consumption still exceeds recommendations by
50% (Brettschneider et al., 2021).

This is especially problematic as children represent a particularly vulnerable group
when it comes to nutrition-related diseases. During this critical phase of life, healthy eating
habits are established that often persist into adulthood (Mahmood et al., 2021). Conversely,
unhealthy eating habits in childhood increase the risk of nutrition-related diseases:
Overconsumption of sugary, salty, and fatty foods as well as red meat, is linked to e.g.
cardiovascular diseases, tooth decay, type 2 diabetes, and obesity (Filippini et al., 2022; Gu
et al., 2023; Hooper et al., 2020; Moores et al., 2022; Santos et al., 2022). Also, these
negative consequences persist into later life: Having obesity already in childhood is highly
related to adult obesity and obesity-related diseases (Umer et al., 2017; Woo et al., 2020),
emphasizing the importance of prevention at an early age. Those relationships between
nutrition and corresponding health outcomes are referred to as the broad concept
of nutritional health in research literature (e.g., Dallacker et al., 2018), measured through
different short and long-term proxies as, for example, self-reported dietary patterns relying

on dietary guidelines (e.g., Healthy Eating Index; Hu et al., 2020), intake of specific food,



General Introduction

including fruit and vegetable intake (Caspi et al., 2012) or outcomes of healthy eating, such
as Body Mass Index (BMI; Khanna et al., 2022).

The family environment plays a pivotal role in shaping nutritional health: Shared
meals are among the most common health-related practices, with families in Germany
eating together multiple times per week (Frank et al., 2019). Previous empirical evidence
shows that the more frequently families eat together, the healthier the eating behaviors
exhibited by children (Snuggs & Harvey, 2023). Thus, family meals present a low-
threshold opportunity to foster healthy eating and prevent nutrition-related diseases. But
why are they so influential?

In this dissertation, I focus on family meals as a lever for promoting healthy eating,
extending our understanding of how family meals should be structured to improve
children’s nutritional health and the roles that family members play in fostering healthy
outcomes. In the following sections, I will first review the empirical evidence for family
meals and their relationship with family health. Following this, I will elaborate on the roles
that parents and children play in shaping a healthy family meal. Using the Revised Family
Ecological Model by Davison et al. (2013), I will explain how the assumptions in this
dissertation can be theoretically justified and identify the research gaps that remain
unanswered in the respective framework. Finally, I will outline my research program and
provide an overview of my manuscripts, including their methodological approaches.
Family Meals and Nutritional Health

Shared meals serve a purpose beyond the mere consumption of food: They are
essential for fostering relationships, strengthening emotional bonds, and creating a sense of
connection among individuals (Dunbar, 2017; Woolley & Fishbach, 2017). Within the
context of shared meals, family meals hold particular importance. They offer a dedicated

time for family members to gather, typically once a day, to discuss their daily experiences,
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General Introduction

share their thoughts, and strengthen familial bonds (Persson Osowski & Mattsson Sydner,
2019; Robson et al., 2020).

So far, there is no consistent definition of what exactly constitutes a family meal in
the literature. Definitions vary widely, particularly regarding the number of participants
required and the type of meal involved. Martin-Biggers et al. (2014) provide an overview
of definitions used in previous research and conclude that, in general, a family meal can be
understood as an occasion where at least two family members sit together and share a
meal. For the purposes of this dissertation, these family members are further specified to
the combination of at least one child and at least one parent to align with the focus on
children’s nutritional health and the dynamics between generations.

Existing research highlights the significant health benefits associated with frequent
family meals. Studies have shown that children who regularly share meals with their
families tend to have a more positive body image and exhibit fewer symptoms of eating
disorders (Hammons & Fiese, 2011; Ramseyer Winter et al., 2019). Additionally, family
meals have been linked to greater well-being during the COVID-19 pandemic (Berge et al.,
2021). Furthermore, regular family meals are associated with healthier eating decisions,
such as higher fruit and vegetable intake and less consumption of sugar-sweetened
beverages, as well as lower body mass index (BMI) in children (Dallacker et al., 2018b;
Robson et al., 2020). Together, these findings emphasize the multifaceted benefits of
shared meals for mental and physical well-being. But under which conditions are they
especially beneficial?

A previous meta-analysis identified six specific mealtime routines that positively
influence children’s fruit and vegetable consumption, ranked by the size of their effect: A
longer mealtime duration, a positive mealtime atmosphere, higher food quality, parental

role modeling, turning off the television during meals, and involving children in meal
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preparation (Dallacker et al., 2019). Despite the growing body of research on how family
meals influence nutritional health, many questions remain unanswered: While there are
some initial experimental approaches for certain routines, such as manipulating the
mealtime atmosphere (Fiese et al., 2015), evidence for the effect of longer meal
durations—identified by Dallacker et al. (2019) as having the largest effect size—is
currently limited to correlational data. Further, similar to the already established research
on television use, smartphone use may represent another critical routine that could impact
family meals and their outcomes (Dwyer et al., 2018; Latif et al., 2020). Also, previous
studies have only examined a maximum of two routines simultaneously, raising questions
about whether these routines are truly distinct constructs or whether they overlap in
practice. Moreover, it remains unclear to what extent families engage in these routines in
their daily lives.

To address these gaps, Manuscript 1 investigates the causal effects of mealtime
duration on children’s nutritional health, while Manuscript 2 explores whether families
report the identified routines in their everyday lives and examines how these routines are
interrelated.

Parents as Nutritional Gatekeepers

Parents play a dual role in influencing children’s eating behaviors—not only as role
models but also as nutritional gatekeepers (De Bourdeaudhuij & Van Oost, 1998): They
are primarily responsible for deciding what food is available and offered to the family
(e.g., Quick et al., 2018) and for ensuring that meals are healthy and balanced
(Sendergaard & Edelenbos, 2007).

To fulfill their role as nutritional gatekeepers beneficially and provide a healthy,
balanced diet, food knowledge is essential for parents. Research demonstrates that

knowledge about food ingredients can lead to healthier purchasing decisions, such as
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General Introduction

reducing the consumption of sugar-sweetened beverages (Bleich et al., 2012). Moreover, a
more accurate estimation of the sugar content in foods has been linked to lower BMI levels
in adults and children (Dallacker et al., 2018a; Konig et al., 2019). Manuscript 3 builds on
this research and aims to provide further evidence of how parental food knowledge serves
as a basis for family health.

The existing research underscores that family meals involve more than just sitting
down and eating together: Planning and preparing the meals and doing the groceries are
also an important part of the mealtime process (Middleton et al., 2022; Perrea et al., 2012).
In this dissertation, the entire process of family meals will be considered (see Figure 1). |
will start with focusing on the specific behavior of eating together at the table (Manuscript
1 and 2), but also refer to preceding process steps as preparing the meal together
(Manuscript 2), essential variables for purchasing healthy food products (Manuscript 3)

and role of family members in planning the meal in a healthy way (Manuscript 4 and 5).

Figure 1

The Family Meal Process Steps based on Middleton et al. (2022) and Perrea et al., 2012.

Planning Purchasing Preparing Eating

Children as Active Agents

Traditional theories of cultural transmission generally assume an unidirectional
flow of information and influence from parents (or older generations) to children (Cavalli-
Sforza et al., 1982), largely neglecting the possibility of a bottom-up process where

children influence parents. However, empirical studies suggest that such bottom-up
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processes are indeed possible across various domains. For instance, children can transfer
technical knowledge (Watne et al., 2011) or environmental literacy (Liu et al., 2022) to
parents in a process of reverse socialization (Gentina & Muratore, 2012). This dynamic
can be extended to eating decisions as well. While parents act as nutritional gatekeepers,
children often serve as influencers within the family system (Sendergaard & Edelenbos,
2007). Particularly adolescents actively contribute to the planning of family meals and can
influence parental decisions by bringing home ideas from peers, school, or social media
(Ayadi & Bree, 2010; Kucharczuk et al., 2022; Williams et al., 2019), participating in
decisions about which restaurants to visit (Chen et al., 2016), or even challenging existing
norms and rules within the family mealtime context (Persson Osowski & Mattsson Sydner,
2019).

Previous research shows that children and parents often have differing preferences
regarding meal choices. When children have greater control over meal decisions, this
frequently results in less healthy options, as they tend to prefer sweeter foods and
carbohydrate-heavy dishes (Kiimpel Nergaard et al., 2007; McKeown & Nelson, 2018). At
the same time, there is evidence that adolescents in Germany are reducing their meat
consumption compared to the parental generation, reflecting a shift in dietary preferences
and values (Bundesministerium fiir Erndhrung und Landwirtschaft, 2019, 2021, 2023).

A reduction in meat consumption would offer significant health benefits for individuals as
well as the planet (Willet et al., 2019). Adolescents frequently state planetary health and
sustainability as key motivators for their meat-reduced diets (Ziihlsdorf et al., 2021),
qualifying them as potential drivers of more sustainable family eating practices that
simultaneously promote individual health, which raises the question: Do adolescents bring

sustainability values and motivations also to the family meal table?
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Manuscripts 4 and 5 address this question by exploring (1) how generations differ
in their advocating for and influence on more sustainable and healthy family meals and (2)

which demographical, psychological, and behavioral variables shape these influences.

Research Framework and Research Program Overview

Numerous models exist that aim to explain the relationship between family
dynamics and health outcomes (Michaelson et al., 2021). This dissertation is grounded in
the Revised Family Ecological Model (Davison et al., 2013), which serves as its
overarching theoretical framework. This model theorizes how family processes impact
childhood obesity and illustrates how various family factors (ecological, social, and
emotional) affect parenting practices, which, in turn, influence children’s cognitions and
behaviors toward family health. For the purpose of this dissertation, particular attention is
given to specific variables from the Revised Family Ecological Model (see Figure 2),
which correspond to different steps of the family meal process (planning, purchasing,
preparing, and eating; see Figure 1):
Family Knowledge. Knowledge about healthy food products is crucial for planning and
purchasing according to a healthy and balanced diet.
Parental Behaviors and Practices. The organization of family meals provides the crucial
social environment for all research collected in this dissertation. Additionally, parents
providing food based on their knowledge, parents’ own dietary habits as model behaviors,
their use of screens at family meals as well as take-away frequency as a proxy for food
quality were referred to.
Children's Cognition and Behaviors. The primary focus is on children’s diet as a short-term
outcome variable, serving as a proxy for family health. Additionally, children’s usage of

screens at family meals are considered, as well as their preferences, self-efficacy, and
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knowledge as key determinants for advocating for their needs and influencing family
meals in the planning process.

Family Health. Health conditions and weight status of parents and children as long-term
outcome variables.

However, despite the model’s claim to shift the focus from individuals to the family
level, it presents some limitations. While the model includes family norms, beliefs, and
knowledge, it does not explicitly address family-level behaviors and the social aspects of
eating. The child is depicted as a passive recipient of influence, with no direct link of
ecological, social, and emotional context factors to the child’s behavior other than through
the parent. Also, the model does not include a bi-directional influence, as there is no arrow
indicating an influence from the child back to the parent —parallel to cultural transmission
theory— which suggests a more general theoretical gap in this area. I aim to address the
outlined research gaps and expand the theoretical model by investigating family meal
behaviors and the active involvement of children in the family meal process (illustrated in

Figure 2 by the dashed box and dashed arrows).
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Figure 2
Based on the Revised Family Ecological Model by Davison et al., 2013 Including Research

Gaps

Family Social and Parenting Practices Family Health

Family Ecolo
v 8y Emotional Context and Child Outcomes Outcomes

— Fm—mm———————————
| Behaviors on a family level :
| * Family mealtime routines 1
| (Duration, atmosphere, preparing |
I the meal together, Screen-based |
: behaviors at the family table) 1
_______ ——— i ———
b
History and b
Structure '
Family Knowledge and Social L
. . Norms, e.g., Parenting Behaviors and
Child-specific *  Knowledge of healthy lifestyles Practices, e.g.,
Characteristcs * Diet
* Purchase, preparation of
o affordable, convenient foods
Organization al - * Frequency of eating at fast-
Factors A 4 . 1;‘;2:{:::?;";;}::;”}, meals Parents’ Outcomes, e.g.,
Social Disparities and Chronic . * Health status
A . it
Community Stress \ I, Obesity status
Factors : 1
' A Children’s Outcomes, e.g.,
: : Children’s Cognitions and *  General health status
Media and Poli cy Behaviors, e.g., *  Weight status; obesity
Factors - + Diet
« Self-efficacy for healthy
lifestyles
* Knowledge about, and belief in
the importance of healthy
lifestyles
* Preference for healthy foods

Note. This is a simplified version only including the relevant variables for this dissertation. Aspects, which
are not specifically addressed in manuscripts, but are important to understand the framework, are grayed out.
The dashed box and arrows are not included in the original model and are contributed as a part of this

dissertation.

The research program of this dissertation aims to strengthen and expand the
evidence for the existing pathways while also expanding the model to address the research
gaps identified. In Manuscripts 1 and 2, we focus on the core aspect of family meals:
preparing and eating the meal together. This includes variables highlighted in Figure 2,
such as parents' own diet and the quality of the meal. Additionally, by emphasizing family

meal routines, we incorporate behaviors that are not attributable to either parents or
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children alone but occur on a broader social family level (e.g., atmosphere and duration of
the meal). In Manuscripts 3 ,4, and 5, we focus on the proceeding process steps in the
planning of meals. In Manuscript 3, we explore the role of parents as nutritional
gatekeepers, investigating how their knowledge about nutrients in food products as a basis
for planning and purchasing healthy meals, impacting family nutritional health. In
Manuscripts 4 and 5, we examine how adolescents can influence the eating decisions of the
family. Figure 3 shows an overview of how empirical and theoretical research gaps were

operationalized in the following manuscripts.

Figure 3

Research Program of this Dissertation with Predictors and Main Outcome Variables

Screen-based behavior

Routines and Family Members Family Nutritional Health
F-——~—=-=—=--- Setutal
1 Family level variables 1
: Duration :
1 Atmosphere 1 Fruit and vegetable
! Preparing the meal ! . intake
! together | Manuscript 1 and 2 !
I ]
I ]

BMI of parents
zBMI of children

Parent’s Variables
Modeling Behavior

Knowledge Manuscript 3
Health conditions of
parents and children
Children’s Variables Manuscript 4 and 5
Preferences | __ _ _ _ N Family meat
Motives preferences/intake
Diet Style

Note. Variables highlighted in green are addressed in Manuscripts 1 and 2, variables highlighted in blue are
addressed in Manuscript 3, and variables highlighted in red are addressed in Manuscripts 4 and 5. Dashed

boxes and arrows label new theoretical contributions, as shown in Figure 2.
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Multimethodological Approach

To comprehensively address the research questions, this dissertation employs a
multimethodological approach, utilizing various study designs (survey, experiment, diary
study, observational study) and quantitative as well as qualitative methods. This diversity is
advantageous because all methods have inherent strengths and limitations - combining
them enhances the robustness of findings. However, the choice of methods is also guided
by the current state of research and the specific questions being addressed.

For Manuscript 1, building on an existing meta-analysis (Dallacker et al., 2019)
that provides a solid foundation, the clear research gap regarding causality of mealtime
duration on children’s nutritional health is best addressed using a randomized control trial
approach. To investigate the daily use of mealtime routines in families, a diary study fitted
best for Manuscript 2. Manuscript 3 aims to deepen the evidence for parental knowledge as
a crucial basis for family health. To achieve this, an established cross-sectional survey
paradigm was adapted and refined.

In contrast, the role of children in the decision-making process is less understood
and has been largely overlooked in theoretical frameworks (Michaelson et al., 2021). For
this reason, a more qualitative and exploratory approach was adopted. A brief,
intergenerational questionnaire administered to an access panel provided an initial
overview of generational differences in dietary decisions and advocacy behaviors in
Manuscript 4, while Manuscript 5 takes a more detailed dive into a single negotiation
process between parents and their children. This observational data, combined with
questionnaire responses, offers the granularity needed to gain an initial understanding of
the intergenerational decision-making dynamics.

Additionally, the studies vary in the type of family members involved. Some

studies focus exclusively on parents, particularly when the research questions pertain to
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their roles or when children are too young to provide reliable data (Manuscripts 2 and 3).
However, to adequately capture social interactions at the family level, this dissertation
includes studies with parents and adolescents representing their generation (Manuscript 4),
as well as dyadic studies involving both parents and their children (Manuscripts 1 and 5).
Adolescents are defined as a subgroup of children aged 10 to 24 (Sawyer et al., 2018).
Therefore, I will refer to children in general as a generational group, using the term
adolescents when specifically addressing participants or samples of this subgroup.

Proxy measures for nutritional health also vary between studies, fitting best to the research
question I aimed to address and the design of the study: We used intake of fruits and
vegetables as a short-term outcome variable when looking at specific meals in Manuscript
1 and 2, long-term measures as BMI and health conditions for the cross-sectional approach
in Manuscript 3 and meat preferences/intake as a possible niche for adolescents to

influence family nutritional health in manuscript 4 and 5.
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Manuscript 1 - Effect of longer family meals on children’s fruit and vegetable intake:

A randomized clinical trial

Published Article:
Dallacker, M., Knobl, V., Hertwig, R., & Mata, J. (2023). Effect of longer family meals on
children’s fruit and vegetable intake: A randomized clinical trial. JAMA network open, 6(4),

€236331-e236331. https://doi.org/10.1001/jamanetworkopen.2023.633 1
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newo Open.

Original Investigation | Public Health

Effect of Longer Family Meals on Children’s Fruit and Vegetable Intake

A Randomized Clinical Trial

Mattea Dallacker, PhD; Vanessa Knobl, MSc; Ralph Hertwig, PhD; Jutta Mata, PhD

Abstract

IMPORTANCE Family meals are a formative learning environment that shapes children’s food
choices and preferences. As such, they are an ideal setting for efforts to improve children’s
nutritional health.

OBJECTIVE To examine the effect of extending the duration of family meals on the fruit and
vegetable intake in children.

DESIGN, SETTING, AND PARTICIPANTS This randomized clinical trial used a within-dyad
manipulation design and was conducted from November 8, 2016, to May 5, 2017, in a family meal
laboratory in Berlin, Germany. Included in the trial were children aged 6 to 11 years who did not follow
a special diet or have food allergies and adult parents who served as the nutritional gatekeeper in the
household (ie, the family member responsible for at least half of the food planning and preparation).
All participants underwent 2 conditions: control, defined as regular family mealtime duration, and
intervention, defined as 50% longer mealtime duration (10 minutes longer on average). Participants
were randomized to the condition they would complete first. Statistical analyses of the full sample
were conducted between June 2 and October 30, 2022.

INTERVENTIONS Participants had 2 free evening meals under different conditions. In the control or
regular condition, each dyad ate in the same amount of time as their reported regular mealtime
duration. In the intervention or longer condition, each dyad had 50% more time to eat than their
reported regular mealtime duration.

MAIN OUTCOMES AND MEASURES The primary outcome was the number of pieces of fruits and
vegetables eaten by the child during a meal.

RESULTS A total of 50 parent-child dyads participated in the trial. Parents had a mean (range) age
of 43 (28-55 years) years and were predominantly mothers (36 [72%]). Children had a mean (range)
age of 8 (6-11) years and included an equal number of girls and boys (25 [50%]). Children ate
significantly more pieces of fruits (t,q = 2.36, P = .01; mean difference [MD], 3.32[95% Cl, 0.96 to
]; Cohen d = 0.33) and vegetables (t,q = 3.66, P <.001; MD, 4.05 [95% Cl, 2.19 to %]; Cohen

d = 0.52) in the longer condition than in the regular mealtime duration condition. Consumption of
bread and cold cuts did not significantly differ between conditions. The children’s eating rate (bites
per minute over the regular mealtime duration) was significantly lower in the longer than in the
regular condition (t,q = -7.60, P < .001; MD, -0.72 [95% Cl, -0.56 to «]; Cohen d = 1.08). Children
reported significantly higher satiety after the longer condition (V = 36.5, P < .001).

CONCLUSIONS AND RELEVANCE Results of this randomized clinical trial suggest that the simple,
low-threshold intervention of increasing family mealtime duration by approximately 10 minutes can

(continued)

ﬁ Open Access. This is an open access article distributed under the terms of the CC-BY License.

Key Points

Question How does increased family
mealtime duration affect children’s fruit
and vegetable intake?

Findings In this randomized clinical trial
of 50 parent-child dyads, children aged
6 to 11 years ate significantly more fruits
and vegetables when family meals
lasted approximately 10 minutes longer.
Intake of other foods offered did not

increase.

Meaning Findings of this trial indicate
that increasing family mealtime duration
is a simple, inexpensive, and
low-threshold intervention that can
significantly improve children’s diets.

+ visual Abstract

+ Supplemental content
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Abstract (continued)

improve the quality of children’s diet and eating behavior. The findings underscore the potential for
such an intervention to improve public health.

TRIAL REGISTRATION ClinicalTrials.gov Identifier: NCT03127579

JAMA Network Open. 2023;6(4):€236331. doi:10.1001/jamanetworkopen.2023.6331

Introduction

Low fruit and vegetable intake increases the risk for chronic noncommunicable diseases."? Yet
children worldwide eat considerably less fruits and vegetables than the recommended amount.?
Family meals are central to children’s nutrition, with about two-thirds of their calorie intake coming
from food prepared at home* and most meals being eaten in the family setting.” Family meals thus
serve as a formative learning environment that shapes the food choices and preferences of children.®

A meta-analysis of observational studies identified several components of family mealtimes
that were associated with better nutritional health in children.” A longer mealtime duration was the
most beneficial. This finding may seem counterintuitive considering that longer mealtimes were
reported to be associated with greater food intake.® However, many of these studies focused on
social occasions with an overabundance of festive foods® or longer exposure to food'® and on adults
rather than children. Everyday family meals, in contrast, are embedded in daily routines® and typically
involve more fruits and vegetables compared with meals eaten outside the home.""® As such,
increasing the duration of everyday family meals may increase children’s exposure to, and potentially
consumption of, healthy foods. Furthermore, eating as a family may have additional (indirect) effects
on children’s eating behavior, including a positive mealtime atmosphere, which in turn is associated
with better nutrition quality.” It could also prompt children to eat at a slower pace, which can
enhance satiety (ie, feeling full) and reduce food intake.'*"

In this randomized clinical trial, we aimed to examine the effect of extending the duration of
family meals on the fruit and vegetable intake in children. In terms of this primary outcome, we
hypothesized that children eat more fruits and more vegetables when the regular family mealtime
duration is extended. We also explored when additional fruits and vegetables were eaten and
whether longer meals led to increased consumption of other foods and beverages. In terms of
secondary outcomes, we hypothesized that longer family meals facilitate a more positive mealtime
atmosphere, decrease eating rates, and increase satiety that, in turn, will lead to lower intake
of dessert.

Methods

From November 8, 2016, to May 5, 2017, we conducted a within-dyad randomized clinical trial
involving parent-child dyads, which consisted of 1 parent and 1 child aged 6 to 11 years. The Max
Planck Institute for Human Development Ethics Committee approved the trial protocol
(Supplement 1). Parents provided written informed consent, and children provided oral consent. We
followed the Consolidated Standards of Reporting Trials (CONSORT) reporting guideline.

Participants

Eighty parent-child dyads were recruited to participate. Of these dyads, 26 did not meet the inclusion
criteria and 4 declined to participate (Figure 1). Included in the trial were children aged 6 to 11 years
who did not follow a special diet or have food allergies and adult parents who served as the
nutritional gatekeeper in the household (ie, the family member responsible for at least half of the
food planning and preparation). Potential participants were contacted from a volunteer participant
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database maintained at the Max Planck Institute for Human Development. Note that the
preregistration stated that children between 6 and 10 years would be recruited. Due to a
misunderstanding, we also recruited 1 child aged 11 years. We cannot think of any reason that this
incident should affect the results and conclusions.

All participants underwent 2 mealtime conditions (control or regular and intervention or
longer), but they were randomized to the condition they would complete first. The order of the 2
conditions was randomized using a block randomization procedure (AB/BA design), and the interval
between conditions was 1to 3 weeks.

Intervention

First, parents completed an online preassessment together with their children at home. Second, they
were invited to the laboratory for 2 free evening meals, which took place under different conditions.
In the regular condition, each dyad was given the same amount of time to finish the meal as their
reported regular mealtime duration (mean [SD] reported duration, 20.83 [7.46] minutes). In the
longer condition, each dyad had 50% more time than their reported regular mealtime duration (on
average, 10 minutes longer).

Participants were served a typical German evening meal of sliced bread, cold cuts of cheese and
meat, and bite-sized pieces of fruits and vegetables. At the end of the meal, the table was cleared
and participants were offered a dessert of chocolate pudding or fruit yogurt and cookies. Water and
1sugar-sweetened beverage were provided throughout the meal. All foods and beverages served
reflected the child's preferences as reported in the online preassessment. Participants were
instructed to not eat anything in the 2 hours before coming to the laboratory for the free meals.
Before beginning their meal, participants were informed of the exact time the investigator would
return to clear the table. For example, in the regular condition, if the family's regular mealtime
duration was 20 minutes and the meal started at 6 pPm, participants were informed that the
investigator would return at 6:20 pm. We deliberately avoided stating that the participants had 30 (vs
20) minutes available because we did not want to draw attention to the trial objective. Poststudy
inquiry showed that no participants suspected that the trial was related to mealtime duration. Third,
participants completed a postmeal questionnaire on satiety and perceived mealtime atmosphere.

Trial Outcomes

Video cameras simultaneously recorded the meals from 2 angles: frontal view of the child and frontal
view of the parent. The recordings were merged into 1double-view movie and coded using Datavyu
software, version 1.2.2 (Datavyu Team).'®

Figure 1. Flow Diagram

80 Parent-child dyads assessed for eligibility

30 Dyads excluded
> 26 Did not meet inclusion criteria
4 Declined to participate

50 Dyads randomized to start with
either longer mealtime duration
(intervention) or regular mealtime
duration (control); all dyads received
the intervention

25 Dyads started with intervention (25 dyads received 25 Dyads started with control (25 dyads received
intervention and 25 received control) intervention and 25 received control)
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Food consumption of the parent-child dyads was coded from the video recordings by
independent coders using a standardized coding system. Key variables were the number of pieces of
fruits and vegetables, the number of bread and cold cuts (ie, slices of bread, cheese, and cold cut
meat; teaspoons of butter and sweet spreads), the amount of dessert (teaspoons of chocolate
pudding or fruit yogurt; number of cookies), and the amount of water and sugar-sweetened
beverages in milliliters (estimated to the nearest 100 mL). All participants were offered the same
food and beverage categories (ie, fruits and vegetables, bread and cold cuts, dessert, and water and
sugar-sweetened beverages) and serving sizes. Foods served were held constant within families
across regular and longer conditions. The exact food type (eg, type of bread and type of fruit)
reflected the child's preferences (eg, favorite bread and top-3 preferred fruits) that were reported in
the online preassessment and thus varied between families. Due to the natural variation in the size
of fruits and vegetables, it was not possible to ensure that all pieces were uniform. The weight range
was 10 to 14 g for cherry tomatoes and 6 to 10 g for grapes and tangerine segments. Other fruits and
vegetables (eg, apples and cucumbers) were cut into pieces weighing 9 to 11 g. Variability in size likely
balanced out across conditions.

In an independent pilot study (N = 10), negative communication was not observed within dyads
(Mattea Dallacker, PhD, unpublished data, 2016). We therefore measured variability between the 2
conditions in self-rated mealtime atmosphere and observed the amount of interpersonal
communication. Interpersonal communication was defined as positive or neutral verbal information
exchange (eg, about interests or family life), including joking and commenting on feelings or
emotions, and was coded from the video recordings using a standardized system (ABC Mealtime
Coding System'). The proportion of interpersonal communication in milliseconds compared with
total mealtime was calculated as an indicator of mealtime atmosphere."”

The number of bites taken per minute was coded from the video recordings (see Llewellyn
et al'® for a similar procedure). Mean bites per minute were calculated by dividing the number of
bites, counted in the same amount of time in both conditions (ie, regular mealtime duration), by the
regular mealtime duration (in minutes). This calculation permitted us to compare the eating rate in
the regular condition with the eating rate in the longer condition during the same time window.

Coding was conducted by 2 trained research assistants who were blinded to the trial objective.
An independent rater coded a randomly selected 20% of the videos. Interrater reliability was high
for food consumption (intraclass correlation coefficient, 0.964-0.997) and interpersonal
communication (intraclass correlation coefficient, 0.934).

Demographic characteristics, family mealtime duration, and food preferences of the child were
collected in the online preassessment. All participants were from Berlin, Germany; ethnicity was not
assessed. Parents were asked to measure the duration of their next main family meal and to use this
duration as a basis for estimating their regular mealtime duration. Children's food preferences were
measured using a 5-point Likert-type scale, which was adapted from Fildes and colleagues, that
rated 40 food and drink items typically served at an evening meal in Germany, with 1indicating
dislikes a lot to 5 indicating likes a lot. The top-ranked items (with a score of at least 3 for likes a bit)
were served at the laboratory meal.

After both evening meals at the laboratory, parents rated their satiety on a visual analog scale
with the poles of not hungry at all and extremely hungry,2° and they rated the atmosphere of the
meal on a 5-point Likert scale of Tindicating very negative to 5 indicating very positive.' Children
rated their satiety using a picture rating scale.??

Data Preparation

To compare families whose mealtime durations differed, we converted the mealtime from minutes
to percentages, with 0% to 100% of mealtime referring to the regular mealtime duration (in both
regular and longer conditions) and 100% to 150% of mealtime referring to the extra time (longer
condition only). Start and end times of interpersonal communication, start time of each bite, and
each food consumed were exported from the Datavyu platform.
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Statistical Analysis

One- or 2-sided, paired t tests were performed to compare food consumption in the 2 conditions. A
longitudinal multilevel analysis (random slopes and fixed intercept) was conducted to explore
consumption dynamics. First, we tested for both conditions and separately for fruits and vegetables
whether a linear or a logarithmic curve better described cumulative consumption over time. A linear
pattern would suggest that the more time children are given for eating, the more fruits and
vegetables they consume at a meal, whereas a logarithmic pattern would suggest that children
usually stop eating after a certain amount of time. Percentage of mealtime served as a level 1 variable,
with the cumulative number of pieces of fruits and vegetables consumed as the dependent variable.

Second, we included condition as a level 2 variable in the better-fitting model. Using the cross-
level interaction of the 2 independent variables, we could explore whether the increase in fruits and
vegetables (primary outcomes) consumed by the end of the regular meal duration differed between
conditions. We further tested for differences between conditions in the secondary outcomes:
amount of interpersonal communication and eating rates (using paired t test) and self-rated
atmosphere and satiety (using Wilcoxon signed rank test). In both groups, bites per minute in the
regular mealtime duration (ie, 0%-100%) served as the dependent variable.

The statistical tests used are generally robust against violations of normal distributions in a
sample with more than 30 participants. Nevertheless, we checked for violation of normal distribution
using the Shapiro-Wilk test. In case of violation, we reran the analyses using nonparametric tests. In
all cases, the results of the parametric and nonparametric test results were equivalent. All
participants provided complete data. P < .05 indicated significance for all statistical tests. For 2-sided
tests, we reported the upper and lower bounds of 95% Cls; for 1-sided tests, only 1 bound was
reported, with the other bound being infinity. Statistical analyses of the full sample were conducted
between June 2 and October 30, 2022, using R, version 3.2.3 (R Foundation for Statistical
Computing).

Results

Fifty parent-child dyads participated in the trial. Parents had a mean (range) age of 43 (28-55) years
and included 36 mothers (72%) and 14 fathers (28%); no participants identified as nonbinary.
Children had a mean (range) age of 8 (6-11) years and included 25 girls (50%) and 25 boys (50%). Of
the parents, 41(82%) completed academic-track secondary education level. Sample size was
calculated based on a meta-analysis on mealtime duration and children’s nutritional health” using
G*Power.?* With an assumed effect size of Cohen d = 0.4 (power = 0.85; a = .05), a total sample of
47 dyads was required.

Primary Outcomes
Fruit and Vegetable Consumption
As we hypothesized, children ate significantly more pieces of fruits (t,q = 2.36, P = .01; mean
difference [MD], 3.32 [95% Cl, 0.96 to «]; Cohen d = 0.33) and vegetables (t,4 = 3.66, P < .001; MD,
4.05[95% Cl, 2.19 to «]; Cohen d = 0.52) in the longer than in the regular mealtime duration
condition. The consumption of bread and cold cuts in kilocalories did not differ significantly between
conditions (t,q = 1.25, P = .22; MD, 30.4 [95% Cl, -18.28 to 79.08]; Cohen d = 0.18), but children
drank significantly more milliliters of water (t,q = 3.70, P < .001; MD, 54.2 [95% Cl, 24.73-83.67];
Cohend = 0.52) and sugar-sweetened beverages (t,q = 2.37, P = .02; MD, 36.5 [95% Cl, 5.53-67.471;
Cohend = 0.34) in the longer condition (Figure 2; eTable 2 in Supplement 2). We found similar
results in parents (eTable 1in Supplement 2).

To address potential order effects of the longer condition, we descriptively examined whether
the patterns of results replicated across both orders. Results were replicated for all primary
outcomes. Given the high educational level among parents in the sample, we reran the analyses and
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included only those children whose parents had not completed academic-track secondary education.
We found equivalent results with respect to direction and effect size.

Consumption Dynamics

To explore consumption dynamics over time, we specified a linear and a logarithmic mixed model for
the regular and longer conditions. For both conditions, the linear model showed a better fit for fruits
(longer condition: Akaike information criterion [AIC], 37 420 vs 41888; regular condition: AIC, 21279
vs 25 554) and vegetables (longer condition: AIC, 29 577 vs 41 888; regular condition: AIC, 16 706 vs
19 856). eFigures 1and 2 in Supplement 2 showed the cumulative distribution of fruits and
vegetables consumed over time for each condition and for each child observed. To investigate this
finding further, we included condition as a level 2 variable in the better-fitting (linear) model. For
vegetables, the cross-level interaction between percentage of mealtime and condition was
significantly different from O and there was an interaction for the longer condition (b = 0.01;

P =.001). This finding means that children had already eaten more pieces of vegetables by the time
their regular mealtime was over in the longer condition (ie, 100% of 150% mealtime duration)
compared with the regular condition (100% of 100% mealtime duration). For fruits, a significant
cross-level interaction emerged ((b = -0.01; P < .001), indicating that children had eaten fewer
pieces of fruit by the end of their regular mealtime in the longer vs regular condition. Because more
fruit was eaten in the longer condition, this result suggests that the additional fruit was consumed
during the extra time.

Secondary Outcomes

The proportion of time spent engaged in positive interpersonal communication did not differ
significantly between the regular and the longer conditions (t,q = 1.36, P = .09; MD, 3.2 [95% Cl,
-0.75 to ). Likewise, there was no significant difference in self-rated atmosphere between the 2
conditions (V [Wilcoxon signed rank test] = 126.5, P < .71; 95% Cl, -1.00 to 0.00).

Children’s eating rate (bites per minute) was significantly lower in the longer than in the regular
condition (t,q = -7.60, P < .001; MD, -0.72[95% Cl, -0.56 to «]; Cohen d = 1.08). Children reported
significantly greater satiety in the longer than in the regular condition (V = 36.5, P < .001; 95% Cl,
2.00 to ). However, consumption of dessert in kilocalories was not significantly lower in the longer
condition (t,q = -1.47, P = .07; MD, -12.3 [95% Cl, 1.69 to «]; Cohen d = 0.21).

Discussion

This randomized clinical trial found that children consumed significantly more fruits and vegetables
when family meals lasted 10 minutes longer, on average. The 7 additional pieces of fruits and

Figure 2. Children’s Food Consumption by Condition and Food or Beverage Category

‘ [l Regular meal duration [I7] Longer meal duration

@ Fruits and vegetables Bread, cold cuts, and dessert Water and sugar-sweetened
beverages
P=.22
20+ 400 250+
P=.012 — P=.0222
.
154 P<.0012 200+
—— P<.0012
1504 —— Fruits were approximately 10 g per piece (6-10 g for
g 104 z grapes and tangerine segments; 10-14 g for cherry
a 100 tomatoes; and 9-11 g per cut piece of apple, banana,
carrot, or cucumber). Cold cuts include cheese, cold
] 50 cut meats, butter, and sweet spreads. Error bars
5 t meats, butter, and sweet spreads. Error b
represent the SEs of the means.
0- 0- a onifi ;
Fruits Vegetables Bread and Dessert Water  Sugar-sweetened The significant difference between regular and
cold cuts beverages longer mealtime duration conditions.
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vegetables (on average) corresponded to approximately 1 portion or 100 g (eg, 1 medium apple).?*

This outcome has practical importance for public health because 1additional daily portion reduces
the risk of cardiometabolic disease by 6% to 7%.%° Moreover, this outcome was specific to fruits and
vegetables; children did not eat significantly more of the other foods on offer. This finding is in line
with results of cross-sectional studies showing that longer family meals are associated with better
diet quality in children” as well as with observational studies®® and 1randomized clinical trial*’ in the
school context. That trial?” found that extending school lunch time increased fruit and

vegetable intake.

Higher intake of fruits and vegetables during longer meals cannot be explained by longer
exposure to food alone; otherwise, an increased intake of bread and cold cuts would have occurred.
One possible explanation is that the fruits and vegetables were cut into bite-sized pieces, making
them convenient to eat. Previous studies found that longer exposure to accessible foods increased
the intake of these foods.?8%° Inconvenience or friction®° may explain why children did not consume
more of the main components, such as bread or cheese, during longer meals; grabbing a bite-sized
piece of fruit seemed more convenient than topping a slice of bread with cheese. Explorative
analyses showed that the longer the meal lasted, the more fruits and vegetables the children ate and
that more vegetables were eaten from the start, whereas the additional fruit was consumed during
the extra time.

Additionally, longer family meals were associated with a slower eating rate, increased satiety,
and a lower risk of obesity in children®' potentially because increased satiety played a role in reduced
snacking between meals.>? We did not find a more positive mealtime atmosphere during the longer
condition possibly because the laboratory setting led to more socially desirable communication,
resulting in a ceiling effect.>3

Strengths and Limitations

The within-dyad manipulation design using video observation permitted causal inferences to be
drawn. Despite this major strength, findings from the laboratory setting cannot simply be generalized
to natural eating environments. Other limitations are that video observations can increase socially
desirable behaviors,>* the sample had limited ethnic and socioeconomic diversity, and it remains
unclear whether the effect of the intervention can be maintained over time. Some limitations were
mitigated by the use of a within-dyad design. Comparing dyads with themselves makes it possible to
control for situational factors (eg, video observation in both regular and longer conditions) and
sample characteristics. Nevertheless, further studies should examine the effects of longer mealtime
duration in more diverse samples and across longer time frames.

Conclusions

Results of this randomized clinical trial suggest that increasing family mealtime duration by
approximately 10 minutes can improve children’s diets and eating behavior. How can families
establish new routines with longer mealtimes? Possibilities include focusing on the mealtime that is
most likely to succeed (ie, not breakfast when everyone is in a rush), accommodating children’s
preferences (eg, playing music they have chosen in the background), and setting transparent rules
(eg, everyone stays at the table for a certain time). These strategies may not always work; habit
change takes effort but the necessary competences can be fostered.3® The effect of family meal
duration on children’s intake of fruits and vegetables requires the availability of fruits and vegetables
on the table. If the effects of this simple, inexpensive, and low-threshold intervention prove stable
over time, it could contribute to addressing a major public health problem.
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Supplement 1: Study Protocol as an eSupplement: https://osf.io/kbsdp?view_only=c{732061e0084486be698adea8b1540a

Supplement 2:

eTable 1. Food and Beverages Consumed by Adults (N = 50)

Food item Regular meal duration Longer meal duration ~ Mean difference P Cohen’s d
M (SD) M (SD) (95% CI)
Fruits (pieces) 15.04 (12.01) 19.34 (12.38) 4.3 (2.02) 0.001 0.45
Vegetables (pieces) 17.88 (11.22) 20.7 (10.3) 2.82(0.53) 0.022 0.29
Bread and cold cuts* (kcal) 347.1 (140.28) 396.73 (157.99) 49.63 (5.75-93.5) 0.028 0.32
Sugar-sweetened beverages (ml) 81.2 (103.97) 103.5 (135.71) 22.3(-1.32-45.92) 0.064 0.27
Water (ml) 230.2 (155.86) 283 (164.02) 52.8 (11.08 — 94.52) 0.014 0.36
Dessert (kcal) 87.1(72.33) 83.7 (71.711) -3.4 (6.65) 0.287 0.08
*Cold cuts include cheese, cold meat, butter, and sweet spreads.
eTable 2. Food and Beverages Consumed by Children (N = 50)
Food item Regular meal duration Longer meal duration Mean difference P Cohen’s d
M (SD) M (SD) (95% CI)
Fruits (pieces) 11.06 (11.33) 14.38 (11.86) 3.32(0.96) 0.011 0.33
Vegetables (pieces) 7.18 (6.03) 11.23 (10.51) 4.05(2.19) <0.001 0.52
Bread and cold cuts* (kcal) 313.53 (159.62) 343.93 (178.82) 30.4 (-18.28—-79.08) 0.216  0.18
Sugar-sweetened beverages (ml) 155.2 (129.19) 191.7 (140.57) 36.5 (5.53 - 67.47) 0.022 0.34
Water (ml) 80 (87.69) 134.2 (124.08) 54.2 (2473 -83.67)  <0.001 0.52
Dessert (kcal) 131.9 (60.11) 119.6 (60.71) -12.3 (1.69) 0.073 0.21

*Cold cuts include cheese, cold meat, butter, and sweet spreads.
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ARTICLE INFO ABSTRACT

Keywords: Children eat most of their meals in a family context, making family meals a key environment in which to learn

Child about healthy food. What makes a family meal “healthy”? This diary study examined the practice of seven family

Pare.m mealtime routines (e.g., positive mealtime atmosphere, parental modeling, and longer meal duration) and their

FMmily meal . predictive value for children’s healthier nutrition focusing on everyday family meal settings.

Njfrittl;f routines Over 7 consecutive days, parents from N = 310 families (Mage = 42 years) described their most important

Eating family meal of the day and food intake for an index child (Mage = 9 years) and indicated what mealtime routines
were practiced during the family meal. On average, each parent responded to 5.6 (SD = 1.4) of seven daily
surveys. Mean correlations between mealtime routines were small (rs between —0.14 and 0.25), suggesting
independent and distinct routines. Creating a positive atmosphere and turning TV and smartphones off were
reported most often (on average, 91.2% and 90.5%, respectively). Parent’s fruit and vegetable intake and
creating a positive mealtime atmosphere were the strongest predictors for children’s higher nutritional quality (i.
e., higher vegetable and fruit intake; ps < .001). Findings indicate that mealtime routines obtained from inde-
pendent meta-analyses represent distinct routines. Families practiced these independent and distinct routines to
different degrees. Parental modeling and a positive mealtime atmosphere were most predictive of healthier child
nutrition in daily family meal settings. More experimental research is needed to better understand causality and

provide a better basis for effective interventions.

1. Introduction

Eating is an essential social experience. Most shared meals are
consumed in a family context (Frank et al., 2019) and theoretical
frameworks emphasize the importance of family systems for health
promotion (see Michaelson et al., 2021, for an overview). According to
these frameworks, the creation of a healthy environment—including the
structuring of family meals, parents acting as nutritional gatekeepers,
and parental modeling behavior—is essential for behavior change (e.g.,
Golan & Weizman, 2001). Extending ecological models, Davison et al.
(2013) included the child and their behavior and cognition as an actor
contributing to the interdependent system family.

There has been disagreement in the scientific literature about what
exactly constitutes a family meal (see, e.g., Martin-Biggers et al., 2014,
for an overview). Some studies proposed that the entire family has to sit
at the table to maximize the positive aspects of eating together (e.g.,

(Overby et al., 2020), whereas others used a less strict definition (e.g.,
Robson et al., 2020). Importantly, the meta-analysis by Dallacker et al.
(2018) did not find an effect of the number of family members at the
table on the relation between family meal frequency and children’s
nutritional health. As a practical consequence, meals with as few as two
people eating together can count as family meals.

Over the past 20 years, numerous studies have consistently shown
that more frequent family meals are associated with several positive
outcomes regarding children’s nutritional health, including higher fruit
and vegetable intake and overall healthy eating, lower soft drink con-
sumption, lower body mass index (BMI), and fewer eating disorders (e.
g., Dallacker et al., 2018; Glanz et al., 2021; Robson et al., 2020). Yet,
the underlying mechanisms are still not well understood (Rosemond
et al., 2019), despite promising findings from cross-sectional studies: A
meta-analysis by Dallacker et al. (2018) identified six mealtime routines
that are linked to healthier nutrition and body weight in children. These
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routines include parental modeling, TV off during meals, meals prepared
at home, children’s involvement in preparation, longer meal duration,
and positive mealtime atmosphere. A particular focus of our study was
on the practice of these family mealtime routines in a large, heteroge-
neous sample of families living in Germany. We additionally investi-
gated smartphone use because digital devices are increasingly replacing
TV use (Breunig et al., 2020) and their use have been shown to poten-
tially decrease family mealtime enjoyment (Dwyer et al., 2018).

1.1. Research gaps

1.1.1. Vadlidation of the mealtime routines

Dallacker and colleagues’ (2019) identification of six mealtime
routines was the first systematic approach to summarizing frequently
investigated mealtime routines. The routines were drawn from the
literature without considering their prevalence. Therefore, Dallacker
et al. could not determine the degree to which the routines were actually
practiced and integrated into families’ everyday life: Do families use
one, several or all of these mealtime routines during a typical meal?

1.1.2. Relationship between family mealtime routines

Many studies examined the impact of individual family mealtime
routines on various child health outcomes (e.g., fruit and vegetable
intake, diet quality, BMI; for a meta-analysis see Dallacker et al., 2019).
Only a handful of studies considered two different mealtime routines (e.
g., Dwyer et al., 2018; Feunekes et al., 1995; Fulkerson et al., 2014;
Trofholz et al., 2017). Since a complex social situation such as a family
meal is likely not sufficiently described by one or two behavioral rou-
tines it means that our knowledge about this paradigmatic social insti-
tution family meal is severely limited. Also, investigating
intercorrelations between routines addresses the extent to which they
represent distinct or overlapping behaviors.

Studies that went beyond a single routine all turned to the rela-
tionship of media use and mealtime atmosphere. In summary, media
consumption in general and mealtime atmosphere have been found to be
negatively correlated. More specifically, TV consumption at family
meals was negatively associated with mealtime atmosphere (Trofholz
et al., 2017); restaurant meals with family and friends were less enjoy-
able and associated with a lower sense of well-being when smartphones
lay on the table (Dwyer et al., 2018), and general media use was related
to lower quality of family communication (Fulkerson et al., 2014). In
contrast, link between mealtime atmosphere and the meal’s duration
has received scant attention: One diary study showed that the duration
of a face-to-face social interaction predicted participants’ happiness
(Vlahovic et al., 2012), and there are indications that this finding gen-
eralizes to the duration of social interaction at family meals and positive
atmosphere (Feunekes et al., 1995).

1.1.3. Family mealtime routines and Children’s diet quality

Most studies that examined the impact of family mealtime routines
on children’s nutritional health outcomes are cross-sectional. The few
longitudinal studies concentrated on ensuring temporal order of effects
by using a panel design and collecting data at two measurement times,
years apart. For example, Larson et al. (2007) showed that more
frequent family meals in adolescence was associated with more fruit and
vegetable intake and less soft drink consumption about 5 years later, in
early adulthood. Metcalfe and Fiese (2018) reported higher fruit and
vegetable intake among preschoolers after more involvement in food
preparation 1 year earlier. To better understand consecutive day-to-day
family mealtime routines, daily measurement designs are desirable. For
example, Berge et al. (2014) evaluated video-recorded family meals over
8 consecutive days and found associations between positive family dy-
namics (i.e., warmth, group enjoyment, parental positive reinforcement)
at family meals and reduced risk of being overweight in childhood.

Appetite 171 (2022) 105939

1.1.4. Experimental manipulation of mealtime atmosphere

Research on causal relations between family mealtime routines and
children’s diet quality is very rare. One of the few exceptions studied
whether experimentally induced noise caused distraction during the
mealtime (Fiese et al., 2015). Indeed, the noise led to less positive
communication between family members and children ate more cookies.
Another recent experiment invited parent-child dyads twice to the lab
and served a typical German evening meal (consisting of bread, cold
cuts, cheese, fruits, and vegetables, etc.). In one condition, the dyads had
as much time for their dinner as they usually take; in the other condition
they had 50% more time. Longer meal duration increased children’s
consumption of fruits and vegetables but did not significantly increase
their consumption of bread and cold cuts (Dallacker et al., 2017).
Building on this study, we chose mealtime atmosphere—the second
largest predictor next to duration—as a target routine for another first
intervention attempt (cf. Dallacker et al., 2019).

1.2. Hypotheses and research questions

Our first goal was to describe the extent to which family mealtime
routines are actually practiced: We expected (1) the seven target rou-
tines reported previously to also manifest in the everyday context of
family meals. Although one can expect the seven target routines to play
some role in family meal contexts, little is known about their prevalence
and concurrence. Our second goal was to examine the interrelations
between those seven mealtime routines. Based on the limited past evi-
dence, we predicted (2a) a negative link between media consumption
(TV and smartphone) during the meal and mealtime atmosphere and
(2b) a positive link between mealtime duration and atmosphere during
the meal. Furthermore, by their nature, home-made and freshly pre-
pared foods, unlike pre-fabricated food, permit but do not necessitate
parents to involve their children in the preparation of meals. We pre-
dicted (2c¢) that children’s involvement in meal preparation is positively
related a home-prepared meal. Given the general scarcity of theoretical
models and empirical studies on the relation between different mealtime
routines, our examination of the other links between the seven different
family mealtime routines was inevitably exploratory.

Our third goal was to investigate the influence of the seven mealtime
routines on diet quality. We did so in two different ways: First, we
compared the relative influence of the routines within the same statis-
tical model. Second, we implemented an intervention for mealtime at-
mosphere, and predicted a different influence on nutritional quality for
different experimental groups. On the basis of the meta-analysis by
Dallacker et al. (2019), we predicted (3) a small effect of all routines on
children’s fruit and vegetable intake.

2. Methods
2.1. Transparency and openness

We report all data exclusions, all manipulations, and all measures
that were included in the study. In addition, all data, analysis code, and
research materials are available at [https://osf.io/c9y3t/?
view_only=cf732061e0084486be698adea8b1540a]. Data were
analyzed using RStudio version 1.3.959 (RStudioTeam, 2020). The
ethics commission of the University of Mannheim approved this study.

2.2. Design and procedure

Adult participants were recruited via telephone from forsa.omninet
panel, an internet panel that is representative of the German population
aged 14 and over. To be eligible, participants needed to have at least one
child between 3 and 17 years old. Only one parent per family partici-
pated in the study. This parent was instructed to answer the question-
naire in relation to themselves and to one child of the family. If there was
more than one child in the family, the parent was asked to answer with
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respect to the child with the most recent birthday (the ‘index child’).
After giving informed consent, participants answered an entry ques-
tionnaire and then were randomly assigned to one of three experimental
groups (see details below). Over the next 7 consecutive days all partic-
ipants answered identical questions about their mealtime routines every
day between 6 p.m. and midnight. Participants could receive a
maximum reward of €10 for taking part in the study: €1.50 for
answering the first questionnaire and another €1 for each additional
questionnaire answered, and if they answered all seven questionnaires, a
bonus of €2.50.

2.3. Measures

2.3.1. Entry questionnaire

Participants reported the number of adults and children living in
their household and were asked the following about the index child: age,
gender, height, and weight, as well as daily portions of fruits and veg-
etables eaten during a usual week. Additionally, parents reported their
own age, gender, relationship and employment status, educational
qualifications, and household income after taxes. Parents also reported
which family member was mainly responsible for meal planning/prep-
aration and had the strongest influence on the nutrition of the family
(answer options: myself, my partner, both, others).

2.3.2. Daily questionnaires

Meal Characteristics. Family meals are here defined as meals in
which at least one parent eats breakfast, lunch, dinner, or any other meal
together with at least one child (i.e., the index child). We thus took the
substantial number of single-parent or working-parent households into
account (Middleton et al., 2020). This definition is in line with theo-
retical frameworks focusing on what families do (e.g., how they eat)
rather than how they look (e.g., their socioeconomic status). First, par-
ents described the characteristics of the meal as follows: most important
family meal of the day (answer options: breakfast, lunch, dinner, other
meals, and no meal), meal participants (e.g., mother, father, others),
location (e.g., at home, restaurant, other); and whether their child had
eaten the same or a different dish from the adults (5-point scale of 1 =
ate something completely different to 5 = ate the same dish as the adults). If
they reported not having had a family meal, they received no further
questions that day.

Mealtime Routines. Participants reported on different routines of
their most important family meal of the day (based on the meta-analysis
by Dallacker et al., 2019). Media consumption during the meal was
assessed by asking participants if the TV was on during the meal (5-point
Likert scale of 1 = yes, all the time to 5 = no, at no time; adapted from
Horodynski et al., 2010). Equivalent questions were asked for smart-
phone use. Atmosphere during the meal was measured with four items
(Cronbach’s a = 0.82), asking about perceived mealtime atmosphere,
parent’s satisfaction with the meal, enjoyment of the meal, and child’s
mood during the meal on a 5-point Likert scale (1 = very negative to 5 =
very positive or 1 = not at all to 5 = much enjoyed/very satisfied). Parental
modeling was assessed in two ways: (1) Participants were asked if they
had deliberately eaten fruit or vegetables during the meal to be a role
model for their child (5-point Likert scale from 1 = not at all to 5 = very
much, adapted from Musher-Eizenman & Holub, 2007); (2) they re-
ported their own fruit and vegetable intake during the meal (from “0” to
“4.5 or more portions” in steps of 0.5 portions; adapted from Harris &
Ramsey, 2015). Involvement was measured by asking how the index
child had helped or was involved in preparing the meal (5-point Likert
scale from 1 = did not help/was not involved at all to 5 = helped a lot/was
very involved; adapted from Chu et al., 2013); this question was only
asked if the most important meal was eaten at home or a friend’-
s/relative’s house. Duration of a meal was self-measured and then re-
ported in minutes (open answer). Quality of a meal was assessed by
asking if the food was homemade (yes/no; adapted from Sweetman
et al., 2011).
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Fruit and Vegetable Intake. Parents were asked about the index
child’s fruit and vegetable intake during the meal (from “0” to “4.5 or
more portions” in steps of 0.5 portions; adapted from Harris & Ramsey,
2015).

Control Variables. Parents reported whether and how many
different types of fruit and vegetables were offered at the meal. Addi-
tionally, parents in the intervention and the active control group re-
ported the extent to which they had focused their conversation
exclusively on positive topics or had conversations about a random topic
(5-point Likert scale from 1 = not at all to 5 = very much).

2.3.3. Final questionnaire

At the end of study, participants rated how typical the study week
was regarding their child’s eating behavior (6-point Likert scale from 1
= very untypical to 6 = very typical) and their own height and weight.

2.4. Experimental manipulation

We experimentally manipulated mealtime atmosphere by providing
instructions that outline desired behaviors. Parents in the passive con-
trol group answered the daily questionnaires without further in-
structions. Parents in the active control group were additionally
instructed to choose at least one topic of their liking to talk about during
mealtime. Parents in the intervention group were instructed to strive to
create a positive atmosphere during mealtime by talking about positive
topics and by avoiding disciplining children during mealtime. Experi-
mental group and the active control group received their instruction
after finishing the entry questionnaire and obtained a reminder every
study day as part of the invitation for the daily questionnaire.

2.5. Participants

A total of 351 parents took part in the study; 41 parents who
completed fewer than two questionnaires over the study week were
excluded. The final sample comprised 310 participants. Parents ranged
in age from 18 to 76 (M = 41.6, SD = 7.0) and children from 3 to 17
years (M = 8.9, SD = 4.18). Gender distribution was similar for children
and parents such that about half were girls/mothers. Of all parents, 58%
reported not having a university degree. The BMI for parents and chil-
dren ranged widely: children’s z-BMI from —5.46 to 3.44 and parents’
BMI from 17.26 to 48.44 (for detailed sample characteristics see
Table 1).

2.6. Statistical analyses

When information on parents’ or children’s fruit and vegetable
intake were missing, we assumed zero servings of fruit and vegetables
for that day. To examine the frequency of mealtime practices, we first
calculated frequency tables to analyze, which mealtime routines fam-
ilies put into practice. Next, we ran multilevel intercept-only models
(with family on Level 2 and days on Level 1) to test within and between
variance for all mealtime routines. To examine Hypothesis 2, we
calculated correlations, separately for each of the consecutive 7 study
days. Hypothesis 3 was tested using random-intercept models with
children’s fruit and vegetable intake during the meal as independent,
and family mealtime routines as dependent variables; control variables
were number of offered fruit and vegetable portions, weekend versus
weekday, and intervention-group membership. As an additional test of
Hypothesis 3, especially addressing mealtime atmosphere, we imple-
mented two multilevel models with intervention group as the predictor
and both, mealtime atmosphere and fruit and vegetable intake, as
dependent variables. This allowed us to examine whether the experi-
mental manipulation of mealtime atmosphere increased children’s fruit
and vegetable intake. Analyses were conducted using RStudio’s ImerT-
est package for mixed models (Kuznetsova et al., 2020) and ggplot2 for
figures (Wickham et al., 2021). Hypotheses were specified before data
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Table 1
Sample characteristics.
Variable Parent Child
M SD M SD

Answered daily questionnaires 5.76 1.34
Age (in years) 41.61  7.00 8.93 4.18
BMI (kg/m?)

Female 2528 4.98 —0.40"

Male 26.51 3.57 —0.49"

n % n %

Sex

Female 167 53.87 162 52.25
Education

Secondary 92 29.67

Higher level/qualification for university 69 22.26

entrance

University 132 42.58

Other 16 5.16
Nutritional gatekeeper

Me 140 45.16

Partner 63 20.32

Both 105 33.87

Other 2 0.65
Monthly household income

Under 2000 euros 29 9.35

2000-2999 euros 57 18.39

3000 euros and more 187 60.32

Note. N = 310. Participants who did not provide information are not included in
the table; therefore, 100 — shown percentage values = percentage of missing
responses.

# Body mass index (BMI) z scores, which indicate standard deviation from the
mean of the population (age-adjusted and calculated based on The Child and
Adolescent Health Survey reference data for 2003 to 2006; Neuhauser et al.,
2013); 75% of children in this sample were healthy weight, 11% overweight,
and 14% underweight.

collection and also the analytic plan was pre-specified.
3. Results
3.1. Descriptive statistics

Parents rated their child’s eating behavior during the study week as
“rather typical” (M = 4.98, SD = 0.80 on a 6-point scale). On average,
families described dinner as the most important family meal. The family
meals usually took place at home (see Table 2 for details).

3.2. Frequency of mealtime routines

For each family, we calculated the percentage of days on which they
reported using a specific routine during their meals, and then calculated
the average (percentage) use across all families. Fig. 1 shows that par-
ents reported a positive atmosphere for most of the meals. In addition,
TV and smartphones were off during almost all meals, and the vast
majority of meals were prepared at home. For about half of the meals,
both parents deliberately modeled behavior, and children were involved
in the preparation. Nearly 1 of 4 meals had a considerably longer
duration (i.e., at least 10% longer than the mode; 33 min in this sample).
In addition, we also examined the number of routines used in a family
meal: On average, a family uses more than four different routines per
meal (M=4.62, SD=.78). Some family mealtime routines occur partic-
ularly often together (see contingency table in the supplemental mate-
rials), for example positive atmosphere and smartphone off. Thus,
according to self-report data, the seven target family meal routines,
drawn from the literature, do occur in families’ lives, even though their
frequencies differ substantially. Frequency data are comparable across
all three study groups, with small differences in meal atmosphere and
children’s involvement (see supplementary material for routine use by
intervention group).
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Table 2
Mealtime characteristics and routines (mean value per family, averaged across
all families).

M SD %
Meal type Breakfast 13.31
Lunch 24.39
Dinner 56.79
Other 0.70
None
Others present at the Mother 4.81
meal 91.34
Father 74.13
Other 18.00
Location At home 89.97
Restaurant 3.11
Other 6.92
Same food as adults 75.03
Mealtime routines Homemade (yes/no) 86.91
Duration (min) 29.39 10.65
Atmosphere” 4.05 0.41
Involvement® 1.93 0.71
Modeling
Deliberately” 2.49 1.03
Fruit and vegetable 1.10 0.76
intake”
TV use’ 0.31 0.72
Smartphone use (from 1 to 0.11 0.24
5)

Child’s nutritional Fruit and vegetable intake”  0.95 0.66

health

Note. Meal characteristics calculated for each family as frequency of character-
istic divided by number of total answers for this item and then averaged over
families. Means and standard deviations calculated for each family over the
week and then averaged across families.

@ Rated on a scale of 1-5.

 Number of fruit and vegetable portions.

Next, we calculated how the different routines varied within one
family over 7 days versus between families using multilevel intercept-
only models (see Fig. 2). All routines except parental modeling varied
more within families than between families (within-family variance:
42.8%-95.5%; between-families variance: 4.5%-57.2%). To account for
this large share of within-family variance, we use multilevel modeling in
the following analyses.

3.3. Relation between mealtime routines

Table 3 shows the mean correlation between routines, averaged over
all study days, as well as the respective minimum and maximum cor-
relations (i.e., the highest and the lowest correlation on any of the study
days). The highest mean correlation was observed between mealtime
duration and atmosphere (r = 0.25), followed by mealtime atmosphere
and child’s involvement in meal preparation (r = 0.15). In general, the
associations between different meal routines are rather small and even
though they show a notable variability between the individual study
days, the variability in correlations for weekdays versus weekends was
very small (see supplementary material for individual correlation tables;
to exclude bias due to experimental manipulation, graphs and tables for
frequency and relations are also provided separately for the three groups
in the Supplementary Materials. All results with the passive control
group only are comparable in effect size and direction.).

3.4. Prediction of Children’s fruit and vegetable intake

To test whether family mealtime routines predict children’s fruit and
vegetable intake, a random intercept model was specified. Fruit and
vegetable intake (i.e., the sum of eaten portions of fruits and vegetables
during the meal) was used as the dependent variable. Predictors were
atmosphere, involvement, duration, modeling (deliberate modeling as
well as the sum of parent’s fruit and vegetable intake), homemade, TV
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Fig. 1. Percentage of use of seven family mealtime
routines averaged across all families.

Note. The percentage of use was calculated as fre-
quency of routine use divided by number of total
answers for an item (e.g., 7 = item was answered on
all 7 days of the study). Smartphone off and TV off =
All meals for which “never” (i.e., never on) was the
chosen answer category; homemade = all meals

46.8 where the answer to the item was “yes” (i.e., home-

made); positive atmosphere = all meals with an item
score >3; longer duration = all meals that took at
least 10% longer than the mode (33 min in this

236 . .
sample); involvement = all meals for which the
answer was at least “a little involved”; parental
modeling = all meals for which the item assessing if
fruits and vegetables were eaten deliberately was
answered with at least “somewhat true.”

Parental Longer
duration

Note. The percentage of use was calculated as frequency of routine use divided by number of

total answers for an item (e.g., 7 = item was answered on all 7 days of the study). Smartphone off

and TV off = All meals for which “never” (i.e., never on) was the chosen answer category;

homemade = all meals where the answer to the item was “yes” (i.e., homemade); positive

atmosphere = all meals with an item score >3; longer duration = all meals that took at least 10%

longer than the mode (33 min in this sample); involvement = all meals for which the answer was

at least “a little involved”; parental modeling = all meals for which the item assessing if fruits and

vegetables were eaten deliberately was answered with at least “somewhat true.”

and smartphone. Further, we controlled for the sum of offered portions
of fruits and vegetables, weekday versus weekend, and intervention
group membership. The results show a significant predictive effect of the
implicit measure of parental modeling—parental fruit and vegetable
intake (p < .001, R? = 0.52)—and positive mealtime atmosphere (p <
.001, R? = 0.10) on fruit and vegetable intake of children (see Table 4).
The coefficients remain largely unchanged in size, direction, and sta-
tistical significance when further controlling for children’s age, gender,
and BMI z score, or parent’s educational level, household income, and
being the nutritional gatekeeper.

3.5. Manipulation of mealtime atmosphere

Families in the active control group stated that, on average, in 76% of
their meals they were able to implement the task of discussing a topic
well or very well. Families in the intervention group were able to address
only positive topics and avoid disciplining children well or very well in,
on average, 65% of their meals. To analyze the effect of the mealtime
atmosphere interventions, we computed a multilevel model. Group
membership was dummy coded (with the intervention group as the
baseline condition) and included in the model as a predictor, and at-
mosphere was the dependent variable. Results show no significant dif-
ferences in atmosphere between the control groups and the intervention
group. In addition, there was also no significant group difference in the
children’s fruit and vegetable intake (for a regression table see supple-
mentary materials). We therefore refrained from testing a mediation
model with group as predictor, fruit and vegetable intake as outcome,
and mealtime atmosphere as mediator.

4. Discussion

Evidence-based family mealtime routines are regularly practiced in
everyday family meal situations. The routines prove relatively distinct
from each other. Some but not all the routines predict children’s fruit
and vegetable intake during family meals when compared to each other
within the same model. The current work extends previous cross-
sectional research on individual family mealtime routines with a daily
assessment field study. Going beyond past research’s narrow focus on
one or two routines, the present study analyzed a total of seven routines.

All mealtime routines were reported to be practiced, even though
frequency differed substantially. Specifically, we found that in contrast
to media reports, the consumption of TV and smartphone use played a
very small role at the family meal table, with reported use below 10%.
Similarly, mealtime atmosphere was rather positive to very positive in
over 90% of the meals per family. In addition, 87% meals were reported
to be homemade. In contrast, children’s involvement in meal prepara-
tion and parental modeling occurred, on average, considerably less
frequently in about 50% of meals. Longer duration of a meal occurred in
only about 25% of reported meals. Importantly, the average family used
more than 4 mealtime routines per meal, which underlines the impor-
tance of studying different routines simultaneously. Overall, the use of
routines is the rule rather than the exception. Importantly, these pat-
terns of use emerged consistently across the three experimental groups.

Conducting the study across 7 consecutive days allowed us to
examine the day-to-day differences in the practice of the different
mealtime routines. Except for parental modeling, all routines showed
much larger variability within than between families. This means that
many differences in family meals will likely not be detected between
families but rather within families over the course of a typical week. This
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Fig. 2. Percentage of Within-Family and Between-

Families Variance for All Seven Mealtime Routines
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Percentage of Within-Family and Between-Families Variance for All Seven Mealtime Routines
Note. Smartphone off and TV off = All meals for which “never” (i.e., never on) was the chosen
answer category; homemade = all meals where the answer to the item was “yes” (i.e.,
homemade); positive atmosphere = all meals with an item score >3; longer duration = all meals
that took at least 10% longer than the mode (33 min in this sample); involvement = all meals for
which the answer was at least “a little involved”; parental modeling = all meals for which the
item assessing if fruits and vegetables were eaten deliberately was answered with at least
“somewhat true.”
Table 3
Correlations between mealtime routines averaged over all 7 study days.
Variable 1 2 3 4 5 6 7 8
1. TV
2. Smartphone .02
[-.04, .11]
3. Atmosphere -.05 .03
[-.14, .05] [-.04, .08]
4. Involvement -.06 .03 15"
[-.18, .05] [-.02, .06] [.00, .21]
5. Duration -.05 .07 .25% .10
[-.10, .00] [-.04, .22] [.19, .33] [.04, .21]
6. Quality .03 -.08 .02 .09 -147
[-.12, .05] [-.18, .03] [-.09, .16] [-.07, .17] [-.27, —.06]
7. Deliberate parental modeling 05 -.06 .03 13 -.03 .05
[-.08, .07] [-.14, .00] [-.04, .12] [-.07, .23] [-.21, .10] [-.06, .19]
8. Veg and fruit parent .04 -.06 .18 .09 17 .14 .13
[-.13,.04] [-13,.01] [.10, .25] [.02,.18] [.05, .32] [-.01, .24] [.00, .27]
9. Veg and fruit child .04 -.04 20" 12 16" .13 .06 79*
[-.10, .01] [-.18, .08] [.10, .25] [.03, .26] [.07, .28] [-.03, .23] [-.14, .20] [.72, .85]

Note. Values in square brackets represent minimum and maximum correlations during the 7-day study period. Veg and fruit = Vegetable and fruit intake during the

meal.*p < .05 on all 7 study days. “p < .05 on 4 or more study days.

underlines the value designs with consecutive data collection in this
research.

Another goal was to understand whether the family mealtime rou-
tines identified to date represent distinct or overlapping behaviors. The
small correlations between the seven routines suggest that their distinct
nature. In contrast to Hypothesis 2a and previous research (Trofholz
et al.,, 2017), we found only minimal correlations between mealtime
atmosphere and media consumption. The correlation between atmo-
sphere and TV consumption across all survey days was very small but in

the expected negative direction; the correlations with smartphone con-
sumption were near zero. One likely explanation for these findings could
be the little variance regarding norms and behaviors pertaining to media
use at the meal table in our sample: In over 90% of the reported meals,
TVs and smartphones were turned off. There are likely to be notable
cultural differences. Even though family culture in Germany seem to
mostly ban the use of media during meals, having the TV turned on
during meals is very common in other European countries such as
Greece and Portugal (Roos et al., 2014). Further, self-report of media use
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Table 4
Prediction of Child’s fruit and vegetable intake through mealtime routines.
Effect Estimate SE 95% CI p
LL UL

Fixed effects
Intercept 11 .10 -.08 .31 .248
Duration -.01 .03 -.06 .05 .787
Involvement .04 .02 -.01 .08 101
Atmosphere .10 .02 .05 .14 <.001
Veg and fruit intake parent .52 .03 .47 .58 <.001
Deliberate parental modeling -.03 .02 -.08 .01 156
Quality .05 .09 -13 22 .593
Smartphone -.02 .02 -.06 .03 425
TV -.01 .02 -.06 .04 .630
Offered .22 .03 .16 .28 <.001
Intervention group -.04 .07 -.18 .09 .526
Active control group .04 .07 -.10 17 .602
Weekend -.02 .04 -11 .07 .655

Random effects
Within-family variance .39 .62
Between-family variance 12 .34

Note. Total N = 305. All continuous variables were scaled by dividing the
centered columns by their standard deviation to allow comparison of co-
efficients. Group is dummy-coded with the passive control group as the baseline
condition. Veg and fruit = Number of consumed portions of fruits and vegetables
during the meal; offered = number of different types of fruit and vegetables
offered; CI = confidence interval; LL = lower limit; UL = upper limit. Condi-
tional R? = 0.552.

and atmosphere could be biased by social desirability. Understanding
when and why media use is negatively related to mealtime atmosphere
would be an important next step.

Supporting Hypothesis 2b, we found the largest correlations between
family mealtime routines for atmosphere and duration, corroborating
past preliminary research (Feunekes et al., 1995; Vlahovic et al., 2012).
Surprisingly and contrary to Hypothesis 2c, we found a very small
relation between children’s involvement in meal preparation and the
meal being prepared at home. One may expect that the involvement of
children in the preparation of dinner would be higher if the meal was
homemade. A possible explanation could again be the small variance in
meal preparation: Nearly all meals were prepared at home.

Two exploratory observations seem noteworthy: First, we found a
comparably large correlation between meal atmosphere and the child’s
involvement in meal preparation. This is interesting, because involving
children more in meal preparation could not only have direct effects on
child nutrition, but also indirect beneficial effects via the fostering of the
mealtime atmosphere. A lighter atmosphere may make family meals
more enjoyable and thereby increase their frequency. Frequency of
family meals and positive mealtime atmosphere, in turn, are related to
better nutritional health in children (Dallacker et al., 2018). Second,
even though medium to high correlations were observed between par-
ents’ and children’s fruit and vegetable intake, the relation between
deliberate parental modeling and the child’s fruit and vegetable intake
was small. A similar pattern emerges for Hypothesis 3: We found a
notable, significant effect of parental modeling predicting children’s
fruit and vegetable intake only when operationalized as actual parental
fruit and vegetable intake, not as deliberately performed modeling. This
is relevant as the differentiation between actual behavior and deliberate
modeling has not been considered in previous studies (see, e.g., Dal-
lacker et al., 2019, for a meta-analysis).

Consistent with previous research and partially supporting Hypoth-
esis 3, a more positive meal atmosphere predicted higher fruit and
vegetable intake across the three experimental groups and independent
of the experimental manipulation of atmosphere. Despite its predictive
power in family meals, we still know little about what exactly constitutes
a positive atmosphere. Does a positive atmosphere mean that everyone
at the table is happy; that conversations are interesting, or that the food
tastes good? A number of observational and self-report instruments
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differentiate aspects of mealtime atmosphere, such as emotional atmo-
sphere, meal enjoyment, or positive social communication (Skafida,
2013; Trofholz et al., 2017). Our modest understanding of “positive
atmosphere” might explain the failure in manipulating family atmo-
sphere. For example, the active control group, instructed to talk about
any topic, reported a more positive atmosphere than the intervention
group, instructed to converse about positive things only. This finding
might indicate that talking about something is better than not talking at
all, or that families are naturally inclined or have learnt to raise enjoy-
able topics during family meals. It is also conceivable that an honest
exchange about more serious topics can have a positive effect on the
atmosphere at mealtimes if they have been discussed together as a
family.

In contrast to Hypothesis 3 and the findings in Dallacker et al.’s
(2019) meta-analysis, none of the other mealtime routines were pre-
dictive of children’s fruit and vegetable intake during meals. We can
think of several reasons for this lack of association. First, by covering a
longer period, this study’s setting differs from that of previous studies.
Further, this is the first study to test all routines together in a single
model, and, therefore, the influence of one mealtime routine is being
controlled for all other routines. Third, more research across different
settings and with potentially more fine-grained operationalizations of
routines could further improve our understanding about what makes
family meals healthy.

4.1. Limitations, strengths, and future research

Major strengths of this study are its large, diverse sample and the
daily assessment design on up to 7 consecutive days. This study is a self-
report online survey and relies on participants’ recall of family meals
and routines. While this ensures information about everyday family
meal settings without potentially obtrusive observers or technology,
self-reports can be subject to social desirability or perception bias. This
might be especially the case for topics such as a positive meal atmo-
sphere, for which our data suggest a positive ceiling effect. This should
be considered when interpreting the results. The diary design, however,
can help reduce recall biases, as the time between meal and survey is
relatively short. This method complements and extends findings from
previous studies that were based on cross-sectional questionnaires or
one-time observations of families in the laboratory or their home.

We are not aware of external criteria for what constitutes a “long”
meal duration, and therefore we evaluated the duration of meals with
respect to the data in our current sample. While this is a sensible
approach given the high variability within and between families, addi-
tionally asking participants for a subjective rating of mealtime duration
(e.g., whether a meal was shorter or longer than usual) might be a
helpful indicator for mealtime duration in future studies.

One limitation is that the children’s point of view was not assessed in
this study. Rather, their parents answered items on behalf of the children
(e.g., about fruit and vegetable consumption, the mood at the table, or
the use of media). Importantly, given the large age range of children
participating in this study (3-17 years) this was the most reliable and
coherent way to obtain data on children’s behavior in the current study
setting.

Our diary study focused on the mealtime routines obtained as pre-
dictors for nutritional health that Dallacker et al. (2019) obtained. We
extended TV use during mealtimes by adding smartphone use. In future
research it would be interesting to extend the list of routines. Candidates
include the availability and frequency of fruit and vegetable portions at
the family meal. While this variable was treated as a control variable in
the current study, understanding what predicts the number of portions
offered as well as also including other indicators of healthy nutrition
could further advance this field of research.

Generally, experimental research and randomized control trials are
needed to better understand the causal relations between family meal-
time routines and characteristics and the nutritional health of the family
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members. One notable exception is the experiment by Fiese et al. (2015),
finding detrimental effects of auditory noise (which could be one aspect
of mealtime atmosphere) on children’s nutrition.

5. Conclusion

Our goal was to contribute to a better understanding of the preva-
lence of family mealtime routines and their effects on healthy nutritional
behaviors. We find them to be practiced in daily family meals, they
represent distinct behaviors, and they partly predict children’s nutri-
tional health in the context of actual families. The research on the
important social institution family meal is, however, still nascent. Much
more needs to be done to better understand the routines by analyzing
their individual components, to find causal evidence of their predictive
power toward nutritional health using randomized control trials, and to
refine theoretical frameworks of family systems for health promotion.
The efforts promise high returns as family meals, as the cradle of eating
behavior, are a promising and low-threshold intervention approach to
improve children’s nutrition and overall health.
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Supplements

Figure 1a

Frequency of 7 family mealtime routines families describe on average for passive control group
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Note. Smartphone off/ TV off = all meals for which “never” was the chosen answer category; quality = all meals where the answer to the homemade-item was “yes”; positive

atmosphere = all meals with an item-score > 3; longer duration=all meals which take at least 10% longer than the mode; involvement= all meals for which the answer was at least

“little involved”, parental modeling = all meals for which the item asking for eating fruits and vegetables deliberately were answered with at least “somewhat true”.
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Figure 1b

Frequency of 7 family mealtime routines families describe on average for active control group
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Note. Smartphone off/ TV off = all meals for which “never” was the chosen answer category; quality = all meals where the answer to the homemade-item was “yes”; positive
atmosphere = all meals with an item-score > 3; longer duration=all meals which take at least 10% longer than the mode; involvement= all meals for which the answer was at least

“little involved”, parental modeling = all meals for which the item asking for eating fruits and vegetables deliberately were answered with at least “somewhat true”.
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Figure 1c

Frequency of 7 family mealtime routines families describe on average for intervention group
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Note. Smartphone off/ TV off = all meals for which “never” was the chosen answer category; quality = all meals where the answer to the homemade-item was “yes”; positive

atmosphere = all meals with an item-score > 3; longer duration=all meals which take at least 10% longer than the mode; involvement= all meals for which the answer was at least

“little involved”, parental modeling = all meals for which the item asking for eating fruits and vegetables deliberately were answered with at least “somewhat true”.
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Table 3a

Means, standard deviations, and correlations between mealtime routines with confidence intervals for study day 1

Variable M SD 1 2 3 4 5 6 7 8
1.TV 126 087
2.Smartphone 1.12 0.39 -.03
[-.16,.10]
3. Atmosphere 4.12 0.56 .00 -.03
[-.13,.13] [-.16,.10]
4. Involvement 2.05 1.07 -.04 .06 20%*
[-.17,.10] [-.07,.20] [.07, .33]
5. Duration 29.05 13.62 -.01 -.00 26%* 21%*
[-.14,.12] [-.14, .13] [.13,.37] [.08, .33]
6. Homemade 090  0.30 .05 .03 12 -.07 -.06
[-.08, .18] [-.10,.16] [-.01, .25] [-.20, .06] [-.19,.07]
7. Deliberate modeling 2.72 1.14 -.08 -.07 -.04 -.07 -21%* -.01
[-.24,.07] [-.22,.09] [-.20,.11] [-.22,.09] [-.35,-.05] [-.16,.15]
8. Veg and fruit parent 1.00 1.25 .03 .00 25%% .02 20%* A2 .00
[-.10,.16] [-.13,.13] [.12, .37] [-.12,.15] [.07, .32] [-.01,.25] [-.15,.16]
9. Veg and fruit child 0.86 1.14 -.02 .08 25%* .03 14% A7 -.14 T1¥*
[-.15,.11] [-.05, .21] [.12, .37] [-.10,.17] [.01, .27] [.04, .30] [-.29, .01] [.66,.77]

Note. M and SD are used to represent mean and standard deviation, respectively. Values in square brackets indicate the 95% confidence interval for each correlation. Includes

besides mealtime routines also child’s fruit and vegetable intake. Veg = vegetable consumption during the meal. Fruit = fruit consumption during the meal. *p <.05. **p <.01.
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Table 3b

Means, standard deviations, and correlations between mealtime routines with confidence intervals for study day 2

Variable M SD 1 2 3 4 5 6 7 8
1.TV 1.42 1.19
2. Smartphone 1.10 0.36 -.01
[-.14, .12]
3. Atmosphere 4.10 0.63 -.07 .07

[-.20,.06]  [-.06, .20]

4. Involvement 1.81 1.01 - 11 .03 .00
[-.24, .02] [-.10, .16] [-.13, .14]

5. Duration 2975 1375 -.03 07 20k 04
[-15,.10]  [-.06,.20]  [.09,.34] [-10,.17]

6. Homemade 0.89 0.32 -.08 -.05 .16* .05 -.07
[-.20, .05] [-.18, .08] [.03, .28] [-.09, .18] [-.20, .06]

7. Deliberate modeling  2.60 1.25 -.06 .01 -.02 A2 -.01 -.03
[-21,.09] [-.14,.15] [-.17,.13] [-.03,.27] [-.15,.14] [-.17,.12]

8. Veg and fruit parent  1.04 1.22 -.08 -.07 A7 A3 12 24%% 10
[-.21,.05] [-.19,.06] [-.04,.30] [-.00,.26] [-.00,.25] [.11,.36] [-.05,.24]

9. Veg and fruit child ~ 0.92 1.08 -.10 ~.03 20% 11 14% 23 07 83%%
[-23,.03] [-16,.10]  [.07,.32] [-02,24] [01,26] [.10,.35] [-08,21] [.79,.86]

Note. M and SD are used to represent mean and standard deviation, respectively. Values in square brackets indicate the 95% confidence interval for each correlation. Includes
besides mealtime routines also child’s fruit and vegetable intake. Veg = vegetable consumption during the meal. Fruit = fruit consumption during the meal. *p <.05. **p <.01.
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Table 3¢

Means, standard deviations, and correlations between mealtime routines with confidence intervals for study day 3

Variable M SD 1 2 3 4 5 6 7 8
1.TV 1.31 1.04
2. Smartphone 1.10 0.34 -.04
[-.16, .09]
3. Atmosphere 4.09 0.70 -.06 .08
[-.19,.07] [-.05,.21]
4. Involvement 1.92 1.04 -.06 .05 A7
[-.19,.07] [-.09, .18] [.04, .29]
5. Duration 30.62 17.73 -.10 .07 33 .07
[-.22,.03] [-.06,.19] [.21, .44]  [-.06, .20]
6. Homemade 0.88  0.33 .02 -.05 .02 14% -.08
[-.11,.15] [-.18,.08] [-.11,.15] [.01,.26] [-.20,.05]
7. Deliberate modeling  2.58  1.26 -.05 -.14 -.00 23%%* -.12 19%
[-.20,.10] [-.28,.01] [-.15,.15] [.08,.37] [-.27,.03] [.04, .33]
8. Veg and fruit parent  1.06 1.30 -.13 -.08 10 .03 .05 8% A7E
[-.25,.00] [-.20,.05] [-.02,.23] [-.10,.16] [-.07,.18] [.06, .30] [.02, .31]
9. Veg and fruit child 093  1.07 -.03 -.04 JA8** .05 .07 A1 A1 T9x*
[-.16,.10]  [-.17,.09] [.06,.30] [-.09,.18] [-.06,.19] [-.02,.23] [-.04,.25] [.74, .83]

Note. M and SD are used to represent mean and standard deviation, respectively. Values in square brackets indicate the 95% confidence interval for each correlation. Includes
besides mealtime routines also child’s fruit and vegetable intake. Veg = vegetable consumption during the meal. Fruit = fruit consumption during the meal.
* sk

p <.05. **p<.0l.
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Table 3d

Means, standard deviations, and correlations between mealtime routines with confidence intervals for study day 4

Variable M SD 1 2 3 4 5 6 7 8
1.TV 1.21  0.84
2. Smartphone .11 0.38 .09
[-.03,.22]
3. Atmosphere 410 0.70 -.08 -.04
[-.21,.04] [-.16,.09]
4. Involvement 1.92 1.14 - 18%* .01 16*
[-.30,-.05] [-.13,.14] [.03, .29]
5. Duration 33.27 23.10 -.09 A7 23%* .10
[-.22,.03] [.05, .29] [.11,.35] [-.03,.23]
6. Homemade 0.81 0.40 -.09 - 18%** -.05 16* - 277F*
[-21,.04] [-.30,-.06] [-.18,.07] [.03,.29] [-.38,-.15]
7. Deliberate modeling 2.49  1.25 -.07 -.14 .03 23%* -.02 14
[-21,.07] [-.28,.01] [-.11,.18] [.09,.37] [-.17,.12] [-.01,.28]
8. Veg and fruit parent  1.19  1.29 -.02 .01 16* A8** .08 23%* A7*
[-.14,.11]  [-.12,.14] [.04, .28] [.05,.31] [-.04, .20] [.11,.35] [.03, .30]
9. Veg and fruit child 1.02 1.13 -.05 -.03 21%* 26%* .07 23%* 13 T9x*
[-.17,.08] [-.16,.09] [.08, .32] [.13,.38] [-.06,.19] [.10,.34] [-.01,.27] [.75, .83]

Note. M and SD are used to represent mean and standard deviation, respectively. Values in square brackets indicate the 95% confidence interval for each correlation. Includes
besides mealtime routines also child’s fruit and vegetable intake. Veg = vegetable consumption during the meal. Fruit = fruit consumption during the meal.

*p<.05.*%* p<.01
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Table 3e

Means, standard deviations, and correlations between mealtime routines with confidence intervals for study day 5

Variable M SD 1 2 3 4 5 6 7 8
1.TV 1.30  0.99
2. Smartphone 1.08 0.27 .03
[-.10,.15]
3. Atmosphere 394  0.66 -.08 .07

[-20,.05]  [-.05, .20]

4. Involvement 1.86 1.13 - 11 .05 19**
[-.23,.02] [-.08, .17] [.06, .31]

5. Duration 28.10 13.62 ~.00 03 19%% .10
[-13,.12] [-10,.15]  [.07,.30] [-.02, 23]

6. Homemade 0.88  0.33 -12 ~.16* 04 17 - 19
[-24,.01] [-.28,-03] [-08,.16] [.04,.29] [-.30,-.06]

7. Deliberate modeling  2.43  1.30 -.05 .00 A1 .07 .01 .05
[-.19,.09] [-.14,.15] [-.04,.25] [-.08,.22] [-.14,.15] [-.10,.19]

8. Veg and fruit parent 122 1.42 04 -.06 19 .10 20%* .06 .06
[-09,.16] [-18,.07] [.07,.31] [-03,.22] [.08,.31] [-07,.18] [-.09,.20]

9.Vegand fruitchild ~ 1.08  1.21 01 -.06 Q4% 16* 16* .04 .00 78%%
[-11,.14] [-18,.07]  [12,.36]  [.04,28] [.04,28] [-08,.16] [-14,.14] [.73,.82]

Note. M and SD are used to represent mean and standard deviation, respectively. Values in square brackets indicate the 95% confidence interval for each correlation. Includes
besides mealtime routines also child’s fruit and vegetable intake. Veg = vegetable consumption during the meal. Fruit = fruit consumption during the meal.
* sk

p <.05. **p<.0l.
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Table 3f

Means, standard deviations, and correlations between mealtime routines with confidence intervals for study day 6

Variable M SD 1 2 3 4 5 6 7 8
1.TV 1.28  0.95
2. Smartphone 1.10  0.33 A1
[-.02,.24]
3. Atmosphere 398  0.65 .05 .03
[-.08,.18] [-.10,.16]
4. Involvement 1.98 1.16 .05 -.02 21%*
[-.08,.19] [-.15,.11] [.08, .34]
5. Duration 28.00 13.33 -.08 -.04 20%* .04
[-.21,.05] [-.17,.09] [.07,.32] [-.09, .18]
6. Homemade 090 0.30 -.01 -.09 -.09 13 -.16*
[-.14,.12] [-.21,.05] [-.22,.04] [-.00,.26] [-.29,-.03]
7. Deliberate modeling ~ 2.21 1.15 -.08 -.02 A2 22%% .10 -.06
[-.23,.07] [-.17,.13] [-.03,.27] [.07,.36] [-.05,.24] [-.21,.09]
8. Veg and fruit parent  1.08  1.37 -.02 -.13 12 12 J32%* 14% 27%*
[-.15,.11]  [-.25,.00] [-.01,.25] [-.01,.25] [.20, .43] [.01, .27] [.12, .40]
9. Veg and fruit child 090 1.16 -.01 - 18%* .10 A1 28%* A7* 20%%* 85%*
[-.14,.12]  [-.30,-.05] [-.03,.23] [-.02,.24] [.15,.39] [.04, .29] [.05, .34] [.82, .88]

Note. M and SD are used to represent mean and standard deviation, respectively. Values in square brackets indicate the 95% confidence interval for each correlation. Includes
besides mealtime routines also child’s fruit and vegetable intake. Veg = vegetable consumption during the meal. Fruit = fruit consumption during the meal.

*p<.05. ¥ p<.0l.
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Table 3g

Means, standard deviations, and correlations between mealtime routines with confidence intervals for study day 7

Variable M SD 1 2 3 4 5 6 8
1. TV 1.29  0.96
2. Smartphone 1.10  0.36 -.03
[-.16, .10]
3. Atmosphere 4.01 0.68 -.14* .01
[-.26,-.01] [-.12,.14]
4. Involvement 1.88 1.11 .04 .06 A3
[-.09,.17] [-.07,.19] [-.01,.26]
5. Duration 27.67 12.52 -.03 22%% 30%* A7*
[-.16, .10] [.09, .34] [.18, .41] [.03, .29]
6. Homemade 0.87 0.34 .04 -.07 -.07 .08 - 19%*
[-.09,.17] [-.20,.06] [-.20,.06] [-.05,.21] [-.31,-.06]
7. Deliberate modeling  2.21 1.15 .08 -.07 .00 .09 .04 .07
[-.07,.22] [-.22,.08] [-.14,.15] [-.06,.24] [-.11,.19] [-.08,.22]
8. Veg and fruit parent  1.08 1.31 -.07 -.09 24%% .08 22%E -.01
[-.20,.06]  [-.22,.04] [.11,.36] [-.05, .21] [.10,.34] [-.14,.12]
9. Veg and fruit child 096  1.20 -.06 -.05 21%% 14% 25%% -.03 i
[-.19,.07] [-.18,.08] [.08, .33] [.00, .27] [.12,.37] [-.16,.10] [.74, .82]

Note. M and SD are used to represent mean and standard deviation, respectively. Values in square brackets indicate the 95% confidence interval for each correlation. Includes

besides mealtime routines also child’s fruit and vegetable intake. Veg = vegetable consumption during the meal. Fruit = fruit consumption during the meal.

*p<.05. ¥ p<.0l.

53



Manuscript 2

Table 3h

Correlations between mealtime routines averaged over weekdays (Mon-Fri) with minimum and maximum correlation.

Variable 1 2 3 4 5 6 7 8
1.TV
2. Smartphone .03
[-.02,.11]
3. Atmosphere -.05 .05
[-.14, .09] [.02,.07]
4. Involvement -.04 .04 A5
[-.13,.07] [-.04, .09] [.02,.12]
5. Duration -.04 .09 21 .09
[-.16, .00] [-.03, .18] [.11,.31] [.01,.15]
6. Homemade -.04 -.07 .05 .09 -.12
[-.17,.06] [-.11,.00] [-.02, .14] [.05, .13] [-.17,.00]
7. Deliberate modeling -.05 -.08 .05 A2 -.01 .05
[-.17,.02] [-.15,.00] [-.08, .18] [-.03, .29] [-.08, .05] [.01,.12]
8. Veg and fruit parent -.04 -.08 18 .07 22 A5 A1
[-.12, .06 [-.01, -.07] [.13,.23] [.03, .14] [.08, .38] [.09, .19] [.04, .19]
9. Veg and fruit child -.03 -.06 22 .10 21 A1 .03 77
[-.12, .14] [-.12,.00] [.12,.28] [.02, .21] [.08, .31] [.04, .18] [-.08, .16] [.71, .82]

Note.Values in square brackets are min and max correlation. Includes besides mealtime routines also child’s fruit and vegetable intake. Veg = vegetable consumption during the

meal. Fruit = fruit consumption during the meal.
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Table 3i

Correlations between mealtime routines averaged over weekend days (Sat & Sun) with minimum and maximum correlation.

Variable 1 2 3 4 5 6 7 8
1.TV
2. Smartphone -.03
[-.06, .01]
3. Atmosphere -.06 -.01
[-.09, -.03] [-.06, .04]
4. Involvement -.11 .03 14
[-.13, -.09] [.01,.05] [.07, .20]
5. Duration -.06 .07 27 10
[-.06, -.06] [.04, .11] [.26, .28] [.09, .11]
6. Homemade -.02 -.11 -.04 A3 -.20
[-.08, .05] [-.13, -.10] [-.06, -.03] [.12,.13] [-.28, -.11]
7. Deliberate modeling  -.05 -.03 .00 18 -.04 10
[-.12,.01] [-.04, -.20] [.00, .01] [.09, .27] [-.04, -.03] [.09, .11]
8. Veg and fruit parent  -.02 .00 A3 .16 .05 A1 .16
[-.09, .04] [-.01,.00] [.12,.13] [.08, .24] [.03,.07] [0.1,.12] [.07, .25]
9. Veg and fruit child -.04 .02 13 .19 .05 17 12 .83
[-.06, -.02] [-.01, .05] [.17,.18] [.14, .24] [.04, .05] [.12,.22] [.02, .21] [.82, .85]

Note.Values in square brackets are min and max correlation. Includes besides mealtime routines also child’s fruit and vegetable intake. Veg = vegetable consumption during the

meal. Fruit = fruit consumption during the meal.
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Table 3j

Correlations Between Mealtime Routines Averaged Over All 7 Study Days for Intervention Group

Variable 1 2 3 4 5 6 7 8
1.TV
2. Smartphone 0.02
[-.09, .21]
3. Atmosphere -.02 .03

[-23,22]  [-11,.12]

4. Involvement -.05 .10 .16
[-.25,.09] [-.08, .32] [.03, .31]

5. Duration -.08 .14 24" 13
-14,.02]  [06,27]  [06,33]  [-.08,.37]

6. Quality .00 -12 05 12 13
[-10,.11]  [-34,.10]  [-12,.18]  [-01,.20]  [-30,.00]

7. Deliberate modeling -.04 -.08 -.02 .06 .05
[-.12,.10] [-.22,.04] [-.25, .13] [-.17,.24] [-.04, .24] [-.14, .16]

8. Veg and fruit parent -.04 -.01 18 .04 14 A5 14
[-.19, .07] [-.22, .26] [.01, .29] [-.06, .14] [.01, .40] [.04, .27] [.03, .28]

9. Veg and fruit child ~.10 -.04 22 08 15 18 11 78%
[-26,.01]  [-27,.21] [12,.33]  [-11,.27] [.06, .25] [07,.24]  [-08,.17] [.71, .87]

Note. Values in square brackets represent minimum and maximum correlations during the 7-day study period. Veg and fruit = Vegetable and fruit intake during the meal.
*p < .05 on all 7 study days. p <.05 on 4 or more study days.

56



Manuscript 2

Table 3k

Correlations Between Mealtime Routines Averaged Over All 7 Study Days for Active Control Group

Variable 1 2 3 4 5 6 7 8
1.TV
2. Smartphone 0.05
[-.08, .14]
3. Atmosphere -.10 -.02

[-20,.08]  [-.17,.08]

4. Involvement -.13 -.03 18
[-.21,.08] [-.11,.08] [.00, .36]

5. Duration .03 .05 29" 11
[-.10, .14] [-.12,.27] [.15, .43] [-.04, .24]
6. Quality -.08 -.08 .02 .07 -.14
[-.22,.08] [-.26, .05] [-.23, .24] [-.04, .22] [-.36, .18]
7. Deliberate modeling .00 -.11 .04 18 -.03 .09
[-.14, .11] [-.30,.00] [-.15,.12] [.05, .32] [-.25,.07] [-.13, .23]
8. Veg and fruit parent .00 -.07 26" A1 21 17 15
[-.14, .32] [-.13,-.01] [.13, .37] [-.01,.26] [-.07, .44] [-.10, .40] [.04, .29]
9. Veg and fruit child .00 -.01 24" 14 18 15 .04 83%
[-.10, .24] [-.12,.09] [.06, .33] [.04, .25] [-.11,.32] [-.12, 4] [-.06, .25] [.78, .90]

Note. Values in square brackets represent minimum and maximum correlations during the 7-day study period. Veg and fruit = Vegetable and fruit intake during the meal.
*n <.05 on all 7 study days. +p < .05 on 4 or more study days.
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Table 31

Correlations Between Mealtime Routines Averaged Over All 7 Study Days for Passive Control Group

Variable 1 2 3 4 5 6 7 8
1.TV
2. Smartphone .00
[-.11,.36]
3. Atmosphere -.05 .07
[-.27,.10] [-.18, .17]
4. Involvement .01 .02 .10
[-.13,.28] [-.11,.18] [-.06, .18]
5. Duration -.07 .00 217 .06
[-.20, .16] [-.21,.29] [-.03, .30] [-.07, .23]
6. Quality -.01 -.04 -.03 .09 -.11
[-.12,.11] [-.37,.11] [-.17,.13] [-.22,.22] [-.29, .10]
7. Deliberate modeling -.10 .02 .07 13 -.14 .08
[-.28, .03] [-.09, .12] [-.08, .25] [-.11,.34] [-.29, -.01] [-.03,.22]
8. Veg and fruit parent -.04 -.10 .08 A1 14 A1 .09
[-.21,.11] [-.26, .06] [-.04, .22] [-.03, .26] [-.01,.35] [-.01,.29] [-.14, .30]
9. Veg and fruit child 01 -.06 11 14 12 .08 .04 TT*
[-.13,.17] [-.18,.02] [-.04, .26] [-.02,.30] [.00, .25] [-.01,.26] [-.21,.22] [.64, .84]

Note. Values in square brackets represent minimum and maximum correlations during the 7-day study period. Veg and fruit = Vegetable and fruit intake during the meal.

*n <.05 on all 7 study days. +p < .05 on 4 or more study days.
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Table 6

Effects of group membership on mealtime atmosphere and child’s fruit and vegetable

Atmosphere Fruit and vegetable intake
CI Ccl
Esti ) Esti —_—
stimate S. 73 UL p stimate SE L UL p
Fixed effects
Intervention group (Intercept) -.10 .06 -22 .01 .086 .02 .06 -09 .13 768
Passive control group .06 .09 -.11 23 501 -.10 .08 -25 .06 236
Active control group 27 .09 .10 44 .002 .04 .08 -11 .20 .584
Random Effects
Within family variance 75 .87 78 .88
Between family variance 24 49 22 47

Note. Total N=310. Group is dummy-coded with intervention group as baseline condition. CI = confidence interval; LL = lower limit; UL = upper limit. Conditional R*= .249

for atmosphere; R?>=.226 for fruit and vegetable intake.
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Table 7

Contingency table of mealtime routines averaged over all 7 study days

Variable 1 2 3 4 5 6
1. TV off

2. Smartphone off 80.88

3. Positive atmosphere 86.50 87.56

4. Involvement 51.91 52.24 51.41

5. Longer duration 21.53 21.19 20.85 12.98

6. Homemade 82.49 83.61 81.91 45.25 24.47

7. Deliberate parental 52.09 52.99 51.52 30.05 15.38 49.36

modeling

Note. % of all mealtimes, during which two mealtime routines occur together. Smartphone off and TV off = All meals for which “never” (i.e., never on) was the chosen
answer category; homemade = all meals where the answer to the item was “yes” (i.e., homemade); positive atmosphere = all meals with an item score >3; longer duration =
all meals that took at least 10% longer than the mode (33 min in this sample); involvement = all meals for which the answer was at least “a little involved”; parental modeling
= all meals for which the item assessing if fruits and vegetables were eaten deliberately was answered with at least “somewhat true.”
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Manuscript 3 — Hard to guess: Do parents’ estimates of sugar, salt, and fat relate to

family health?

Manuscript submitted for publication:
Knobl, V., Dallacker, M., Hertwig, R., & Mata, J. (2024). Hard to guess:
Do parents’ estimates of sugar, salt, and fat relate to family health? [Manuscript

submitted for publication].

Aside from minor changes to the format, the manuscript included in this dissertation

reflects the manuscript that was submitted for publication.
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Abstract
Background: Knowledge about nutrients is essential for parents to provide healthy foods
for their children. Previous studies have shown that parents greatly misestimate the sugar
content of foods. Does this pattern also apply to other nutrients such as salt and fat? And
how does estimation accuracy relate to parental numeracy, awareness of nutrients while
grocery shopping, and family health?
Methods: A diverse sample of 508 parents estimated the added sugar, salt, and fat content
of nine representative foods products. They did a short numeracy test and reported on
various indicators of their own and their children’s (6—12 years) health—including tooth
decay and cardiovascular disease—and their use of nutritional information when grocery
shopping. Height and weight of children and parents were measured.
Results: Parents misestimated the amount of nutrients (i.e., sugar, salt, and fat) by
significantly more than 50% (Msugar=77.75%, Msa1:=242.27%, M=69.67%, all p <.001).
Parents with better numeracy estimated salt content more accurately (f =-0.10, p = .026).
The more frequently parents paid attention to fat when grocery shopping, the more
accurately they estimated fat (f =-0.10, p = .020). More frequent use of nutrition tables
was related to higher accuracy in fat (f =-0.10, p =.028) and sugar ( =-0.11, p =.012)
estimates. Surprisingly, there was no statistically significant correlation between the
underestimation of nutrients and indicators of family health.
Conclusion: Parents considerably misestimated added sugar, salt, and fat in foods.
Predictors of misestimation varied by nutrient. Range and direction of misestimation
depended on nutrients and food products, with implications for the interpretation of
previous studies and future research. Although knowledge alone is insufficient for healthy
food-decisions, it is an easy starting point for policy measures aimed at helping parents

make informed and healthy food choices for their families.
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1. Introduction

Sugar, salt, and fat are omnipresent in our diets, but their overconsumption contributes
to diet-related diseases. Excess sugar raises risks of weight gain, cardiovascular diseases,
diabetes, and tooth decay (Malik et al., 2010; Moores et al., 2022; L. P. Santos et al., 2022).
High salt intake increases cardiovascular risks by 6% per additional gram (Filippini et al.,
2022; Wang et al., 2020). Similarly, reducing saturated and trans fats improves blood
pressure, lipid levels, and cardiovascular outcomes (Hooper et al., 2020; Te Morenga &
Montez, 2017).

Children and adolescents are particularly vulnerable, as eating habits form early
(Mahmood et al., 2021) and childhood diseases often persist into adulthood (Simmonds et
al., 2016). The World Health Organization (WHO) therefore recommends limiting added
sugars and saturated fats to 10% of daily energy intake (World Health Organization, 2015,
2023), and salt to 2 g per day (World Health Organization, 2012). However, children and
adolescents in Germany consume on average 1.5 times the recommended sugar and
saturated fats (Libuda et al., 2014; Perrar et al., 2019) and triple the salt intake (Remer et
al., 2022).

Parents strongly influence their children’s nutrition as role models (Knobl et al.,
2022; Mahmood et al., 2021) and decision-makers for family (Knobl & Mata, 2024). Food
literacy—the knowledge, skills, and behaviors to make informed food choices—is
essential for a healthy diet (Vidgen & Gallegos, 2014), including knowledge about
commonly eaten family foods. Several studies have shown misestimations of nutrients:
Konig et al. (2019) and GroB et al. (2024) found that students on average overestimated the
sugar content, while Dallacker et al. (2018) showed that 74% of parents underestimated

sugar. Konig et al. (2019) reported small correlations of misestimation with participants’

63



Manuscript 3

body mass index (BMI), and Dallacker et al. (2018) specifically attributed this effect to
underestimation.
1.1 Research Gaps

Why did parents mostly underestimate sugar content, while students often
overestimate it? This difference may stem from demographic differences (as noted in
Konig et al., 2019)—students, who are generally younger and more educated than average
parents, may be more aware of sugar and its detrimental consequences, possibly prompting
overestimation. Measurement methods also varied: Dallacker et al. (2018) used sugar
cubes, whereas Konig et al. (2019) and Gro8 et al. (2024) asked for estimates in grams.
Also, food items differed between studies, likely influencing estimates, in line with initial
findings suggesting variation between under- and overestimation by food product
(Dallacker et al, 2018; Konig et al., 2019). For salt, the one study we are aware of (Moran
et al., 2017) found people tend to underestimate content; no study has yet assessed fat
estimates in foods. A second indicator, knowledge about the relative ranking of products—
does one product contain more salt or sugar than another?—known as mapping ability
(following Brown & Siegler, 1993, 2001) has also not been examined in previous
estimation studies.

Also, research on predictors of estimation accuracy is limited. The current study
tested awareness of specific nutrients and general numeracy as possible predictors:
Regular exposure to nutritional information such as labels, may improve intuitive
estimation skills as a seeding intervention, where learning about one product aids in
estimating others (GroB3 et al., 2024). General numeracy, the ability to understand and work
with numbers (Schwartz, 1997), is also relevant: Dallacker et al. (2016) found a small
correlation between numeracy and portion size estimations; Huizinga et al. (2009) reported

that numeracy levels relate to the accuracy of portion size estimations, although this effect
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vanished when literacy was included in the model. Notably, research linking estimation
accuracy to health outcomes has focused primarily on BMI.
1.2 Research Questions

We addressed the following research questions (RQs): (RQ1) How well can parents
estimate nutrients of different foods? Given inconsistent evidence regarding the direction
of any estimation bias (i.e., over- vs. underestimation), we hypothesized that parents
misestimate the amount of sugar (Hypothesis [H] 1a) and salt (H1b) by more than 50%,
which serves as our effect size of interest.! Given the scarce research on fat estimation, we
explored whether parents misestimate fat amounts at all (Exploratory Question 1 [EQ1]).
(RQ2) How does parents’ underestimation of nutrients relate to health outcomes in parents
and children? Based on evidence linking underestimation (of sugar) to higher BMIs, we
hypothesized that the more parents underestimate the amount of (a) sugar, (b) salt, and (¢)
fat in foods, the more likely they are to experience nutrition-related health conditions
themselves (H2) and have children with such conditions (H3). We additionally explored
these relationships focusing on absolute misestimation, relative to systematic
underestimation. (RQ3) What skills or behaviors predict parents’ estimation skills? We
hypothesized that parents’ (a) general numeracy, (b) frequency of nutrition table use, and
(c) attention to nutrients in foods during grocery shopping are positively associated with

estimation skills for sugar (H4a—c), salt (H5a—c), and fat (H6a—c).

"Based on children eating 1.5 times the amount of sugar recommended (Perrar et al., 2019)
and dose-response relationships between salt overconsumption and health consequences

starting at 1.5 times the amount of salt recommended (Filippini et al., 2022).
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2. Method
2.1 Data Transparency
This study was preregistered on OSF registries
(https://osf.i0/pwy6k/?view _only=6c06c9ed3e7341619afc67f64995366¢). All data,
analysis code, and supplemental material are freely available at

https://ostf.io/6tc74/?view_only=1bc0289ad030456993106704d1b5871e. This study was

approved by the ethics committee of the Max Planck Institute for Human Development,
Germany. Participants gave informed consent to participate in the study.
2.2 Design and Procedure
Adult participants were recruited via telephone by IPSOS, an independent opinion

and social research institute. Eligible families were visited by an interviewer who guided
them through a 45-min questionnaire and measured their weight and height at the end of
the survey. To be eligible, participants needed to have at least one child aged between 6
and 12 years. Only the parent responsible for meal planning answered the questionnaire—
both, with respect to themselves and the child with the most recent birthday.
2.3 Measures
2.3.1 Participant Characteristics

Participants reported their own and their child’s age, gender, health conditions, diet,
and allergies, as well as their own education, job situation, income, marital status, and
household size.
2.3.2 Health Conditions of Parents and Children

Parents reported if they or their child had any of the following health conditions
(yes/no): overweight, lipid metabolism disorder, Type 2 diabetes, hypertension, tooth
decay, and other diseases. For “other diseases,” participants’ descriptions were reviewed if

they were clearly related to diet; however, none were. Any "yes" response to specific
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diseases was coded as a “health condition.” Additionally, parents and children were
measured and weighed, and their BMI calculated as kg/m? (zBMI for children).
2.3.3 Numeracy

Parents solved three items based on the Basic Numeracy Scale (Schwartz, 1997):
(1) A person taking drug A has a 1% chance of having an allergic reaction. If 1,000 people
take drug A, how many would you expect to have an allergic reaction?  person(s) out of
1,000. (2) A person taking drug B has a 1 in 1,000 chance of having an allergic reaction.
What percentage of people taking drug B will have an allergic reaction?  %. (3)
Imagine you flip a coin 1,000 times. How many times do you think the coin will show
"heads" within these 1,000 tosses?  times out of 1,000. A numeracy score was
calculated using the total sum of correct responses (0—3 points).
2.3.4 Awareness of Specific Nutrients in Food Products

Parents reported on a 5-point Likert scale (never, rarely, occasionally, often,
always) how often they use nutrition tables when buying or eating food. They also
indicated on a 4-point Likert scale (always, most of the time, rarely, never) how often they
consider sugar, fat, or salt in a product before buying it.
2.3.5 Estimation Task

The computer-based estimation task, based on Dallacker et al. (2018), used grams
as measurement unit instead of sugar cubes to align with previous studies. Parents were
first informed about WHO recommendations regarding added sugar, salt, and fat—
ensuring standardization of their knowledge—and shown a picture of a teaspoon
containing 10% of the recommended maximum amounts: 5 g of sugar, 0.6 g of salt, and
6.5 g of fat. They then estimated the amounts of added sugar, salt, and fat in pictures of
nine different foods and beverages (e.g., “How many grams of added sugar do you think

are in this glass of apple juice?”). Item selection was based on a master’s thesis and was
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representative of the dietary habits of adults in Germany, as documented in the National
Nutrition Survey (Nationale Verzehrsstudie, NVS; Max Rubner-Institut, 2008; Pfau et al.,
2016), referencing foods commonly perceived as unhealthy (e.g., sugary, salty, fatty) and
viewed as healthier (e.g., not sugary, salty, fatty). Portion sizes were derived either from
the NVS average daily portions or from standard prepackaged portions. The products
presented were apple juice, cola, 3.5% milk, chocolate bar, strawberry yogurt, pizza,
cheesecake, sausage, and butter, shown in random order. Parental estimates were scored on
the deviation between estimated and actual grams of sugar as well as salt and fat,
weighting all food products equally. Four scores were calculated: (a) an absolute mean

deviation score which reflected total misestimation across all items,

Number food items

1
- estimated value; — true value;
Number food items Z | i il

i=1
and (b) a signed mean deviation score to also capture over- and underestimation, with i

being the respective food item.

Number food items

1
- estimated value; — true value;
Number food items Z ' '

i=1
Both mean deviation scores were calculated additionally as relative scores (as a
percentage) for maximum comparability between nutrients, food products, and previous
studies:

(c) absolute mean deviation score (as a percentage)

Numb dit .
1 yumber food items| o stimated value; — true value;| 100
- - X
Number food items Zévzulmber food items true value,
(d) signed mean deviation score in (as a percentage)
Numb dit .
1 yyumber food items o timated value; — true value 100
X

Number food items yumber feod Iems 1o yalue,
i=
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2.4 Participants

A total of 508 parents participated, age range 23 to 59 (M = 39.2 years, SD = 6.6)
and children 6 to 12 (M = 9.2 years, SD = 2.1). The gender distribution was balanced for
children, but 89% of parents were mothers. Of all parents, 92% reported not having a
university degree and 84% worked at least part-time. On average, parents were slightly
overweight (Msmr = 26.34 kg/m?, Mdngwmi = 24.69), and children slightly heavier than
average children their age (M sm1 = 0.17, Mdn,sm1 = 0.32). Regarding health outcomes,
55% of parents reported having at least one conditions, whereas only about 9% of the
children had any of these conditions (Table 1 for detailed sample characteristics).
2.5 Statistical Analyses

Missing values were highest for income (19%), but 0% for all outcome and predictor
variables. We excluded 9 parents and 4 children who reported a height of less than 100 cm,
and removed one parent with a BMI > 90 and 24 children with a zZBMI 4 SD above or
below the norm. Missing values were excluded from the respective analysis using pairwise
deletion.

For testing H1, we used directional one-sample ¢ tests to examine whether the
absolute mean deviation score was significantly greater than 50% for added sugar and salt.
Given that statistical assumptions for ¢ tests were not met, we calculated and report
Wilcoxon rank tests. For EQ1, we explored the absolute mean deviation score for fat and
calculated a confidence interval. Additional to these preregistered analyses, we explored
parents’ mapping ability—that is, how participants ranked the nutrient value of foods in
comparison to the other nutrients, calculating Spearman rank correlations between true and
estimated nutrient values.

For H2 and H3 we analyzed only participants who on average underestimated the

respective nutrient examined. Linear regression analyses used BMI and zZBMI as outcomes,
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while logistic regression analyzed the presence of any health condition, with the signed
mean deviation score as the predictor in both analyses types. We then conducted these
analyses using also the absolute mean deviation score including all participants.

For H4, HS, and H6, we ran three linear regressions using general numeracy,
frequency of nutrition table use, and attention to the amount of the respective nutrient in
foods as predictors, with absolute mean deviation scores for sugar, salt, and fat as
dependent variables. Additionally, we examined the correlations between the three
predictors, numeracy, use of nutrition tables, and awareness of nutrients. For deviation
scores as percentages (H1, EQ1) or underestimation (H2, H3), calculations included only
food items containing the respective nutrient (e.g., yogurt for sugar and fat, but not salt).
Data were analyzed using R Version 4.3.2 (R Core Team, 2023), using the package psych
(v2.3.9; Revelle, 2023) for the main analyses.

3. Results
3.1 RQ1: How Well Can Parents Estimate Nutrients of Different Foods?

Supporting H1, parents misestimated both, added sugar (M = 78%, SD = 61%,
Hodges-Lehmann estimator as median measure, HL = 64%, , confidence interval, CI,
[62%, Inf], V=102022, p <.001) and salt content (M = 242%, SD = 376%, HL = 162%,
CI [148%, Inf]V= 125622, p <.001) by more than 50%. Parents, on average, misestimated
fat content by 70% (Mdn = 52%, SD = 60%, 95%, CI [64%, 75%]).

The range of the absolute deviation score differed between nutrients: Most parents
misestimated fat and sugar content by approximately £100% (total rangesuga= 10.56 —
460.03; total rangern—= 14.76 — 433.92), while deviations for salt were considerably broader
(total rangesaic = 26.00 — 4,008.82; Figure 1). We found moderate correlations between

absolute mean deviation scores for sugar, salt, and fat. Sugar and fat estimation accuracy
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correlated at » =48, while salt estimation accuracy showed weaker associations with sugar
(r=.21) and fat (» = .26).

When focusing on mapping abilities, we observed moderate mean Spearman rank
correlations for sugar (p =.51), salt (p =.62), and fat (p =.69). Looking at estimation
direction, descriptively 58% of parents underestimated added sugar, 57% underestimated
fat, and 39% underestimated salt across all food products containing the respective nutrient
(Table 2). The direction varied also between different food products: approximately 85% of
parents underestimated added sugar in apple juice by 14.37 grams (42%) an average,
whereas only about 27% underestimated added sugar in pizza. Parents who overestimated
the added sugar in pizza did so by an average of 16.17 grams (314%). High sugar products
were more likely to be underestimated than overestimated (psugar = -.45). For salt and fat,
correlations between true amount and underestimation were rather small (psai= -.06, pfa=
-.11). See Table 3 for detailed information on nutrient estimations and deviations by food.
3.2 RQ2: Parents’ Underestimation of Nutrients and Health Outcomes

Surprisingly, no significant associations were found between parents’ BMI or
children’s zBMI and underestimation of added sugar, salt, or fat (see Table 4). A significant
relation was found between parents’ BMI and misestimation of added sugar (absolute mean
deviation score), but in an unexpected direction: Parents who estimated more accurately
had a higher BMI, F(1, 496) = 4.979, B = 0.59, p = .026, R* = .01.

Analogously, we found no statistically significant associations between any self-
reported health condition in parents or children and underestimation of added sugar, salt, or
fat (see Table 4), not supporting H2 and H3. When using the absolute mean deviation score
as a predictor, higher misestimation of fat was significantly associated with a higher
chance of children having any health condition (B = 0.30, odds ratio = 1.35, 95% CI [1.06,

1.68], p = .011).
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3.3 RQ3: Predictors of Parental Estimation SKkills

Descriptively, parents reported paying slightly more attention to sugar (M = 2.19,
SD = 0.81) and fat (M =2.15, SD = 0.81) when grocery shopping than to salt (M = 1.75,
SD = 0.78). We found a ceiling effect in general numeracy, with all parents scoring at least
2 on the 3-point numeracy scale. The predictor measures of awareness (attention to the
three nutrients and frequency of using nutrition labels) were highly correlated with each
other (ranging from .58 to .71) but were only weakly related to general numeracy
(around .10; see Table S2).

Tests for H4-H6 yielded mixed results: For added sugar, frequency of nutrition
table use significantly affected absolute mean deviation, F(1, 506) = 6.301, B =-0.11, p

=.012, R?> = .01, while there was no effect for attention, F(1, 506) = 2.380, B =-0.07, p

123, R? = .004) or numeracy, F(1, 506) = 0.198, B =-0.02, p = .657, R* < .001. For salt,
general numeracy significantly predicted absolute mean deviation, F(1, 506) =4.977, 3 = -
0.10, p = .026, R*> = .01, but not attention, F(1, 506) = 1.593, B = 0.05, p = .308, R> = .003)
or frequency of nutrition table use, F(1, 506) = 0.009, B =-0.004, p = .923, R> < .001).
Finally, for fat, attention, F(1, 506) = 5.445, B =-0.10, p = .020, R> = .01, and frequency of
nutrition table use, F(1, 506) = 4.852, B =-0.10, p = .028, R?> = .01, significantly predicted
absolute mean deviation, but not general numeracy, F(1, 506) =1.169, B =-0.05, p =.280,
R?=.002). These results support H4b, H5a, and H6b and ¢ (see Figure 2). The effects
remain stable when controlling for parents' education and BMI but the relation between
numeracy and the estimation accuracy of salt was no longer statistically significant when
income was controlled (see Table S3—6).

4. Discussion
Most parents struggle to accurately estimate nutrient content in foods, with the

extent and direction of misestimation—overestimating or underestimating—varying
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between nutrient type and food. We found no associations between underestimation and
health outcomes. Although numeracy and awareness are potential predictors, their effects
differ by nutrient type.

As hypothesized, parents frequently misestimated the sugar, salt, and fat content in
various foods with deviations exceeding 50% from the actual content, supporting our
hypotheses. This supports previous studies (Dallacker et al., 2018; Konig et al., 2019;
Moran et al., 2017). Interestingly, accuracy in estimating one nutrient did not predict
accuracy for others. Salt estimation seemed to be particularly challenging, highlighting the
need to expand research beyond sugar estimation.

Descriptively, parents tended to underestimate sugar content, consistent with
Dallacker et al. (2018), although this trend was less pronounced in the current sample.
Comparing the three food items used in both studies, the proportion of parents
underestimating was similar for cola, but lower for pizza and yogurt. A similar
underestimation pattern was observed for fat, marking an important extension of the
literature, as this study is among the first to explore parental fat estimation skills. Salt was
less frequently underestimated, probably because of its smaller quantities, resulting in a
narrow range between 0 and the true value. Despite a weaker correlation between true and
estimated salt content, the broad range in estimates suggests salt is the most difficult
nutrient to estimate accurately.

The direction of misestimation varied by product. For example, although cola and
apple juice contain similar amounts of sugar, parents underestimated apple juice’s sugar
content by 15 g but overestimated cola’s by 10 g, possibly reflecting a "health halo" effect
(see, e.g., Provencher et al., 2009), where apple juice is perceived as healthier. Regarding
fat, only milk and butter were consistently underestimated, suggesting parents expect less

fat in natural or minimally processed products. Despite poor accuracy in estimating
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absolute amounts of fat, sugar and salt, parents showed medium to nearly high agreement
in actual ranking of the products in sugar, salt, and fat, indicating mapping ability might be
easier for parents and closer to their everyday grocery decisions.

Contrary to our hypotheses, we found no relations between parents’
underestimation of sugar, salt, or fat and the BMI of either parents or children, which
contrasts with previous evidence (Dallacker et al., 2018). Notably, we excluded parents
who overestimated or correctly estimated nutrient content in these analyses, which reduced
our sample size. One possible explanation is that participants with higher BMIs may be
more aware of food nutrients, owing to previous weight loss efforts (I. Santos et al., 2017),
which could have reduced the effect. This fits with the explorative finding that parents with
lower BMI had less accurate estimation skills. Future studies could explore moderators like
past weight loss attempts or other measures of nutritional knowledge. Moreover, food
literacy involves more than nutritional knowledge, including factors like access to healthy
food, cooking skills, and mindful eating (Vidgen & Gallegos, 2014). We also found no
effect of parental underestimation on the likelihood of nutrition-related health conditions,
likely due to limited variability in these conditions. We found a significant effect for
absolute misestimation of fat and likelihood of children having a nutrition-related health
condition, though the small number of affected children calls for caution in interpretation.
Age did not predict health conditions, but for children these may emerge later in life.

Several factors may explain the mixed findings on how numeracy and awareness
affect nutrient estimation accuracy: Salt had the widest estimation range, indicating that it
was the hardest to estimate. This may explain why numeracy significantly impacted salt
estimation accuracy but not for sugar or fat. Numeracy was also generally high among
participants, limiting its predictive power. Nutrition label use or attention to nutrients did

not predict salt estimation accuracy. Parents paid less attention to salt compared to sugar or
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fat, suggesting they are less mindful of salt when shopping or reading nutrition labels,
which makes awareness a weaker predictor. Presenting information improved sugar and fat
estimation accuracy, suggesting consumers focus more on these nutrients when reading
labels. Awareness measures predicted fat estimation, while only nutrition table use
improved sugar estimation. This fits with previous studies on seeding interventions (Grof3
et al., 2024) and suggest that policy interventions on how nutrient information is presented
could help parents make healthier food choices, especially in supermarkets.
4.1 Limitations, Strengths, and Future Research

This study examined parental estimations of sugar, salt, and fat content across
various food products in a diverse, educationally varied sample. The notable differences in
estimation accuracy between foods is central when interpreting previous study findings and
planning future research. A key contribution is our quantification and statistical testing of
what constitutes a meaningful misestimation. The study also expanded existing research by
exploring parents' mapping ability and identifying predictors of nutrient estimation
accuracy. Our large sample, including parents with lower education levels, enhances the
generalizability of our findings. In-home interviews ensured high data quality and
controlled conditions for data collection. Although BMI was measured objectively, this
approach has limitations, including potential data entry errors. Extending this research to
clinical samples could enhance our understanding further, especially given the limited
variance observed in health outcomes among children. We used grams as the measurement
unit to align with previous studies, but the selection of food products—despite efforts to be
representative of food habits in Germany—was specific to this study. Although this study
was limited by the specific food products used, future research could benefit from
including a wider range of products to better understand parental understanding of nutrient

content.
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4.2 Conclusion

Accurately estimating sugar, salt, and fat in foods is challenging for most parents.
Providing nutrient information in daily life can help them develop intuitive knowledge and
apply it across different food products. While knowledge alone is not enough, it is an easy
starting point for policy measures that support parents in making informed and healthier

food choices for their families.
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Table 1

Sample Characteristics and Descriptives of Predictors and Outcomes

Variable Parent Child
M (range) SD N M (range) SD N
Age (in years) 39.2 (23-59) 6.59 497  9.2(6-12) 2.10 508
Monthly income (in euros) 3,140.4 1,325.71 412
(900-11,000)
Household size
Adults 1.8 (1-4) 0.52 508
Children 1.7 (1-9) 0.86 508
BMI/zBMI* 26.34 5.98 498 0.17% 1.1 480
(18.29-61.05) (-3.51-3.57)
Attention 508
Sugar 2.19 (14) 0.81
Salt 1.75 (1-4) 0.78
Fat 2.15(14) 0.81
Frequency of nutrition table use 2.28 (1-5) 1.06 508
General Numeracy 2.21 (2-3) 0.41 508
n % N n % N
Gender 508 508
Female 450 88.6 252 49.6
Male 58 11.4 256 50.4
Nonbinary 0 0 0 0
Marital status 508
Single 49 9.6
Living with partner 66 13.0
Married 321 63.2
Widowed/divorced/living 72 14.2
separated
Education: Highest qualification 508
earned”
None/primary 3 0.6
Secondary 365 71.9
Upper secondary 99 19.5
Bachelor’s degree or higher 41 8.1
Employment situation 508
Fully employed 182 35.8
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Variable Parent Child
M (range) SD N M (range) SD N
Part-time/hourly/temporary 246 48.4
Temporarily not 36 7.1
working/unemployed
Pension/retired 1 0.2
Homemaker 39 7.7
In vocational 3 0.6
training/apprenticeship
In school/educational training 1 0.2
Health conditions 508 508
Overweight 97 19.1 28 5.5
Lipid metabolism disorder 9 1.8
Diabetes Type 2 9 1.8 0 0
Hypertension 31 6.1 2 0.4
Tooth decay 79 15.6 16 3.1
Other diseases 19 3.7 14 2.8
Diet style 508 508
Omnivore 476 93.7 498 98.0
Vegetarian 17 33 9 1.8
Vegan 3 0.6 0 0
Low carb 9 1.8 0 0
Other 3 0.6 1 0.2
Allergies (yes) 31 6.1 508 15 3.0 508

Note. * Body mass index (BMI) z scores, which indicate standard deviation from the mean of the population
(age-adjusted and calculated based on The Child and Adolescent Health Survey reference data for 2003 to
2006; Neuhauser et al., 2013). Values over 4 and under -4 were defined as unrealistic values and therefore
excluded. ° For education, categories refer to highest qualification earned: None = no diploma; secondary =
high school diploma with/without job training; upper secondary = high school diploma that qualifies for

university entrance in Germany ([Fach-]Abitur); bachelor’s degree or higher = college or university degree.
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Table 2

Percentage of Parents Underestimating Sugar, Salt, and Fat

Food item Percentage of parents underestimating
Sugar Salt Fat
Apple juice (330 ml) 85.43 — 71.26
Cola (330 ml) 58.46 — —
Milk 3.5% (330 ml) — 62.40 76.97
Chocolate bar (51 g) 83.66 48.03 36.61
Cheesecake (175 g) 52.76 26.97 49.80
Strawberry yogurt (250 g) 65.35 — 54.72
Pizza (355 g) 26.97 39.76 50.00
Sausage (100 g) 30.71 18.11 46.06
Butter (15 g) — — 66.54
Overall 57.62 39.05 56.50

Note. Percentages listed and calculation of the overall score are based on the food products that contain the

nutrient and are therefore capable of being underestimated. Since no participant made a correct estimate for

those products, the complementary percentage (100% — percentage above) corresponds to the percentage of

parents who overestimated. Sugar = Added sugar.
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Table 3

True and Estimated Values and Signed Deviation Scores for All Food Products

Food Item True amount (g) * Estimated amount (g) " Signed deviation (g) ' Signed deviation (%)
- M (SD) " M (SD) - M (SD)
Sugar Salt Fat | Sugar  Salt Fat Sugar  Salt Fat - Sugar Salt Fat
Apple juice 345 0 033 2013 0091 134 -1437 0091 101 4166  — 307.42
(330 ml) (25.69)  (5.98)  (3.84) | (25.69) (5.98)  (3.84) | (74.46) (1,162.29)
Cola 3498 0 0 4573 0.90 251 11075 09 251 130.73 — —
(330 ml) | (49.15)  (2.68)  (7.05) | (49.15) (2.68)  (7.05) | (140.5)
Milk 3.5% 0 036 155 551 1.31 1122 551 0.94 033 | — 260.08 -2.87
(330 ml) C(12.13) (475 (20.72) ©(12.13) (475 (20.72) (1,309.51)  (179.38)
Chocolate bar  30.59  0.21 847 2246 142 1277 -8.13 1.21 43 -26.57 576.79 0.81
(51 g) (11.48)  (327)  (9.11) 1 (1148) (327)  (9.11) (3754  (1,556.07) (107.57)
Cheesecake 2076 0.19 1575 12572 18l 23.00 | 4.96 1.62 725 12391 852.13 46.04
(175 g) C(19.13)  (326)  (19.96) | (19.13)  (326)  (19.96) | (92.15)  (1,713.60) (126.74)
Strawberry 1683 0 725 1786  1.19 096 ' 1.03 1.19 371 612 — 51.18
yogurt (250 g) (19.58)  (2.4) (16.07)  (19.58) (24 (16.07)  (116.35) (221.71)
Pizza(355g) 5.5  3.55 2698 2132 822 3458 1617 4.67 7.6 314 131.51 28.17
(28.04)  (14.44)  (34.07) | (28.04) (14.44) (34.07) | (54437) (406.87)  (126.3)
Sausage 025 166 2500 @ 657 5.57 27.09 632 391 209 2527.56 23548 8.35
(100 g) (952)  (638)  (17.17) 1 (9.52)  (638)  (17.17) | (3,808.87) (384.39)  (68.69)
Butter (15g) 0 0 1248 1.61 1.39 1008 | 1.61 1.38 2.4 — — -19.26
71 (1.69)  (4.10) | (271)  (1.69) (4.1 (32.86)
Overall means —  — 1855 252 1484 | 2.65 1.86 286 | 77.75° 24227°  69.67°
(1372) G4 955 (372 G 05 a0 3757 (60.01)
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Note. The true amount of added sugar, salt and fat is calculated based on the German Nutrient Database (Bundeslebensmittelschliissel; Max Rubner-Institut, 2020)
and producer information. For details, see Table S1 in the Supplemental Material. Sugar = Added sugar.

2 Signed mean deviation score as a percentage was calculated on the basis of mean deviations in grams (first calculating the mean over all food products in grams,
then translating this to percentage deviation). When calculating overall percentage deviation by averaging the individual food product percentages, products that contain very

little of the nutrients are weighted more, because percentage deviation is therefore greater on average, which is not intended.
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Table 4

Overview of Linear and Logistic Regression Results for Hypotheses 2 and 3

Predictor Outcome variable B/OR 95% CI p value R? (adjusted) / Type of
Nagelkerke R? regression

Sugar underestimation BMI parent B=-0.23 -.96, 0.50 538 -.002 Linear
zBMI child =0.03 -0.11, 0.16 .706 <.001 Linear
Health condition OR=1.15 0.90, 1.47 255 .006 Logistic
Parent (Yes/No)
Health condition child OR =1.18 0.72,2.00 525 .004 Logistic
(Yes/No)

Salt underestimation BMI parent p=0.26 -0.74, 1.26 .604 .003 Linear
zBMI child B=-0.06 -0.37,0.24 677 .002 Linear
Health condition OR=2.28 0.31, 18.10 422 .010 Logistic
parent (Yes/No)
Health condition child OR =0.46 0.13,1.42 184 .080 Logistic
(Yes/No)

Fat underestimation BMI parent p=0.42 -0.39, 1.24 307 .005 Linear
zBMI child B=0.05 0.11,0.20 554 .002 Linear
Health condition OR=1.05 0.80, 1.40 725 <.001 Logistic
parent (Yes/No)
Health condition child OR =1.40 0.81,2.61 253 016 Logistic

(Yes/No)
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Note. A negative estimate would go align with the hypotheses’ direction, which means that a more negative relative deviation score is related to higher BMI or higher
probability for health conditions. BMI = Body mass index; zZBMI = standard deviation from the mean of the population for respective age and gender ; CI = confidence

interval; OR = odds ratio; sugar = added sugar.
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Figure 1

Absolute and Signed Mean Deviation Scores of Sugar, Salt and Fat

a) Absolute mean deviations b) Signed mean deviations
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Note. Calculation of absolute and signed mean deviation score as a percentage is based on calculation in grams (first calculating mean over all food products in grams, then
translating this to percentage deviation). When calculating overall percentage deviation by averaging the individual food product percentages, products that contain very little
of the nutrients are weighted more, because percentage deviation is therefore greater on average, which is not intended. Some outliers are cut from the graph for salt because

of the extensive range, for better visualization. The volumes of the violins indicate number of participants having the respective mean deviation score. The boxplot visualizes

the median (central line in the box), the interquartile range (represented by the height of the box), and the range of typical values (whiskers). Sugar = Added sugar.
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Figure 2

General Numeracy and Awareness as Predictors for Estimation Accuracy
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Supplementals

Table S1

Calculation of true values as eSupplement:

https://ost.io/jhwer?view _only=cf732061e0084486be698adea8b1540a

Table S2

Means, standard deviations, and correlations of predictors with confidence intervals

Variable M SD 2 3 4
1. Numeracy Score 221 041
2. Nutrition Tables 2.28 1.06 .09
[.00, .17]
3. Attention Sugar 2.19 0.8l1 .14 .62
[.06, .23] [.57,.67]
4. Attention Salt 1.75 0.78 .01 .58 .61
[-.07,.10] [.52,.63] [.55, .66]
5. Attention Fat 2.15 0.81 .09 .70 71 .61
[-.00, .17] [.65,.74] [.66, .75] [.55, .66]

Note. M and SD are used to represent mean and standard deviation, respectively. Values in
square brackets indicate the 95% confidence interval for each correlation. Nutrition
Tables= Usage frequency of nutrition tables. Sugar=Added sugar
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Table S3
Regression Model for H4b with control variables

Absolute deviation sugar

Predictors Estimates std. Beta  p
(Intercept) -0.48 -0.46  0.633
Nutrition Tables -0.11 -0.10  0.037
Income -0.05 -0.05 0.386
BMI Parent -0.13 -0.13  0.008

Education: secondary 0.45 0.44  0.657

Education: upper 0.53 0.52  0.602
secondary

Education: bachelor or 0.52 0.52 0.610

higher

Observations 406

R? / R? adjusted 0.030/0.016
Table S4

Regression Model for H5a with control variables

Absolute deviation salt
Predictors Estimates std. Beta p
(Intercept) -0.02 0.00 0.642

Numeracy Score  -0.07 -0.07 0.130

Income 0.05 0.05 0.268

Observations 412
R?/R? adjusted  0.009 / 0.004
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Table S5

Regression Model for H6b with control variables

Absolute deviation fat

Predictors Estimates std. Beta p
(Intercept) -0.62  -0.60 0.543
Nutrition Tables -0.11 -0.10  0.037
Income 0.06 0.06 0.286
BMI Parent -0.08 -0.09  0.087
Education: secondary 0.63 0.61 0.541
Education: upper 0.65 0.63 0.531
secondary
Education: bachelor or  0.48 0.47 0.645
higher
Observations 406
R? / R? adjusted 0.021/0.006

Table S6

Regression Model for H6c with control variables

Absolute deviation fat

Predictors Estimates std. Beta p
(Intercept) -0.62  -0.61 0.542
Attention for Fat -0.12 -0.12  0.020
Income 0.05 0.05 0.350
BMI Parent -0.08 -0.08 0.107
Education: secondary 0.63 0.61 0.538
Education: upper 0.66 0.65 0.521
secondary
Education: bacheloror  0.45 0.44  0.665
higher
Observations 406
R? / R? adjusted 0.024 /0.009
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ARTICLE INFO ABSTRACT
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Adolescents in Germany eat fewer animal products than their parents, often for sustainability reasons. We
investigated how adolescents differ from their parents’ generation in sustainability food-choice motives, con-
sumption of animal products, and corresponding behaviors such as advocating for and influencing decisions
towards more sustainable family meals. In an online questionnaire, an educationally diverse sample of 500
adolescents (M = 17.9 years, range = 15-20) and 500 adults of their parents’ generation (M = 52.2 years, range
= 45-60) reported food-choice motives, their own and their family’s diet style, how they advocate for sustainable
food decisions at family meals (e.g., less meat), and how they influence different steps in family meal planning (e.
g., grocery shopping). The two generations did not differ in sustainable food motives and mean consumption
frequency of meat and animal products, but adolescents reported three times more often than their parents’
generation to never eat meat. At shared family meals they advocated for eating plant-based substitutes (d = 0.27,
p < 0.001) and other animal products (p = —0.15, p = 0.02) more often than their parents’ generation, but not
for eating less meat. Adolescents advocated more frequently for sustainable food decisions at shared meals the
more important sustainability motives were to them (p = 0.53, p < 0.001), and the less meat (§ = —0.35, p <
0.001) and fewer other animal products (p = —0.11, p = 0.015) they consumed. Adolescents motivated towards
sustainability have the potential to impact the family’s dietary choices through reverse socialization processes.
These findings challenge current theories that suggest only parents influence their children, neglecting the role of
adolescents as potential agents of change for improved family and planetary health.

1. Introduction

One of the most important influences on the climate crisis is livestock
farming, which contributes between 11% and 19% to the worldwide
greenhouse gas emissions produced by humans (Food and Agriculture
Organization of the United Nations, 2022; Xu et al., 2021). The
EAT-Lancet Commission therefore has advocated reducing consumption
of meat and other animal products to improve planetary and human
health (Willett et al., 2019). Although this planetary health diet may not
be optimized for all regions of the world and all micronutrients (Beal
et al., 2023), scientists agree on the necessity of reducing animal prod-
ucts in the Western diet. In Germany, such a reduction can already be
observed (Bundesministerium fiir Erndhrung und Landwirtschaft
[BMEL], 2019, 2021, 2023): Especially adolescents and young adults
have been continuously eating less meat over the past 5 years. Whereas

in 2019, 8% of 14- to 29-year-olds declared eating vegetarian or vegan,
21% reported doing so in 2023. This corresponds to a twofold increase in
vegetarians and vegans compared to the general population, and a
2.5-fold increase compared to their parents’ generation (age 45-59
years). Plant-based substitutes are also well accepted in the younger age
group: For example, 100% of vegans but also 60% of flexitarians and
34% of omnivores reported liking dairy substitutes (Ziihlsdorf et al.,
2021).

Adolescents and young adults state that climate change is a major
motivation for this behavior: About 40% critically question their meat
consumption for climate reasons whereas only 4% see no need to reduce
their meat intake (Ziihlsdorf et al., 2021). Recent population-based
surveys from Germany have assessed general attitudes toward the
environment and sustainability across age groups. Adolescents and
young adults age 14—29 years reported the highest pro-climate attitudes
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compared to all other age groups and received a higher
readiness-to-change score when asked about adopting sustainable
behavior, including nutrition, than their parents’ generation (40-60
years; mean difference of 0.5 to > 1 scale point on a scale of 1-10; Belz
et al., 2022, p.40).

Importantly, adolescents do not eat as individuals. They often live
with parents and siblings and eat many of their meals in a family context
(e.g., 80% of 12- to 17-year-old adolescents reported often eating dinner
with their families; Frank et al., 2019). Accordingly, to reduce their meat
consumption, that is, to eat in line with their own motives and values
regarding food, they need to engage in the family-meal decision process.
Given that motives and values in adolescents often differ from those of
their parents’ generation, they will often need to overcome obstacles to
achieve their goals. And they do. Adolescents do not just eat what has
been put on the table; they take an active role in meal planning, for
example, by deciding what types of restaurants the family goes to (Chen
et al., 2016), bringing new products from outside (e.g., school, peers)
into the family (Ayadi & Bree, 2010; Williams et al., 2019), and
encouraging the family to try meat substitutes for dinner (Pater et al.,
2022). Although parents remain nutritional gatekeepers, adolescents
take the opportunity to actively change family food choices. This is in
line with family systems theory, which sees families as self-regulating
systems with the ability to make adaptive changes. If one part of the
system changes its attitudes or behavior, this change affects all parts of
the system (Baptist & Hamon, 2022).

Researchers and nongovernmental organizations have suggested that
children are optimal agents for communicating climate change infor-
mation to their parents, especially when other types of awareness
campaigns do not achieve the desired goal (Lawson et al., 2018;
UNESCO, 2020). This process is called “reverse socialization” (Gentina
& Muratore, 2012) and has been examined in the context of consumer
socialization theory: Usually children learn from previous generations,
but there are also cases where knowledge, skills, and attitudes related to
consumption are passed from young to old. One well-known example is
adolescents teaching their parents about technology (Watne et al.,
2011), but initial studies have also shown an influence of children and
adolescents on their parents’ general pro-environmental behavior (e.g.,
car use; Kong & Jia, 2023; Singh et al., 2020) and environmental literacy
(Liu et al., 2022).

Older research on children influencing nutrition in the family context
indicated that family meals become less healthy when adolescents are
allowed to participate in the decision-making process, because they
choose more foods with high sugar and high fat content (De Bour-
deaudhuij & Van Oost, 1998; Ngrgaard & Brunsg, 2011). Thus, this
research does not suggest that children influence their parents in the
direction of a sustainable diet in the sense of the planetary health diet, as
this is primarily based on the consumption of fruits, vegetables, whole
grains, and legumes (Willett et al., 2019). However, adolescents could
be sustainability agents—not necessarily for eating more fruits and
vegetables, but potentially for eating fewer animal products and
replacing them with other products instead. For example, McKeown and
Nelson (2018) found that, given free choice, adolescents would eat few
fruits and vegetables and would be more likely to eat high-carbohydrate
foods, which could potentially also be a replacement for animal prod-
ucts. Other authors showed that although adolescents are more likely to
choose unhealthy foods, when they themselves suggest omitting un-
healthy products (such as candy and soft drinks), this has a great impact
on their family’s behavior (De Bourdeaudhuij & Van Oost, 1998). In
addition, younger adults are more open to trying protein alternatives (e.
g., in one survey, 62% of 14- to 29-year-olds had bought meat and dairy
alternatives more than once before, but only 35% of people age 45 to 59;
BMEL, 2023; Clark & Bogdan, 2019) and children reported that they had
been suggesting meat substitutes for joint family dinners (Pater et al.,
2022). Understanding adolescents’ motivation is central to compre-
hending under what circumstances they influence family meals and to
what extent (Beatty & Talpade, 1994). For example, personal motivation
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worked as one predictor of adolescents’ perceived and also actual in-
fluence on family meal decisions regarding fish consumption (Olsen &
Ruiz, 2008). Also, adolescents who abstained from consuming animal
products often did so for political reasons and should therefore have had
a high personal motivation (Ziihlsdorf et al., 2021).

1.1. Research gaps

The literature mentioned above clearly demonstrates that a larger
percentage of people in adolescence are concerned about the adverse
effects of meat consumption on climate change than in their parents’
generation and that—also because of frequent family meal-
s—adolescents can potentially be important agents of change. Yet,
although recent surveys have addressed adolescents’ preferences or
adolescents’ openness to introducing alternatives to meat, few studies
have explicitly tested how differences in sustainability food-choice
motives translate into food choices, such as consumption of animal
products, between generations. Further, it is unclear how and under
what circumstances a preference for more sustainable, healthy nutrition
in adolescents leads to advocating for less consumption of meat or other
animal-based foods at the family table (e.g., getting involved in family
meal planning, grocery shopping, meal preparation). Also, little atten-
tion has been paid to generational differences in sustainability food-
choice motives and eating by gender, age, and education.

1.2. Hypotheses

On the basis of the theoretical considerations and research described
above, we hypothesized that (1) sustainability food-choice motives play
a more important role in adolescents’ food choices than in the food
choices of their parents’ generation and that (2a) adolescents consume
meat and (2b) other animal products less often than their parents’
generation. Further, we assumed that adolescents advocate more for
lessening consumption of meat (3a) and other animal-based products
(3b) and increasing consumption of plant-based substitutes (3c) at joint
family meals than their parents’ generation. Focusing on adolescents’
motivation for engaging in family meal planning, we hypothesized that
(4a) the less adolescents consume animal products themselves, the more
they advocate for sustainable family meal decisions and (4b) the more
they report more general involvement in family meal planning.

1.3. Exploratory questions (EQs)

Additional to testing our hypotheses, we explored how the genera-
tions differ in (EQ 1a) their recognition of the importance of various
food-choice motives, (EQ 1b) their advocacy of different food groups,
and (EQ 1c) their influence on several steps of meal planning (e.g.,
grocery shopping, menu planning). Further, we asked (EQ 2) if differ-
ences in age (i.e., younger adolescents vs. older adolescents/young
adults), gender, and education relate to differences in sustainability
food-choice motives and eating behavior in both generations. Last, we
examined (EQ 3) if endorsement of sustainability food-choice motives
relates to the frequency of advocating for more sustainable foods and
higher involvement in family meal planning.

2. Methods
2.1. Data transparency

This study was preregistered on OSF registries (https://osf.
io/w6f8k/). All data, analysis code and supplemental material are
freely available at https://osf.io/3pkzt/?view_only=797754991d1e4
1f89d21366225111bd2.

This study was approved by the ethics commission of the University
of Mannheim (EK Mannheim 35/22). Participants gave informed con-
sent to participate in the study.
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2.2. Design and procedure

Participants were 500 adolescents as well as 500 unrelated adults of
their parents’ generation recruited via the respondi access panel, an
established German market research service provider with vast expertise
in conducting scientific surveys. To be eligible, adolescents had to be
between 14 and 20 years old (we recognize that people are usually
called adults from 18 years of age on; yet the majority of them fall in the
age range of adolescence and to distinguish this age group from their
parents’ generation we refer to them as “adolescents” throughout the
manuscript). Living at home was not a requirement, but they could not
yet have children of their own, so that joint family meals referred to
eating together with their parents. Adults, on the other hand, had to
have at least one child and needed to be between 45 and 60 years old.
Potential participants were excluded if they stated they never ate with
their family. Participants responded to a 5-min questionnaire. They
received compensation in the form of points for participation, which
they could exchange for cash or vouchers as part of their respondi-panel
membership.

2.3. Measures

2.3.1. Participant characteristics

Participants reported their age, gender (male, female, nonbinary),
and education (current type of schooling/highest level of academic ed-
ucation). Additionally, adolescent participants were asked about the age
of their parents, and participants of their parents’ generation about the
age of their oldest child. Participants further reported on their family-
meal frequency (on a 5-point scale with answer options “[nearly]
every day,” “3-5 times a week,” “1-2 times a week,” “less than once a
week,” “never”).

2.3.2. Food-choice motives

To assess different food-choice motives, participants were asked to
rate 19 items on eating motives, for example, “I eat what I eat ... because
it is healthy” or “because it is fast to prepare.” Answers were given on a
5-point Likert scale from “never applies” to “always applies” with an
additional answer option “I don’t understand” (adapted from the short
version of The Eating Motivation Survey; Renner et al., 2012). Three
additional items on sustainability and one item on animal welfare were
assessed (e.g., “I eat what I eat ... because it is good for the environment”
or “because animals don’t have to suffer”; adapted from the Vegetarian
Eating Motives Inventory; Hopwood et al., 2020). Cronbach’s alpha for
the three additional items on sustainability was 0.93 for adolescents and
0.92 for adults of their parent’s generation. A mean score for those three
sustainability items was calculated (‘sustainability motive score’).

2.3.3. Diet style

Participants were asked about their personal diet style regarding
sustainability using a survey question with different items based on the
recommendations for sustainable diets of the German Nutrition Society
(Renner et al., 2021) and answers given by participants in the Euro-
barometer 93.2 survey (European Commission Brussels, 2021), who
reported on important aspects of sustainable diets. We asked partici-
pants how many days a week the following statements applied to them:
Eating meat, eating other animal products (e.g., milk, cheese, eggs),
eating plants (fruits, vegetables, grains, legumes, nuts), eating organi-
cally produced food, eating food that is grown in the region and is in
season, eating food wrapped in a lot of plastic, and throwing away food.
The possible answers for all options were “never,” “1x,” “2-4x,” “at least
5x,” and “always” with a fallback option “I don’t understand” (adapted
from questionnaire options of the German Consumer Expert Council
[(Sachverstandigenrat fiir Verbraucherfragen, Berlin, 2021). Further,
one item was constructed to assess the consumption of plant-based
substitutes (trying “new” plant-based foods [e.g., tofu, oat milk, soy
meat]). The same question with all food groups was asked for their
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family’s diet style to assess baseline consumption (e.g., if the entire
family eats vegetarian, the participant cannot advocate for eating less
meat.

2.3.4. Family-meal advocating for sustainable food decisions

To record self-reported advocacy for specific food groups and, par-
ticipants were first given the study’s definition of a family meal (“A joint
family meal occurs when at least one parent and one child eat
together”). Next, they rated eight statements on a 5-point Likert scale
(from “never” to “always” plus an additional option “I do not under-
stand,” formulated in parallel to the diet-style item). The statements
started with the stem “When we eat meals together as a family, I

2

advocate for ...” followed by “eating less meat”, “eating less of other

0 <

animal products (e.g., milk, cheese, eggs)”, “eating more plants (fruits,

o

vegetables, grain, legumes, nuts)”, “trying ‘new’ plant-based foods (e.g.,

0«

tofu, oat milk, soy meat)”, “eating more organically produced food”,
“eating more food that is grown in the region and is in season”, “eating
less food wrapped in a lot of plastic” and “throwing away less food.” A
higher score means more frequent advocating for sustainable eating. A
mean score for all advocating items were calculated to gain an initial
understanding for overall advocacy frequency related to sustainable

eating in the context of family meals (‘overall advocating score’).

2.3.5. Influence on meal planning

To capture to what extent and at what step participants influence
meal planning, we used items based on Perrea et al. (2012) who—based
on a diary study design—empirically identified and analyzed the indi-
vidual steps of a mealtime planning process. Participants were asked to
rate the following six items (on a 5-point Likert scale from “never” to
“always” plus the additional response option “I don’t understand”): “I
influence what we eat together as a family ... when planning a specific
meal,” “when planning the groceries,” “at the supermarket during
shopping,” “during the preparation of the meal,” “while we are sitting at
the table eating,” “at another step.” A mean score over all process steps
were calculated to gain an initial understanding for overall influence
frequency (‘general influence score’).

2.4. Participants

See Table 1 for detailed sample characteristics. The age of the ado-
lescents’ generation sample responding to our survey was on average 4
years younger than the age of the oldest child of the parents’ generation
sample (M = 21.88, SD = 8.10). Yet, given that they were asked about
their oldest child and most families in Germany have more than one
child (Statistisches Bundesamt, 2020), it is reasonable to assume that the
sampled adults represented the parent generation of the adolescent
survey participants reasonably well. The parent-aged respondents in our
sample were on average 3 years younger than the parents of the
adolescent survey participants (Mpgrent1 = 49.60, SDpgrent1 = 6.64;
Mparent2 = 49.92, SDpgrens2 = 6.67). Yet given the large variability in age
(from 33 to 74 years) and that the adolescent participants did not have to
be the oldest child of a family, we again assumed that the
parent-generation survey participants represented the adolescent re-
spondents’ parents’ generation reasonably well.

2.5. Statistical analyses

Data quality was ensured through early exclusion of speeders
(defined as participants who needed less than 2 min for the entire
questionnaire) during data collection by the access panel. This means
that the 500 adolescents and 500 adults in our sample all took a
reasonable amount of time to complete the survey. Number of missing
values per outcome variable varied between 0% for meat consumption
frequency to 10% for general influence score (Mdn = 1.3%). Participants
with missing values were excluded from the respective analysis (pair-
wise deletion). The assumptions for statistical tests were checked and
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Table 1
Sample characteristics.
Variable Adolescents’generation ~ Parent’s
generation
M SD M SD
Age 17.93 1.21 52.19 4.65
n % n %
Gender
Female 356 71.20 312 62.40
Male 135 27.00 186 37.20
Other 9 1.80 2 <0.01
Education: Highest qualification earned
None/still in school 270 54.00 1 0.20
Secondary school diploma 69 30.00" 250 50.00
Higher level/qualification for 148 64.30" 94 18.80
university entrance
College/University degree 10 4.30° 147 29.40
Other 3 1.30% 8 1.60
Family-meal frequency
(Nearly) every day 297 59.40 312 62.40
3-5 times a week 114 22.80 96 19.20
1-2 times a week 89 17.80 92 18.40
Less that 1-2 times a week 0 0 0 0

Note. N = 1000 (500 per generation). For education, categories refer to highest
qualification earned: None = no diploma/still in school; Secondary = high
school diploma; Higher/Qual = high school diploma that qualifies for university
entrance in Germany (’(Fach-)Abitur’); College/University = college or uni-
versity degree. Numbers above bars are number of participants in each category.

# Calculated only for 230 adolescents who had already finished school for an
easier comparison to adult proportions.

Welch’s t-test was used when no variance homogeneity can be assumed.

For Hypothesis 1, we tested for generational difference in the sus-
tainability motive score using a t-test. To test Hypothesis 2a and b, we
also conducted ¢ tests. As the categories depicting dietary style are
strictly ordinal rather than metrically scaled, we conducted an addi-
tional y2 test of independence to examine whether generational affilia-
tion and consumption of animal products are related, which was not
preregistered. To address Hypothesis 3a—c, we compared the genera-
tions using t tests. For each of the parts of Hypothesis 3, we additionally
used an equivalent linear regression model to include the families’
consumption frequency of meat, other animal products, and plant-based
substitutes as a control variable. For Hypothesis 4a and b, we examined
only adolescents. For each hypothesis, we conducted a regression model
with (a) the overall advocating score and (b) the general influence score
as dependent variables. We included the consumption of meat and other
animal products first as continuous predictors. In addition to these
preregistered analyses, we tested Hypothesis 4a and b with the con-
sumption of meat and other animal products as categorial predictors
using for each a one-way analysis of variance (ANOVA) with Tukey post
hoc tests.

We descriptively compared the importance of all food-choice mo-
tives by using the mean value of each item to form a ranking for both
generations (EQ 1a). Additionally, we investigated which food category
and for which meal planning step the generations reported having the
most impact (EQ 1b and c). Further, we looked at our main outcome
variables separated for age, gender, and education to identify potential
patterns (EQ 2). We also conducted two regression models parallel to our
test of Hypothesis 4a and b using the sustainability motive score as a
predictor for the advocating and general influence score (EQ 3). An
overview table with information on all hypotheses, exploratory ques-
tions and results can be found in supplemental materials. Data were
analyzed using RStudio version 2023.03.0 + 386 (Posit team, 2023),
using the packages psych (v2.3.9; Revelle, 2023), car (Fox & Weisberg,
2019) and effecsize (Ben-Shachar et al., 2020) for the main analyses.
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3. Results

For Details on means, standard deviations, and correlation co-
efficients for investigated variables see Tables 2a and 2b.

3.1. HI: No differences in sustainability food-choice motives between
generations

We did not find significant differences in the sustainability food-
choice motives between generations, twelch(948.16) = —1.24, p = .892
(one-sided), MD = -0.08, 95% confidence interval (CI) [-0.20], d =
0.08, and thus Hypothesis 1 was not supported by our data.

Table 2a
Means and standard deviations of sustainable food motive items, items
measuring advocating for sustainable family meals, and influence on mealtime
planning.

Adolescents* Parents‘ generation p-value
generation
M SD N M SD N

Sustainable food motives

Because it is 3.00 1.16 493 3.13 1.05 483

sustainable.
Because it is good for 298 118 490 298 112 477
the environment.
Because it haslessofan 297 1.15 486 3.06 1.11 477
impact on the
environment.
Sustainable food motive 298 1.09 483 3.06 1.01 469 0.892
score

Advocating for sustainable family meals

... less meat. 3.04 1.37 497 3.08 1.23 499 0.667
... less other animal 234 120 499 230 1.11 499 0.265
products.

.. trying “new” plant- 279 138 499 243 129 500
based foods.

<0.001

.. eating plants. 323 125 498 357 116 499

.. eating organically 2.88 123 497 3.07 125 499
produced food.

.. eating food that is 3.06 117 498 3.07 110 499

grown in the region
and is in season.
.. eating food wrapped  3.24 1.25 497 336 1.25 498
in a lot of plastic.
... throwing away food.  3.60 1.23 498 4.00 1.25 497
Overall advocating score 3.03 094 491 3.18 0.82 496

Influence on mealtime planning

... when planning a 3.53 1.07 498 416 094 497
specific meal.

.. when planning the 3.50 111 497 421 093 497
groceries.

.... at the supermarket 353 115 497 416 095 497
during shopping

.. during the 3.26 1.12 497 3.99 1.08 496
preparation of the
meal.

.. while we are sitting 346 114 492 3.82 112 496
at the table eating.

... at another step. 3.21 1.09 451 3.57 1.07 458

General influence score 339 076 443 399 081 457

Note. All items were measured on a 5-point Likert scale. Anchor points were for
sustainable food motive items from “never applies” to “always applies”and for
advocating as well as for influence items from “never” to “always”. P-values only
shown for comparisons that are tested inferential statistical as part of the hy-
potheses. Sustainable food motive score = mean score for 3 sustainability items;
Overall advocating score = mean score for all advocating for sustainable family
meals items; General influence score = mean score for all Influence on mealtime
planning items.
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Table 2b
Correlations of sustainable food motive score, overall advocating score and
general influence score.

Adolescents’ sustainable food overall general
generation motive score advocating score  influence score
Sustainable food 1
motive score
Overall advocating 0.54 1
score
General influence 0.27 0.44 1

score

Parents’ generation

Sustainable food 1

motive score

Overall advocating 0.56 1

score

General influence 0.22 0.28 1

score

Note. Sustainable food motive score= mean score for 3 sustainability items; Overall
advocating score=mean score for all advocating for sustainable family meals items;
General influence score= mean score for all Influence on mealtime planning items.

3.2. H2: Adolescents eat more often no meat at all

On average, there was no significant difference in the frequency of
meat consumption between generations, tyelch(922.65) = —0.25, p =
0.399 (one-sided), MD = 0.016, 95% CI [0.09], d = 0.02. However,
looking at the distribution instead of the mean (Fig. 1), we found that
adolescents were more than three times as likely to never eat meat than
their parents’ generation. They also stated more frequently that they
always eat meat. The y? test of independence shows that generation and
meat consumption were interdependent, X2(4) =72.198,p < 0.001, ¢ =
0.26. For other animal products, we found neither a significant differ-
ence in means of generations, t(998) = 0.52, p = 0.699 (one-sided), MD
= 0.032, 95% CI [, 0.13], d = 0.03, nor a significant dependence on
consumption frequency and generation, y*(4) = 8.441, p = 0.077.

3.3. H3: Adolescents advocate for other animal products and new plant-
based products

Adolescents were significantly more likely to advocate for trying

more new plant-based products at shared meals, t(997) = 4.26, p <
0.001 (one-sided), MD = 0.36, 95% CI [0.22], d = 0.27. This effect also

300

00

Adolescents' generation
Parents' generation

Number of participants

00

§ B ID -

Never 1x 2-4x At least 5x Always
Frequency of meat consumption (days per week)

Fig. 1. Meat Consumption Frequency for Both Generations
Note. N = 500 per generation.
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held when we controlled for the consumption of new plant-based
products in the family. Contrary to our expectations, we did not find a
mean difference for advocating eating less meat, twelch(980.6) = —0.44,
p =0.669, (one-sided), MD = —0.04, 95% CI [-0.17]1, d = 0.03, or less of
other animal products, t{(996) = 0.63, p = 0.265 (one-sided), MD = 0.05,
95% CI [—0.07], d = 0.04. When we additionally controlled for the
amount of other animal products consumed in the family, adolescents
were significantly more likely than their parents’ generation to advocate
for reducing the amount of other animal products consumed, § = —0.15,
F(2,991) = 38.07, p = 0.02, R = 0.07, indicating a suppressor effect
which describes the increase of the model’s predictive power through
inclusion of an additional predictor. We did not find this effect for meat
consumption when we controlled for family consumption, p = —0.12, F
(2,991) = 37.33, p = 0.148, R? = 0.07.

3.4. H4: Adolescents consuming less animal products advocate for more
sustainable family meals

Focusing only on adolescents, a negative linear trend of the rela-
tionship between frequency of meat consumption and reported advo-
cacy of sustainable food decisions at family meals was observed (see
Fig. 2).

The linear regression model with overall advocating score as the
dependent variable and consumption of meat and other animal products
as the two predictors showed a significant effect for both predictors
(meat: p = —0.35, p < 0.001; other animal products: p = —0.11, p =
0.015), F(2,488) = 50.6, R? = 0.17. Adolescents who ate less meat and
less of other animal products advocated more for sustainable family
meal decisions.

The additionally conducted ANOVAs showed a significant effect for
meat, F(4,486) = 23.93, p < 0.001) and other animal products, F(4,486)
= 9.52, p < 0.001. For meat, post hoc tests indicated that advocacy
clearly differed between the three frequency categories of meat con-
sumption (i.e., never, sometimes [1x; 2-4x], often [at least 5; always]).
For other animal products, the pattern was less clear and suggests that
major differences could be found between those eating other animal
products never, 1x, or 2-4x per week versus those eating them at least 5x
or always (see Tables S1 and S2 in the Supplemental Materials for sta-
tistical details of the post hoc tests).

The frequency of consuming meat or other animal products did not

Overall advocating score
© IS

N

1 .

Never Atleast 5x Always

2-4x
Weekly meat consumption

Fig. 2. Adolescents Advocating for Sustainable Food Decisions at Family Meals
by Weekly Meat Consumption Frequency

Note. Overall advocating score is the sum score of all items that measure fre-
quency of advocating for more sustainable family meals (less meat, less of other
animal products, more plants, trying “new” plant-based foods, more organically
produced food, more food that is grown in the region and is in season, less food
wrapped in a lot of plastic, throwing away less food). Violins show density of
distribution per category in orange, medians and quartiles blue. N = 491 owing
to missing values.
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predict the general influence score (mean score of reported influence on
all meal-planning step items)—neither in the continuous analyses (meat:
f = —0.04, p = 0.42; other animal products: p = —0.01, p = 0.844), F
(2,440) = 0.49, nor in the additional categorical analyses to account for
the categorical nature of the predictors, meat: F(4,438) = 0.661, p =
0.661; other animal products: F(4,438) = 0.32, p = 0.864.

3.5. EQ la: Habits for adolescents, naturalness for parents?

We found both similarities and clear differences in food-choice mo-
tives between adolescents and their parents’ generation: Both genera-
tions rated taste as the most important motive, closely followed by
enjoyment. The two least important motives were also similar—eating
because of being sad and because others like it. The clearest differences
were found in the motive “naturalness,” which adolescents rated as
considerably less important than their parents’ generation (Rank 15 vs.
8). On the other hand, habit played a more important role for adoles-
cents (Rank 3 vs. 9). Table 3 shows mean scores and ranks of all food-
choice motives for the two generations.

3.6. EQ 1b and Ic: Parents report more influence in general

Descriptively, adolescents reported a slightly lower advocating for
sustainable food decisions at family meals than their parents’ generation
(overall M = 3.03 vs. 3.18)but rated their advocacy specifically for
eating less of other animal products and for trying “new” plant-based
foods more highly than their parents’ generation did (see Table 2a for
details). Both generations reported that their most frequent advocacy
was for avoiding food waste (M = 3.60 for adolescents and M = 4.0 for
parents’ generation).

The parents’ generation reported greater general influence on meal

Table 3
Ratings of eating behavior motives.

Adolescents’
generation

Motive: I eat what I eat ... Parents’ generation

M SD Rank M SD Rank

Because it tastes good. 4.42 0.77 1 4.46 0.70 1

Because I enjoy it. 3.72 097 2 394 094 2

Because I am accustomed to 3.60 0.93 3 3.37 1.05 9
eating it.

Because it belongs to certain 354 1.09 4 351 112 6
situations.

Because I need energy. 354 109 4 374 103 4

Because it is quick to prepare. 3.52 094 6 345 097 7

Because it is healthy. 338 1.02 7 379 091 3

Because it is inexpensive. 3.28 1.03 8 2.98 1.05 13

Because it is social. 3.23 112 9 3.63 1.03 5

Because the presentation is 3.06 1.12 10 3.06 1.15 11
appealing (e.g., packaging).

Because it is sustainable. 3.00 116 11 313 1.05 10

Because it is good for the 298 118 12 298 112 18
environment.

Because it has less of an impact 2.97 1.15 13 3.06 111 11
on the environment.

Because animals do not have to 291 1.36 14 290 124 15
suffer.

Because it is natural (e.g., not 2.81 1.20 15 3.40 0.97 8
genetically modified).

Because it would be impolitenot 279  1.20 16 2.21 112 17
to eat it.

Because it is low in calories. 268 127 17 290 112 15

Because I am sad. 266 130 18 1.87 110 19

Because others like it. 225 115 19 1.89 1.14 18

Note. N > 450 for all items (per group); participants indicated the importance of
every food-choice motive on a 1-to-5 scale (no participant chose the option “I
don’t understand™); the ranking was formed separately for the generations based
on their mean values: The food-choice motive with the highest mean importance
is ranked 1, the one with the lowest mean importance is ranked 19. If two mo-
tives have the same mean, both are given the same rank.
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planning when eating together as a family (overall Magus = 3.99 vs.
Madolescents = 3.39) and more frequent influence than adolescents on
every individual meal-planning step. Separately by generation, adoles-
cents reported most frequently having an influence during grocery
shopping and when planning a specific meal, their parents’ generation
when planning the groceries (see Table 2a).

3.7. EQ 2: Gender as an important factor

For the central outcome variables sustainability motive score, meat
consumption, and overall advocating score, we found some notable
differences in terms of gender and education: Women were more likely
not to eat meat than men, especially among adolescents (adolescents:
24% women vs. 4% men; parents’ generation: 7% women vs. 3% men)
whereas men were more likely to always eat meat (adolescents: 4%
women vs. 19% men; parents’ generation: 3% women vs. 6% men). In
addition, both adolescent women and women of their parents’ genera-
tion reported more frequently advocating for sustainable family meal
decisions than men (Madolescents: 3-16 for women vs. 2.68 for men;
Maduits: 3.3 for women vs. 2.98 for men). To account for these differences
and the fact that our adolescent sample has a higher proportion of
women, we additionally calculated all generational comparisons re-
ported above with gender as a control variable; the results remain
comparable with regard to size and direction. Descriptively, we also
found a trend toward higher education being associated with never
eating meat and more advocating for sustainable family meal decisions
(see Fig. 3 for meat consumption; for sustainability food-choice motives
and advocating, see Figs. S1 and S2 in the Supplemental Materials).

3.8. EQ 3: Importance of sustainable motives predict reported advocating

Exploratory analyses showed that sustainable motives are predictive
for the overall advocating score (f = 0.53), F(1,474) = 194.8, p < 0.001,
R? = 0.29, as well as for the general influence score on meal planning (
= 0.27), F(1,430) = 36.07, p < 0.002, R*> = 0.08.

4. Discussion

This study explored generational differences in animal product
consumption, food-choice motives, and advocating for sustainable
family meal decisions. It also examined predictors of advocating for
sustainable family meals in adolescents. The generations did not differ in
overall meat consumption frequency, but adolescents more often re-
ported clear-cut behaviors: Adolescents were about three times as likely
not to eat meat but also twice as likely to eat meat daily compared to
their parents’ generation. Adolescents were more likely than their par-
ents’ generation to advocate for trying new plant-based substitutes at
family meals and especially reported more advocating for sustainable
family meals when they themselves engaged in less consumption of
animal products and reported higher endorsement of sustainable food
values.

Contrary to our hypotheses, there was no significant difference be-
tween the generations in importance of sustainability food-choice mo-
tives. One possible explanation is the item wording we used: Two out of
three items addressed the environment more generally, not specifically
climate change. Still, previous surveys also found higher endorsement of
pro-climate attitudes and readiness-to-change among younger genera-
tions (Belz et al., 2022). Other aspects of environmental awareness (e.g.,
environmental attitudes, environmental behavior) were more important
in their parents’ generation (Belz et al., 2022). This indicates that
“environmental motives” in themselves are a very broad concept in
which certain aspects can be more important for one generation than
another. To better understand the potential of adolescents and young
adults as actors for future climate protection, research could differen-
tiate aspects of environmental awareness that are relevant in the
everyday lives of adolescents versus not.
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Fig. 3. Meat Consumption Patterns by Age, Gender, and Education

Note. For education, categories refer to highest qualification earned: None = no diploma/still in school; Secondary = high school diploma; Higher/Qual = high school
diploma that qualifies for university entrance in Germany (’(Fach-)Abitur’); College/University = college or university degree. Numbers above bars are number of

participants in each category.

Not finding significant mean differences in meat and other animal
product consumption frequency between generations was unexpected.
Importantly, substantial differences between the generations emerged
when examining the distribution in meat consumption frequency: That
over 18% of the adolescents reported not eating meat (compared to 5%
in their parents’ generation) is consistent with the high numbers of
vegetarians and vegans in Germany in this age group (Heinrich-Boll--
Stiftung & Bund fiir Umwelt und Naturschutz Deutschland (Hrsg.),

2021; Ziihlsdorf et al., 2021). This suggests that young people are more
likely to be represented at the ends of the scale and decide for or against
meat consumption more decisively than their parents’ generation,
making the mean a less useful measure to explore consumption patterns.
One explanation for this decisive choice of adolescents is that adoles-
cence is a crucial phase for the development and change of social
identity (Tanti et al., 2011). Having a vegetarian identity and belonging
to this group is gaining importance (Nezlek & Forestell, 2020; Rosenfeld
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etal., 2020). In summary, it is too simple to assume that young people on
average consume animal products less or more often than their parents’
generation. Further investigation of patterns and a closer look at un-
derlying processes such as social identity could further advance our
understanding of sustainable diets across generations.

Again, not supporting our hypotheses, adolescents were not more
likely than their parents’ generation to report advocating for less con-
sumption of meat at shared meals - descriptively, it was the other way
around with parents advocating more. One probable explanation is that
they did so for health reasons: Eating a lot of meat (especially red meat)
has many negative health consequences, including cardiovascular dis-
eases and higher cancer risk (Wolk, 2017). Previous research showed
that healthiness of the meal is important to parents (Russell et al., 2015;
Sendergaard & Edelenbos, 2007)—which we also found in the current
study (“healthy” as a food-choice motive ranked seventh for adolescents
vs third for their parents’ generation). Of note, participants of the par-
ents’ generation reported higher advocacy than adolescents on all
advocating items—this merits further investigation to better understand
whether this is a measurement issue, answer bias, or part of parents’ role
as nutritional gatekeepers.

As predicted, adolescents advocated more for eating less other ani-
mal products and trying plant-based substitutes at shared meals than
adults of their parents’ generation. This fits with previous research
showing that children and adolescents are more likely to bring new
products from outside into the family system (Ayadi & Bree, 2010;
Williams et al., 2019) and that especially dairy substitutes are highly
popular (Ziihlsdorf et al., 2021). This finding is particularly interesting
for future research and practice because it provides empirical evidence
about the types of foods adolescents advocate for. Also, it shows what
types they do not care about, potentially because they are less important
for them, or because another family member is responsible for that
aspect of the meal. Plant-based substitutes as a product parents feel less
responsible for, as they consider plant-based substitutes for instance to
be unhealthier, may be a lever for adolescents (Erhardt & Olsen, 2021).
It is important to consider plant-based substitutes for meat in the context
of sustainable diets. Although they do not classically reflect the plane-
tary health diet (Willett et al., 2019), their increased consumption may
reduce the overall consumption of animal products eaten in the family.

Adolescents who reported less consumption of animal products
themselves also advocated for more sustainable food choices. We found
an even stronger predictive effect for sustainable food values on family
meal planning. These findings are in line with previous work showing
that adolescents have a personal motivation to bring their own values
into the family (Olsen & Ruiz, 2008). Interestingly, participants’ own
behavior—the consumption of animal products—had no predictive ef-
fect at all on their reported influence on general meal planning, whereas
sustainability food-choice motives did. One explanation for this finding
is that there may be other reasons for reduced meat consumption beyond
sustainability (e.g., health, taste) that do not cause such a strong need for
advocating, weakening the effect. Another explanation is that strong
importance of sustainable food values may lead adolescents to attempt
to influence family meal planning in line with these values, whereas
their eating behavior itself may differ from these values, for instance, to
compromise with their families to avoid conflicts.

4.1. Strengths, limitations, and future research

This study specifically compared adolescents and their parents’
generation regarding their sustainability food-choice motives, con-
sumption of animal products, and corresponding behaviors such as
advocating for and influencing more sustainable family meals in a large,
diverse sample. Our research question focused on generational differ-
ences and overarching patterns rather than on specific families, which
needs to be considered when interpreting the data. Two further meth-
odological aspects are worth noting: First, we restricted the number of
additional control variables in the models. Although we compared
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differences between age, gender, and education descriptively and tested
all generational comparisons again while controlling for gender, we did
not control for age and education. For one, no striking differences were
found for age and—even more important—half of the adolescents had
not finished school yet, which made educational comparisons of little
informative value. In addition, we wanted to keep the statistical models
as simple as possible. We did not assess other potentially interesting
variables such as political attitudes. Given the broad sampling strategy
of the access panel we used, we expected diverse political views to be
represented in the sample. Second, we measured diet style in categories
(never, 1x a week, 2-4x a week, etc.) and not linearly (e.g., on how many
days of the week do you eat meat?). This has advantages and disad-
vantages: When asking participants to report their eating behavior as the
number of days per week, statistical methods that require a metric scale
level could be used. At the same time, respondents often have problems
differentiating whether they eat different foods five or six times a week
(Egele et al., 2023); therefore using categories as in the current study can
lead to more precise answers. We also found that for the prediction of
advocacy frequency, three categories for the consumption of meat
(never, sometimes, often) and two for consuming other animal products
(sometimes, often) were enough. A more fine-grained measurement
would not have provided additional information to predict frequency of
advocacy.

The same applies to the fact that we did not measure the quantity of
meat consumption, but the frequency. It is very challenging for partic-
ipants to retrospectively add up the quantity of various meat products (e.
g., sausage, steak, ham cubes) over a period of time, because they need
to both, remember all instances of eating meat and be able to estimate
the amount on their plates which is generally difficult, but especially for
dishes such as soups or stews, or when eating out. To measure the
quantity somewhat reliably, at least an experience sampling design
would be required, which would go beyond the aims of the current
survey. Measuring the frequency can only be a proxy for quantity, this
needs to be taken into consideration when interpreting the results.

4.2. Conclusion

Adolescents do not on average eat more sustainably than their par-
ents’ generation, but they are more likely to make clear-cut choices such
as becoming vegetarian. Adolescents for whom sustainability food-
choice motives are important advocate for them at shared meals; they
also bring new plant-based products to family meals. Shared family
meals provide adolescents the opportunity to become agents of change
and in a reverse socialization process contribute to more sustainable and
healthy family diets.
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Figure S1

Sustainable food motive scores for age-, gender- and education groups
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Figure S2

Overall advocating score for sustainable family meal decisions for age-, gender- and

education group
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Table S1
Statistical Parameter of Post Hoc Tests for Meat Consumption Frequency

Comparisons Difference p-value 95% CI

LL UL
Never — 1x 44 .019 .05 .83
Never — 2x-4x .69 <.001 40 .99
Never — at least 5x 1.13 <.001 74 1.52
Never — always 1.28 <.001 .83 1.74
1x — 2x-4x 25 237 -.08 .59
1x — at least 5x .69 <.001 27 1.11
1x — always .84 <.001 36 1.33
2x-4x — at least 5x 44 .003 11 7
2x-4x — always .59 <.001 18 1.00
At least 5x — always A5 909 -33 .63

Notes. Tukey Post Hoc Test was conducted to explore which frequency categories of
consumption differ significantly in how often adolescents advocate for sustainable family
meals. N=491

Table S2

Statistical Parameter of Post Hoc Tests for Consumption Frequency of other animal
products

Comparisons Difference p-value 95% CI

LL UL
Never — 1x .65 321 -29 1.58
Never — 2x-4x .70 171 -.16 1.55
Never — at least 5x 1.01 011 .16 1.87
Never — always 1.23 <.001 37 2.08
Ix — 2x-4x .05 .999 -42 52
1x — at least 5x 37 203 -.10 .84
1x — always .58 .008 .10 1.06
2x-4x — at least 5x 32 017 .04 .60
2x-4x — always .53 <.001 23 .83
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At least 5x — always 21

273

-.08 .50

Notes. Tukey Post Hoc Test was conducted to explore which frequency categories of
consumption differ significantly in how often adolescents advocate for sustainable family

meals. N=491

Overview table of Hypotheses, Exploratory Questions and Results

Number Hypotheses/Explorative Question Results

HI Sustainability food-choice motives No significant differences
play a more important role in between generations
adolescents’ food choices than in the (twelcn(948.16) = -1.24, p = .892,
food choices of their parents’ d=0.08.)
generation.

H2a Adolescents consume meat less often | No significant difference in
than their parents’ generation. mean frequency of meat

consumption (twetch(922.65) = -
25, p=.399), but adolescents
more likely to never and always
eat meat.

H2b Adolescents consume other animal No significant difference in
products less often than their parents’ | consumption frequency between
generation. generations (#(998) = .52, p =

.602, d =0.03.

H3a Adolescents advocate more for No significant difference in
lessening consumption of meat at joint | advocating frequency between
family meals than their parents’ generations (fweicn(980.6) = -.44,
generation. p=.663,d=0.03).

H3b Adolescents advocate more for Significant effect when
lessening consumption of other controlling for amount of other
animal-based products at joint family | animal products eaten, which
meals than their parents’ generation. indicates suppressor effect (= -

15, p=.02).

H3c Adolescents advocate more for Significant difference in the
increasing consumption of plant-based | expected direction (#(997) =
substitutes at joint family meals than 4.26,p <.001,d=0.27).
their parents’ generation.

H4a The less adolescents consume animal | Significant predictive effect in
products themselves, the more they the expected direction for meat
advocate for sustainable family meal (B=-.35, p<.001) and other
decisions. animal products (B=-.11,p =

.015).

H4b The less adolescents consume animal | No significant effect for meat (
products themselves, the more they =-.04, p = .42) or other animal
report general involvement in family products (B =-.01, p = .844).
meal planning.
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EQla How do the generations differ in their | Most important differences in
recognition of the importance of ‘naturalness’ (more important
various food-choice motives? for parents) and ‘habits’ (more

important for adolescents).

EQIb How do the generations differ in their | Parent’s generation reported
advocacy of different food groups? greater influence in general.

Adolescents reported more
influence on eating less other
animal products and trying
‘new’ plant-based products.

EQIlc How do the generations differ in their | Parent’s generation reported
influence on several steps of meal greater influence in general.
planning? Adolescents reported most

frequently having an influence
during grocery shopping and
when planning a specific meal.

EQ2 Do differences in age, gender, and Women were more likely to not
education relate to differences in eat meat and reported more
sustainability food-choice motives and | frequent advocating for
eating behavior in both generations? sustainable family meal

decisions.

EQ3 Does endorsement of sustainability The more important
food-choice motives relate to the sustainability motives are for
frequency of advocating for more adolescents, the more frequent
sustainable foods and higher they advocate for sustainable

involvement in family meal planning? | family meal decisions (f =.53),
p <.001) and report influencing
the meal planning (B =.27, p <
.002).

110



Manuscript 5

Manuscript 5 — Exploring the role of adolescents in healthier, more sustainable family

meals: A decision study on meat consumption

Published Article:
Mata, J., Knobl, V., & Takezawa, M. (2025). Exploring the role of adolescents in healthier,
more sustainable family meals: A decision study on meat consumption. Appetite,

Article 107916. https://doi.org/10.1016/j.appet.2025.107916

111



Manuscript 5

Appetite 208 (2025) 107916

Contents lists available at ScienceDirect

Appetite

Eating and Drinking

Appetite

journal homepage: www.elsevier.com/locate/appet

ELSEVIER

Exploring the role of adolescents in healthier, more sustainable family
meals: A decision study on meat consumption®

Jutta Mata ™ ®, Vanessa Knobl?, Masanori Takezawa “%:°

2 Health Psychology, School of Social Sciences, University of Mannheim, Germany

® Mannheim Center for Data Science, University of Mannheim, Germany

¢ Department of Behavioral Science, Hokkaido University, Sapporo, Japan

d Center for Experimental Research in Social Sciences, Hokkaido University, Sapporo, Japan

€ Center for Human Nature, Artificial Intelligence, and Neuroscience, Hokkaido University, Sapporo, Japan

ARTICLE INFO ABSTRACT
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Objective: Can children’s preferences make family meals healthier and more sustainable? Extending cultural
evolution theory, we explored the children’s role in a possible bottom-up transmission of meat preferences to
their parents in the context of family meals.

Methods: Fifty-seven parent—child dyads from Germany (age: Mchildren = 15.9 years, Mparents = 50.5 years; 67%
daughters, 93% mothers; 14% of children and 0% of parents followed a vegetarian/vegan diet; 82% of children
were still in school; 42% of parents had a bachelor’s degree or higher) decided on a family meal through dis-
cussion, which was videotaped. Before and after discussing, dyad members separately stated their preferred meat
proportion for the family meal.

Results: In contrast to our hypotheses, on average children neither preferred less meat nor had a stronger in-
fluence on meat proportions in family meals than their parents. Daughters—despite a considerably lower pref-
erence for meat—did not reduce meat at family meals more than sons. Rather than demographic characteristics
(i.e., age, gender), it was specific behaviors of children or dyads that predicted stronger influence on and
eventually lower proportion of meat at family meals. These specific behaviors were following a vegetarian/vegan
diet, general conflicts about meat-related aspects of family meals, and—in tendency—mentioning sustainability
arguments in discussions. Conclusions: Children can be part of the change toward healthier and more sus-
tainable family foodways—which could improve the family’s health—if they themselves eat accordingly and
actively advocate for it.

1. Introduction which acknowledges children as active participants). This neglect of
focus on children seems to reflect a more general theoretical gap in the

Families are an essential context and predictor of protective health literature on how children—or more broadly, the filial gen-

behaviors in general (e.g., Fosco et al., 2023) and a central environment
for eating behaviors in particular (e.g., Dallacker et al., 2018, 2019,
2023; Knobl et al., 2022). The literature on health behaviors in family
contexts usually assumes that parents influence their children. Children
as active agents have often been overlooked in models and theories
conceptualizing families as health-promoting settings (Michaelson et al.,
2021 for a review, but see e.g., Moore et al., 2017, for a framework

eration—shape society. Cultural evolution theory—a theory on how
preferences or behaviors change over time within groups or soci-
eties—distinguishes between vertical (parents to children), horizontal
(peers to peers), and oblique (nonparental members of the parental
generation to the filial generation; Cavalli-Sforza et al., 1982) trans-
mission of information rarely considers that a transmission of informa-
tion, preferences, or behavior from children to their parents might

* We have no conflicts of interest to disclose. This study was supported by a grant from the German Research Foundation (DFG) to Jutta Mata, project no.
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occur.

Yet, the lifetimes of different generations often overlap by several
decades, and psychological theories predict—and empirical research
shows—Ilifelong learning until late in adulthood (e.g., Lindenberger &
Lovdén, 2019). Therefore, cultural transmission from the filial to the
parental generation seems plausible. A recent example is the “Fridays for
Future” movement, started by the younger generation in 2018 to combat
climate change, prompting parents to form “Parents for Future” in 2019
to show support (https://parentsforfuture.de/en/). Similarly, children
influence family dynamics, as families—typically consisting of two
generations—serve as daily contexts for cultural transmission through
social learning and intergroup processes. One central area of cultural
transmission in the family is eating (e.g., Fischler, 2011; Germov &
Williams, 2008). Although eating is an important topic in health psy-
chology, its social context and the transmission of culture (i.e., prefer-
ences, behaviors) in eating have received comparably little attention
(but see Chen & Antonelli, 2020 for a conceptual framework; Higgs &
Ruddock, 2020, pp. 277-291, for the importance of social norms; Rozin,
1996, for the importance of the socio-cultural context for eating).

Research on family meals generally suggests that parents have an
important role as nutritional gate keeper and in providing their chil-
dren’s nutrition environment. For instance, parental modeling has been
identified as a key predictor of children’s healthy nutrition during family
meals (Dallacker et al., 2019). Also, parents claim to be more strongly
involved in family meal planning, grocery shopping, and meal prepa-
ration than their children (Knobl & Mata, 2024). Yet, adolescence is a
period that is also marked by increasing autonomy in eating decisions
(Ziegler et al., 2021). Adolescents actively contribute to family meals by
introducing new products, often influenced by external sources such as
school or peers (Williams et al., 2019), and by encouraging the family to
incorporate meat substitutes into meals (Pater et al., 2022).

The goal of the current study was to explore when children influence
family meals, using the example of meat consumption. Germany seems a
particularly interesting context for such a study, as the filial and parental
generations tend to have notably distinct preferences: In a representa-
tive survey in Germany (Heinrich-Boll-Stiftung, 2021), more than 20%
of adolescents between 14 and 19 years reported not eating meat; this is
about 3 times as high as in older age groups (Bundesministerium fiir
Ernahrung und Landwirtschaft, 2023). This age difference is relevant to
family meals, as children—based on their different preferences— may
influence their parents, promoting healthier, more sustainable diets
through bottom-up transmission. Opportunities are numerous: Of chil-
dren between 12 and 17 years of age in Germany, 80% have dinner with
their family daily or almost daily (Frank, Brettschneider, Lage Babosa, &
Mensink, 2019). Probably not all children influence their parents’
preferences for meat at family meals equally (if at all). Based on previous
research, we expected to find the following moderators:

Gender. Population-based studies show that girls and young women
are more likely to prioritize environmental protection and refrain from
eating meat compared to boys and young men (Jiirkenbeck et al., 2021;
Modlinska et al., 2020). While research on family meals is scarce, studies
on shared meals suggest women and men adjust their diets when living
together (women eat more meat; men more vegetables; Hartmann et al.,
2014). Explorative analyses indicate women may anticipate more ten-
sion when adopting a plant-based diet (Gregson & Piazza, 2023), and
interviews show women face more hostility from male family members
than men do for vegetarianism (Merriman, 2010). However, among
teenagers, young men report less support for vegetarian diets and are
perceived as less masculine compared to teenage women (Modlinska
et al., 2020), suggesting plant-based diets may be more acceptable for
daughters in family settings.

Dietary style. Refraining from eating meat is likely to more strongly
predict smaller proportions of meat at the family table because finding a
meal that all family members can eat together often entails agreeing on
the smallest common denominator, which is likely food the family
member with the most dietary restrictions will eat (cf., Veen et al.,
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2023).

Concerns about the environment/sustainability. Some studies suggest
that adolescents and young adults are more concerned about certain
environmental issues and sustainability than their parents (Belz et al.,
2022; Johnson & Schwadel, 2018) and often cite political reasons for
abstaining from animal products, increasing their willingness to argue
for less meat at family meals (Jiirkenbeck et al., 2021; Knobl & Mata,
2024; Slotnick et al., 2023). Other research finds the opposite, that is,
parents demonstrate even greater environmental concern and motiva-
tion for pro-environmental behaviors than their children (Casalé &
Escario, 2016; Grgnhgj & Theggersen, 2017). Notably, parent-child
motivation levels are interrelated (Grgnhgj & Theggersen, 2017). Simi-
larities in sustainable consumption between parents and children tend to
increase with close relationships (Gong et al., 2022) and effective
communication but decrease when children exhibit stronger peer con-
formity (Essiz & Mandrik, 2022). These findings suggest that the pres-
ence of sustainability-related attitudes and motivations within the
parent-child dyad may contribute to more sustainable dietary choices.

Conflicts about food/meals. Different attitudes toward environmental
protection and meat consumption can lead to conflicts at family meals
when either parents or children advocate for reducing meat; such
challenging and reshaping of social norms for shared meals has been
especially found in close relationships (Salmivaara et al., 2022). Such
conflicts may precede shifts toward meat reduction in family foodways
(O'Neill et al., 2019). While theoretical models often overlook children’s
active role (Michaelson et al., 2021), interviews show that reduced meat
consumption within a family often stems from a desire for family
cohesion and respecting children’s preferences, driving transitions to-
ward healthier, more sustainable foodways (Hesselberg et al., 2024).
Family systems theory (Baptist & Hamon, 2022) and social transition
frameworks (Judge et al., 2024) suggest that such conflicts can signal
progress toward new norms, like meat-reduced diets.

1.1. Research questions (RQs) and hypotheses

RQ1: Who Influences Meat Proportions at Family Meals Most?

Considering adolescents’ increasing eating-related independence
from their parents and their greater inclination towards meat-free diets,
we propose Hypothesis 1 (H1): Children (a) will prefer lower proportions
of meat at family meals and (b) will have a stronger influence than their
parents on the joint meal decision with respect to meat.

Given girls’ higher frequency and stronger preference for meat-free
diets as well as higher perceived support for vegetarian diets, we pro-
pose H2 on gender: (a) Dyads with daughters will agree on smaller
proportions of meat than dyads with sons, and (b) daughters will more
strongly influence family meals toward a smaller proportion of meat
than sons.

RQ2: What Behaviors Influence the Joint Decision?

When children refrain from eating meat, family meals often settle on
the lowest common denominator. Therefore, we suggest H3 on diet
style: (a) Dyads with children with a stricter diet style regarding meat (i.
e., vegetarian or vegan) will agree on a smaller proportion of meat, and
(b) children with a stricter diet style will influence the proportion of
meat in the family meal more strongly than those with a less strict diet
style.

Those with greater sustainability concerns are more likely to advo-
cate for less meat at family meals, so we propose H4: Dyads who mention
sustainability-related motives will agree on a smaller proportion of meat
in their family meal than dyads who do not discuss sustainability.

Given differing meat preferences between children and parents and
potential friction from new behaviors, we hypothesize that conflict may
signal a shift toward meat-reduced diets (H5): Dyads who report con-
flicts about meat-related nutrition will agree on a smaller proportion of
meat in their family meal.

RQ3 (Exploratory): How Do Predecision Preferences for Meat and
Making a Joint Decision Influence Postdecision Preferences for Meat?
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Previous research has not explored how individual preferences
before a joint decision and the joint household decision itself can shape
(future) individual preferences. Given the limited research, we explore
this aspect rather than proposing hypotheses.

2. Materials and methods
2.1. Participants

Participants were 57 parent—child dyads (Table 1 for details). About
two-thirds of children identified as girls. Most parents were female, with
only four fathers participating. Parents had more years of education than
the average adult in Germany (i.e., 22.1% of 40- to 49-year-olds in
Germany have a bachelor’s degree or higher, 18.1% among 50- to 59-
year-olds; Destatis, 2021). Exclusion criteria for participation were:
child younger than 12 years, child does not live with their parents, the
family reports “never” having family meals, parent or child has condi-
tions or severely restrictive food preferences that would exclude three or
more of the six food categories examined (e.g., celiac disease; intoler-
ance for fructose or lactose, several allergies; very restrictive diet styles),
not giving informed consent to participate in the study, or more than
50% missing data. Children needed to be 12 or older to complete
questionnaires independently.

2.2. Procedure

The study was conducted via a video call. Parents first answered a
screening questionnaire to determine eligibility (see exclusion criteria
above). Parent—child dyads who fulfilled all inclusion criteria were
invited to a video call in which they participated via separate mobile
devices. They were advised to spatially separate such that all verbal and
nonverbal communication occurred via the video call. First, parent and
child separately stated their individual meal preferences in an online

Table 1
Sample characteristics.

Variable Child (n = 57) Parent (n = 57)

Age (M, SD, range, in years) 15.93 (2.91) 50.46 (5.22)
12-25 years 40-62 years

Gender (female) 67% 93%

Diet style

Omnivore 86% 100%

Vegetarian 12%

Vegan 2%

Education

None 0% 2%

Secondary 2% 26%

Higher level/university entrance diploma 12% 25%

University/College 4% 42%

Other 0% 5%

Currently in school” 82% 0%

Family meal frequency/week

(Nearly) every day 79% 79%

3-5 times/week 14% 14%

1-2 times/week 4% 7%

Less than 1 or 2 times/week 4% 0%

Number of six food categories restricted”

0 food categories 74% 93%

1 food category 23% 7%

2 food categories 4% 0%

Note. Percentages that do not add up to 100% within a category are due to
rounding. There was no upper limit to the age of the children, as long as they still
lived in the same household as their parents. Race was not assessed as this is a
question that is usually not asked in Germany, for historical reasons. It is
reasonable to assume that most participants would identify as Caucasian.

# Only children were asked this question.

Y Parents and children indicated for which of the following six food categories
(carbohydrates, plant-based proteins, meat, milk products, fruits and vegetables,
other) they have restrictions/do not eat because of allergies or preferences.
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questionnaire; both times they were explicitly instructed to imagine that
they alone were to decide what will be eaten at the next family meal.
Next, they were invited to discuss what they wanted to eat for their next
family meal and had a maximum of 10 min to reach a joint decision.
After the joint decision, they separately rated their satisfaction with the
joint decision and stated their individual preferences for the next family
meal (see Fig. 1). The video call was taped and continuously monitored
by an experimenter who was also on the call (with camera off and muted
during joint discussion). Dyads received a €30 voucher as compensation
for study participation. This study was approved by the local ethics
board (ID: EK 39/2022) (see Fig. 2).

2.3. Measures

2.3.1. Demographics
Parents and children both reported their age, gender, and level of
education (Table 1).

2.3.2. Conflicts about food or joint meals

On a 5-point Likert scale from “never” to “more than 4 times per week,”
parents and children separately indicated how often they have conflicts
concerning food or joint meals. They were also asked to describe the
topic of these conflicts (open-answer format). These open answers were
coded by two independent raters as to whether the conflict described
was about meat or a vegetarian diet (see coding manual C1 in the
Supplemental Materials). After the joint decision, parents and children
were also asked in an open-question format whether they had had any
conflicts during the discussion. These answers were also rated by two
independent raters as “general conflict occurred”, “meat-related conflict
occurred”, or “no conflict occurred” (see coding manual C1 in the Sup-
plemental Materials). Yet, given that only one parent and two children
reported a meat-related conflict during the discussion, we did not
include this measure in the analysis.

2.3.3. Proportions of food groups preferred in meals

Participants individually described the family meal they preferred
before and after the joint discussion as well as the joint meal. First, they
gave their dish a name (e.g., “lasagna™) and then further specified it
according to the desired proportion of six food categories (in 5% steps

.

adding up to 100%): “Carbohydrates (e.g., pasta, potatoes, etc.)”, “plant-

”

based proteins (e.g., lentils, peas, soy, etc.)”, “vegetables and fruits (e.g.,
salad, fried or steamed vegetables, fruit salad, fresh fruit, etc.)”, “dairy
products (e.g., cheese, yogurt, butter, etc.)”, “meat and fish (e.g.,
salmon, chicken, schnitzel, minced meat, sausages, etc.)”, and “other.”
This way, it was possible to distinguish between, for example, a vegan, a
vegetarian, and a meat-based lasagna. The first five categories were
based on the planetary health diet from the EAT-Lancet Commission on
Healthy Diets From Sustainable Food Systems (Willett et al., 2019).
Around 20% of parents and 30% of children also included “other” food
groups in their preferred meals—these food groups were extremely
heterogeneous (e.g., eggs, sweets, oil) and account for only a small
proportion of the total of food categories in the meal (3%—4% for parents
and 5%-8% for children). As the survey software does not automatically
add all categories up to 100%, it was possible to enter more than 100%
in total. Therefore, all percentages were normed to 100% before running
the analyses. Next, to further differentiate participants’ food preferences
and as a consistency check, participants were asked which of the
following animal products would be part of their family meal: meat, fish,
dairy, eggs, or honey.

2.3.4. Satisfaction with the decision

At the end of the joint decision task, parent and child separately rated
on a 5-point-Likert Scale (from “do not agree” to “agree”), whether they
were satisfied with their joint decision.
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Before joint decision

Demographics
Diet style
Negotiation Individual preferences
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Fig. 1. Study procedure.
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Note. Clipboard icon made by Kiranshastry; camera icon made by Slidicon; screen icon made by BizzBox; all from www.flaticon.com.
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Fig. 2. Results for Percentage of Meat in Joint Meal by Different Dyad Characteristics and Behaviors.
Note. Meat in family meal (%) on the y-axis refers to the proportion of meat agreed on during the joint discussion. For the graph on diet type: diet type refers to the
diet type of the child; for the graph on meat-related conflicts: neither = neither parent or child mentioned a meat-related conflict, both = parent and child mentioned

a meat-related conflict.

2.3.5. Diet style

Participants described their individual diet style using the pro-
portions of the same six food categories used to describe their preferred
meals (in 5% steps adding up to 100%; see above). Again, participants
also stated which of the five animal products (meat, fish, dairy, eggs, or
honey) are part of their diet. Participants were classified as omnivores if
they indicated eating meat, independent of whether they did not like

fish, dairy products, eggs, or honey. Participants who stated they did not
eat meat or fish were classified as “vegetarian; ” participants who did not
eat meat, fish, dairy, eggs, and honey were classified as “vegan.”

2.3.6. Sustainability-related arguments in joint meal discussion

Sustainability-related motives were operationalized as arguments
about reducing meat in the discussed family meal. To do so, the
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discussions were transcribed, and each statement was evaluated by two
independent raters regarding the occurrence of such arguments (yes/no)
and the direction (more meat/less meat). Examples of arguments about
reducing meat include “Can we make this dish with [plant-based]
chicken substitute [instead of chicken suggested by the other per-
son]?" and “Do we want to cook something vegan? You liked this last
time, too.” The interrater reliability is in the acceptable range at 0.61 for
occurrence and direction. All disagreements were discussed together
with a third person after coding until an agreement was reached (see
coding manual C2 in the Supplemental Materials).

2.4. Statistical analyses

Differences between groups before the discussion (e.g., in prefer-
ences for the proportion of meat for a family meal) were calculated using
t tests. RQ1 on who influences family meal decisions regarding meat was
examined using the absolute difference between individual and joint
preference for meat proportion. For RQ2, person characteristics and
behaviors that influence food decisions were examined using t tests. To
exploratively examine how postdecision preference is influenced (RQ3),
we used regression models. All calculations were run with R version
4.3.2 and RStudio version 2023.12.0.369, using the packages tidyverse
(v2.0.0; Wickham et al., 2019), readxl (v1.4.3; Wickham & Bryan,
2023), rstatix (v0.7.2; Kassambara, 2023), psych (v2.3.9; Revelle, 2023),
DT (v0.32; Xie et al., 2024), and gtsummary (Sjoberg et al., 2021). All
data relevant to the current analyses and all analysis scripts are available
in open-science repositories, except for the videos, which are not
available because of data protection issues. The transcripts of the videos
[in German] are available at OSF (https://osf.io/ntegm/?
view_only=5fc4b733fdab4e66b1f038c2986f3eb2).

3. Results
RQ1: Who Influences Meat Proportions at Family Meals Most?
3.1. Age group (children vs. parents)

Parents and children did not differ with respect to the proportion of
meat they preferred in the family meal before the joint discussion:
Children wanted on average 15.6% (SD = 15.7%) meat in their family
meal, parents 14.1% (SD = 12.7%), t(56) = 0.738, p = .768. Thus,
Hla—children prefer lower proportions of meat at family meals—is not
supported. To test H1b, children will have a stronger influence than their
parents on the joint meal decision with respect to meat, we calculated
their mean difference: We found that the difference between parents’
predecision preferences for the proportion of meat and the joint decision
was equal to their children’s difference between predecision preferences
and joint decision, #(56) = —0.262, p = .397 (mean difference =
—0.005). Therefore, H1b is not supported.

3.2. Gender

We compared gender differences in children but not their parents
because only four of the 57 parents identified as fathers and therefore,
were too small a group to analyze. Before the joint discussion, sup-
porting H2a, girls preferred less meat in the family meal than boys
(Mgirls = 12.0%, SD = 12.5%; Mpoys = 22.7%, SD = 19.3%), t(25.7) =
2.208, p = .036, but mothers of daughters and mothers of sons showed
comparable preferences for the proportion of meat (Mmothers_of daughters
= 11.9%, SD = 9.7%; Mmothers of sons = 14.3%, SD = 15.4%), t(26.3) =
0.621, p = .540). Although descriptively dyads with daughters agreed on
a smaller proportion of meat in their joint meal than those with sons (M
=12.0%, SD = 15.1% vs. M = 15.8%, SD = 14.3%), this difference is not
statistically significant, {(37.9) = 0.935, p = .178. We further tested H2b,
that daughters will have a stronger influence on including a smaller
proportion of meat in the family meal than sons, by first calculating the
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difference between mothers’ predecision preference and the joint deci-
sion regarding the proportion of meat. A larger distance value means
that the decision moves farther away from the mother’s individual
preference (negative values = more meat than mother’s preference,
positive values = less meat than mother’s preference). We then
compared this distance between daughters and sons using a t-test.
Daughters did not significantly influence the family meal toward
including a smaller proportion of meat more than sons, but note that,
descriptively, daughters reduced meat and sons increased it (Mgistance -
daughters = 2.1%, SD = 15.0%; M = —1.5%, SD = 14.2%), t(38.0) =
~0.876,p = .193.
RQ2: What Behaviors Influence the Joint Decision?

3.3. Dietary style

To test H3a, that dyads with children with a stricter diet style will
agree on a smaller proportion of meat in the joint meal, we compared
meat proportions after the joint discussion between dyads in which
children’s diet style was classified as “vegan” or “vegetarian” (because
only one child was classified as vegan, we collapsed vegan and vege-
tarian into one category, denoted “veg”) and dyads with children whose
diet style was classified as “omnivore.” H3a was supported (Myeg =
1.3%, SD = 4.0%; Momnivore = 15.2%, SD = 15.0%), t(48.1) = 5.625,p <
.001. H3b, that children with a stricter diet style will influence the
proportion of meat in the family meal more strongly than children with a
less strict diet, was analyzed parallel to H2. That is, we tested whether
the absolute difference between the parent’s predecision preference for
the proportion of meat and the proportion of meat in the family meal
was larger for dyads with children with a stricter diet style. H3b was
supported: Children had more influence on the joint meal decision than
their parents if their eating was classified as “vegan/vegetarian”
compared to “omnivore” (Momnivore = —0.006, SD = 0.15; Myg = 0.100,
SD = 0.10), t(12.3) = —2.523, p = .013.

3.4. Sustainability motives

Sustainability motives were operationalized as meat-related argu-
ments. Of all 57 dyads, 18 discussed arguments for reducing meat, with
36 sustainability-related arguments in total (range: 1-4 per dyad).
Children and parents each mentioned 18 arguments. Because of the
small number of dyads who had meat-related arguments, we split the
dyads into two groups: those who did not mention meat reduction at all
versus those who did. H4 stated that dyads who discuss sustainability
motives will agree on a smaller proportion of meat than dyads who do
not. We found that the proportion of meat in the joint meal was
descriptively smaller in dyads who mentioned reducing meat in their
discussion (M = 8.9%, SD = 14.4) than in those who did not, although
this result was only statistically significant onap < .1-level (M = 15.1%,
SD = 14.9%), t(34.4) = —1.499, p = .072.

3.5. Conflicts about food and meals

Of all dyads, 30% of parents and 29% of children reported conflicts
related to eating meat/vegetarian meals. Interestingly, the agreement
rate between parents and children on whether they had meat-related
conflicts at home was surprisingly low: Meat-related conflict was re-
ported in 18 of the 57 dyads: In nine of those dyads, both parent and
child reported meat-related conflict. Given these small participant
numbers, these findings should be interpreted with caution: Of the nine
dyads in which both dyad members reported meat-related conflicts at
home, only two decided to include meat in their joint meal (M = 3.3%,
SD = 7.1%); of the nine dyads in which either parent or child reported
meat-related conflicts, seven agreed on meat in the joint meal (M =
19.4%, SD = 14.5%) and decided on comparably high proportions of
meat, whereas in those 39 dyads in which no one mentioned meat-
related conflicts, 22 included meat in their joint meal (M = 14.1%,
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SD = 15.3%) and in lower proportions. To test H5—dyads reporting
conflicts will agree on smaller proportions of meat—we compared dyads
in which both members reported conflicts regarding meat or vegetarian
nutrition with dyads in which neither member reported such conflicts
and found that dyads reporting conflict agreed on a smaller proportion
of meat, t(27.79) = 3.169, p = .004, supporting our hypothesis.

RQ3: How Do Predecision Preferences for Meat and the Joint Deci-
sion Influence Postdecision Preferences for Meat?

To explore the relations between predecision preferences and joint
decisions regarding meat and preferences after the decision (i.e., future
preferenes), we ran regressions with parents’ postdecision meat pref-
erence as outcome, and parents’ and children’s predecision preference
and the joint decision as predictors (Model 1). Only parents’ predecision
preference and the decision predicted parents’ postdecision preferences.
To test whether children’s predecision preferences indirectly influenced
parents’ postdecision preferences via the joint decision, we omitted the
joint decision as a predictor (Model 2). Children’s predecision prefer-
ences still did not predict parents’ postdecision preferences, suggesting
no observable influence on parents’ postdecision preference. A similar
pattern was found for parents’ predecision preferences: they also did not
predict children’s postdecision preferences (Table 2). Despite main-
taining individual preferences, both parents and children were highly
satisfied with the joint decision (children: M = 4.84, SD = 0.59; parents:
M = 4.75, SD = 0.63).

4. Discussion

Using a psychological research approach, we tested whether and
when children influence their parents regarding the proportion of meat
planned for a joint family meal. In this study, about 14% of the children
but none of the parents never ate meat. Parents and children had com-
parable individual preferences and equally influenced the proportion of
meat in their joint meal. We examined gender, dietary style, arguments
regarding meat consumption in the decision process, and general meat-
related conflicts in family meals: Although boys preferred a higher
proportion of meat than girls, girls did not have a stronger influence on
reducing the proportion of meat in the family meal. Although mother-
-son dyads preferred an about 25% larger proportion of meat in joint
meals than mother-daughter dyads, this difference was not statistically
significant. Rather than individual characteristics such as age and
gender, it was specific behaviors that reduced the amount of meat in
family meal planning: Children with a stricter diet style regarding meat
(i.e., vegetarian or vegan) more strongly influenced joint meal decisions
toward smaller proportions of meat than omnivorous children. Dyads
who mentioned sustainability arguments (i.e., related to meat reduc-
tion) in their discussions showed a tendency to prefer smaller

Table 2
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proportions of meat in their joint meal, but this was not statistically
significant. About 30% of participants reported conflicts over meat or
vegetarian diets in family meals, and these dyads preferred smaller meat
proportions. Children’s and parents’ predecision preferences did not
influence each other after the joint decision.

Contrary to Hla, children did not, on average, prefer less meat at
family meals than their parents. In this study, 14% of children identified
as vegetarian, compared to none of the parents. However, some young
adults consumed more meat than their parents, balancing the group
averages. This aligns with surveys (Heinrich-Boll-Stiftung, 2021; Knobl
& Mata, 2024) showing higher vegetarianism rates among adolescents
and young adults, not necessarily different average meat consumption
from the parental generation. While children and parents differed at the
extremes of meat consumption (some children avoiding meat entirely,
others consuming more), children did not influence meat proportions at
family meals more strongly than parents. This suggests that “generation”
or “age” might be too broad to explain meat consumption proportions,
supporting research on parents’ central role in shaping family meals
(Knobl & Mata, 2024). These findings contrast with studies showing that
children’s environmental knowledge (Kong & Jia, 2023), concerns
(Singh et al., 2020), and literacy (Liu et al., 2022) change parents’
behavior. A key difference may be that prior studies focused on general
attitudes and behaviors, whereas this study involved a specific decision.
This is further reflected in the conflict findings: while most families re-
ported general meal-related conflicts, often over meat, almost no con-
flicts arose during the specific decision task. This suggests that such
conflicts occur across various situations over time but may not be visible
in every instance. Additionally, observer presence during the study may
have encouraged more desirable outcomes, such as avoiding conflict
(McCarney et al., 2007).

Consistent with surveys showing girls and women prefer less meat
than boys and men (e.g., Modlinska et al., 2020), we found daughters
preferred about half the meat for family meals compared to sons.
However, this difference was not reflected in joint family decisions,
where meat amounts were similar regardless of the child’s gender, nor
did daughters have a stronger influence on meat proportions, contrary to
H2. Further research is needed on gender differences in incorporating
vegetarian preferences into family meals. A review describing that
vegetarianism should be more acceptable in teenage women (Modlinksa
et al., 2020) would have suggested a greater influence of daughters’
vegetarian preferences on reducing meat in family meals. Other studies
suggest young women often face greater hostility, particularly from
male relatives, for their dietary choices. As our study primarily involved
mothers, this dynamic could not be fully examined.

Although demographic factors like age and gender were unrelated to
meat-reduced family meals, specific behaviors were: Supporting H3,

Regression analyses on whether predecision preferences for meat and the joint decision influence postdecision preferences for meat, separately for parents and children

(exploratory analyses).

Predictor Parents Children
Model 1 Model 2 Model 1 Model 2
Estimate  95% CI P Estimate  95% CI p Estimate 95% CI P Estimate ~ 95% CI p
(Intercept) .05 [0.00, 0.10] .039 .06 [0.01, 0.11] .014 —-0.00 [-0.05, 0.899 0.02 [-0.04, 0.576
0.04] 0.07]
Pre-pref meat P .38 [0.11, 0.66] .007 .50 [0.21, 0.78] .001 —0.17 [-0.44, 0.229 —0.01 [-0.31, 0.963
0.11] 0.29]
Pre-pref meat C —0.12 [-0.35, 0.282 —0.01 [-0.24, 0919 .62 [0.40, 0.85] <.001 .78 [0.54, 1.02] <.001
0.10] 0.22]
Decision meat .35 [0.11, 0.58] 005 — — — .49 [0.26, 0.73] <.001 -
proportion
Observations 57 57
R?%/adjusted R? 0.330/0.292 0.619/0.597

Note. Model 1 includes predecision preferences for meat of both parents and children, as well as the proportion of meat agreed upon in the joint decision; Model 2 only
includes predecision preferences of parents and children. Statistically significant predictors are in bold. 95% CI = 95% Confidence interval; Pre-pref = predecision
preference; P = parent; C = child.
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dyads with children following stricter diets (vegan or vegetarian) agreed
on smaller meat portions, and these children had a stronger influence on
joint decisions. This notable effect—despite the small number of chil-
dren with stricter diets—highlights their potential to shift family food-
ways toward healthier, more sustainable norms. Family systems theory
suggests that changes in one part of the system influence the whole
(Baptist & Hamon, 2022). This dynamic mirrors broader social change,
where small shifts, driven by front-runners like moral innovators
reducing meat consumption, can lead to tipping points that transform
systems (Judge et al., 2024). However, vegetarians often self-silence to
avoid stigma, slowing progress. Support from allies—like experimenters
in studies or parents in families—can empower advocacy for meat-free
diets (Bolderdijk & Cornelissen, 2022, for a lab experiment). On a
larger scale, moral innovators can network with grassroots movements,
fostering connections that evolve into societal shifts capable of reshap-
ing norms and behaviors over time (Nardini et al., 2021).

Further, we found that the more often sustainability arguments were
mentioned in the joint discussion, the lower the proportion of meat
agreed on in the joint meal (in line with H4), although this result did not
reach statistical significance. Interestingly, sustainability was less of a
discussion topic than expected given the importance adolescents and
their parents assign to sustainability in surveys: Only a third of the dyads
mentioned it at all. This finding might again be explained by the current
joint meal decision being one point in time in a history of family meals.
When describing the nature of their usual conflicts about food at family
meals, three in 10 participants stated they were related to eating meat.

In line with H5, we found that dyads in which both members re-
ported more general meat-related conflicts agreed on smaller pro-
portions of meat than dyads who did not report any conflicts. This
finding needs to be interpreted with caution, because it relies on just a
few cases: In only nine of the 57 dyads did both dyad members report
having meat-related conflicts. It remains unclear why in several dyads
only one dyad member reported a meat-related conflict. Such asym-
metry in conflict perception may increase dietary tension and openness
to change, as observed by Gregson and Piazza (2023) in cohabiting
couples.

Our single-point measurement likely overlooks the cyclical nature of
conflict. When one family member changes their diet, it can shift
household food routines, intensifying or easing conflict (O'Neill et al.,
2019). Conflict may rise if others resist but decrease if adjustments
promote collaboration, as seen in a recent interview study on
meat-reduced family foodways (Hesselberg et al., 2024). Over time,
initial tensions may give way to acceptance as families adapt (Judge
et al., 2024). Relationship quality also matters, as less harmonious
families may experience greater challenges during joint meals (Low
etal., 2019), particularly when reducing meat. These complex dynamics
over time may explain variations in conflict reports across dyads.

Our exploratory analyses suggest that one dyad member’s pre-
decision preferences do not influence the other member’s postdecision
preferences, aligning with our other findings. Predecision preferences
did not significantly alter the joint decision or the other member’s
preferences afterward. Since we studied naturally existing dyads, it is
likely this was not their first joint food decision. Preference changes in
family meals likely happen gradually over time, rather than in one short
laboratory situation.

4.1. Strengths, limitations, and generalizability

4.1.1. Strengths

This study examined a joint family meal decision using a dyadic,
process-oriented mixed-methods design. This design has a high ecolog-
ical validity because participants were natural dyads (parent and child)
discussing everyday food decisions—yet the setting was standardized
and controlled, owing to the video-call setting with an experimenter. We
used mixed methods: That is, we used quantitative methods to predict
joint decisions based on previously measured individual preferences,
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and qualitative methods to categorize arguments used in these discus-
sions. The participants were an ideal target for studying potential
bottom-up vertical cultural transmission, because numerous paren-
t-child dyads have different preferences concerning meat consumption
yet need to find solutions for their joint meals.

4.1.2. Limitations

The observed meal decision was a single snapshot of ongoing family
meal negotiations in a controlled setting. While we could only examine
one decision and its short-term effects (e.g., on postdecision prefer-
ences), it is notable that we did observe some consequences of ongoing
family meal decisions. Yet, longitudinal studies capturing multiple
family meal decisions in natural settings could reveal stronger effects,
particularly regarding sustainability arguments and conflicts. Such de-
signs would better capture the cyclical nature of these processes, where
individual changes can trigger system-wide shifts through feedback
loops, conflict, and exchange of arguments.

In this study, we classified children as vegetarian based on their diet
descriptions rather than self-identified labels like “vegetarian.” We
chose this approach because pilot testing showed unreliable self-
categorization, with some “vegetarians” reporting meat consumption
and confusion around terms like , flexitarian.“ While this approach im-
proves analytical reliability, it is important to note that children we
labeled as “vegetarian” may not endorse this social identity, which could
reduce the visibility of their choices and related social or family conflicts
(Nezlek & Forestell, 2020).

Especially the consequences of meat-related discussions in dyads
with different preferences would be interesting to observe over a longer
time frame. This was an exploratory study examining an innovative
question using a new design; therefore, effect sizes were difficult to
determine beforehand. Although the sample contained different age
groups and diet styles, it was less heterogeneous regarding education,
with 42% of parents having a college education, which is about twice as
high as in the general population in Germany (Destatis, 2021). It can be
assumed that most participants would identify as Caucasian. Impor-
tantly, the focus on within-dyad dynamics of the meat-related food de-
cisions might mitigate some of the limitations of the sample
composition.

4.1.3. Generalizability

The main effects—such as meat-free diets, sustainability arguments
in discussions, and meat-related conflicts—likely generalize to families
with adolescents or young adults in Germany and similar Western
countries. However, our sample consisted mostly of mothers, who were
often better educated than the general population, which may influence
generalizability since meat attitudes vary by gender, education, and
region (Modlinska et al., 2020; Mata et al., 2023). Most German teen-
agers regularly share family meals (Frank et al., 2019), and such habits
persist across socioeconomic levels (Dallacker et al., 2019), suggesting
broad applicability of the findings. Generalizability may also change
over time as meat preferences evolve; for example, pro-environmental
behaviors in adolescents may diminish with shifting societal priorities
such as Covid-19 (Krettenauer et al., 2024), or parents may increasingly
adopt norms supporting reduced meat consumption.

4.1.4. Implications

The findings show the potential of children as drivers of social
innovation toward healthier and more sustainable nutrition. This has
several implications for theories and research, of which we want to
highlight the following: The findings support the assumptions of a long-
term bottom-up vertical transmission of preferences and behaviors from
children to adults, extending current assumptions of cultural evolution
theory and suggesting that children (adolescents) might be a promising
target group for healthy nutrition interventions that benefit the entire
family system. The current study also underlines the potential of chil-
dren as active agents in a family system (see also Hesselberg et al.,
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2024), and more generally, the importance of (close) social others for
behavior change, which is often ignored in current theoretical frame-
works (Rhodes & Beauchamp, 2024).

That behaviors (i.e., diet style, sustainability discussions, and con-
flicts) rather than demographics are linked to smaller meat portions and
stronger influence on family decisions is promising for intervention
strategies. Families, a key social unit in Germany with 8.2 million
households and 14.3 million children (Destatis, 2023), often share
meals, with 80% eating family dinners (Frank et al., 2019). Integrating
these findings into a social change framework (Judge et al., 2024)
suggests strategies for early change: families can support children in
discussing their meat-reduced diets and connecting with like-minded
peers, reducing social costs and encouraging norm shifts. Practitioners
can educate parents about adolescent preferences, and policymakers
could promote meat-reduced diets by improving food label visibility and
supporting early adopters. A key practical insight from this research is
that mothers, often identifying as nutritional gatekeepers, were the
primary parental participants, reflecting broader trends of greater
maternal involvement in food provision (Rahill et al., 2020). Given fa-
thers’ generally higher preference for meat (e.g., Mata et al., 2023),
targeting them in future initiatives is crucial. For instance, a
low-threshold online intervention was found to increase fathers’ moti-
vation and self-efficacy to engage in cooking and trying new foods
(Moura et al., 2023).

In Germany, daily beef consumption is three times and pork more
than ten times the recommended levels of the planetary health diet
(Bundesanstalt fiir Landwirtschaft und Ernahrung, 2024). The average
adult consumes meat 6-7 days a week (Mata et al., 2023). Shifting to
meat-reduced diets could significantly benefit both human and envi-
ronmental health, as diets high in meat, particularly processed meat, are
more harmful than unsafe sex, alcohol, tobacco, and drugs combined
(Global Panel on Agriculture and Food Systems for Nutrition, 2016).
Such a shift could reduce greenhouse gas emissions by 54-87% and
prevent 20% of premature deaths (Springmann et al., 2018). Dietary
changes are one of the most effective ways to address the climate crisis
(Willett et al., 2019), making it crucial to better understand how to drive
this change.

4.2. Conclusion

This study explored the dynamics of healthier, more sustainable
family meals using a daily decision task. Children’s age and gender were
not linked to meat consumption in family meals. Instead, behaviors like
following a meat-free diet, discussing sustainability, or experiencing
meat-related conflicts were associated with lower meat proportions at
joint meals, partially supporting bottom-up transmission of preferences.
Considering social contexts—and children or parent-child dyads spe-
cifically—can enhance our understanding of family foodways and might
be one of the levers to promote healthier, more environmentally sus-
tainable diets across generations.
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Supplements

C1: Coding Manual: Topics of Conflict reported

General Conflicts:

e We code 4 different categories:

1.

4.

If the description of the topic of typical conflict related to nutrition or family
meals is related to meat or fish (i.e., conflict is about meat, vegan, or vegetarian
diet — a conflict about eating vegetables is not counted in this category), we
count it as “related to meat”=2.

If is is not related to either meat or fish as described above, we count it as
“Related to other topics”=1.

If participants report never having conflicts about meals or food, we count the
NA into the category “there are no conflicts” =0

If no description of the conflict is given, we count it as “no description” = NA.

e [fseveral topics of conflict are mentioned, and one of the topic concerns meat, the
conflict is coded as meat-related. If none of the topic is related to meat, the topic is
coded as “other”.

e Each conflict is counted for one category only.

Conflicts after Discussion

e We code 4 different categories:

1.

4.

If the description of the topic of typical conflict related to nutrition or family
meals is related to meat or fish (i.e., conflict is about meat, vegan, or vegetarian
diet — a conflict about eating vegetables is not counted in this category), we
count it as “related to meat”=2.

If is is not related to either meat or fish as described above, we count it as “not
meat-related”=1.

If participants state that they do not have conflicts about meals or food, we
count it into the category “there are no conflicts”=0; descriptions such as “we
easily found a compromise” or “we agreed easily on a joint dish” are also
counted in this category.

If no description of the conflict is given, we count it as “no description” = NA.

e [fseveral topics of conflict are mentioned, and one of the topic concerns meat, the
conflict is coded as meat-related. If none of the topic is related to meat, the topic is
coded as “other”.

e Each conflict is counted for one category only.
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Supplements

C2: Rules for Coding Sustainability Motives

1. The entire conversation including the discussion about the meal decision and the
entering the decision in the questionnaire is coded.

2. One speech contribution is considered a unit to be coded, which is finished when the
person speaking changes.

3. If an argument is found in one speech contribution, it is coded as 1 in the first step,
otherwise as 0.

4. In the second step, the direction of the argument is indicated (1=favoring less meat, 2=
favoring more meat).

5. The examples given are intended as a guide; statements do not necessarily

have the same wording.

Special cases:

1. If a person does not speak for themselves but for someone else (e.g. other people in the
family, see examples), the statement is also coded as “1”.

2. If at the end of the discussion participants talk neutrally about the percentage of meat in
the meal, the statement is coded as 0

3. Fish also counts as meat.

Meat-related arguments Does the discussion reveal an explicit
motive for wanting to eat less/more
meat?

Examples:

- ... Xy 1s vegetarian/vegan/without
meat/with less meat

- ... we can make xy
vegetarian/vegan/without meat/with less
meat

- ... vegetarian schnitzel, vegetarian
sausage (similar)

- ... we make tomato sauce instead of
Bolognese, dad eats vegetarian”

- ... we want to eat less meat

Rules added during discussion of the coding:
- We do not code neutral reactions (yes, okay).
- We code buzzword “vegetarian” mentions (if already mentioned before)
- Default of the dish is with meat/animal products - Is there a change that is
suggested? Then code 1.
- All contributions in which parts are incomprehensible are coded as NA
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General Discussion

The aim of this dissertation was to gain a deeper understanding of the family meal
process and its impact on family nutritional health. This involved examining both Zow
family meals could be structured for more beneficial outcomes and the roles that parents
and children play in fostering healthy eating decisions. In the following, I will briefly
summarize the main findings from the five individual studies, integrate them into previous
research, and highlight their theoretical and practical implications. Then, I discuss
strengths as well as limitations of this research program while evaluating implications for
future research and practice.

Summary of Findings

Manuscript 1 showed how extending the duration of family meals affects the fruit
and vegetable intake of children during the meal. To examine this, 50 parent-child dyads
were invited to the laboratory for dinner on two occasions. In one session, participants ate
for the duration they had previously reported as their typical family meal duration. In the
other session, the meal duration was extended by 50%. The results showed that children
consumed significantly more fruits and vegetables during the longer meal condition, but
not significantly more bread or cold cuts. However, despite a slower eating rate and
increased satiety, there was no significant reduction in dessert consumption.

In Manuscript 2, the study investigated whether families report the routines
identified by Dallacker et al. (2019; i.e., longer mealtime duration, a positive mealtime
atmosphere, higher food quality, parental role modeling, turning off the television during
meals, and involving children in meal preparation), how these routines are interrelated, and
whether their predictive effects on children’s nutritional health remain stable when
considered in one statistical model. To address these questions, 310 parents reported on

their family meals of the day over seven consecutive days. The results show that parents
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consistently reported the identified family mealtime routines. Specifically, a positive
atmosphere and the non-use of TV and smartphones were reported to be components of
most family meals. The seven routines exhibited only weak intercorrelations, indicating
that they likely represent distinct and mostly independent constructs. Finally, when all
routines were included in one statistical model, only the predictive effects of parental
behavioral modeling and positive atmosphere on children’s fruit and vegetable intake
remained significant.

In Manuscript 3, we examined the extent to which parents’ knowledge of food
product nutrients (i.e., sugar, salt, and fat) is associated with the long-term nutritional
health of their family. A total of 508 parents, who reported being mainly responsible for
food planning, were visited at home by an interviewer, completed a questionnaire, and
performed an estimation task for nine different products. Additionally, both parent and one
child were weighed and measured. The results show that parents significantly misestimated
the sugar, salt, and fat content of products. General numeracy and nutrient awareness were
found to predict the accuracy of their estimates, albeit differently across nutrients:
numeracy was a predictor for accurately estimating salt content, while nutrient awareness
was predictive for sugar and fat estimation accuracy. Unexpectedly, no significant
associations were found between underestimations of nutrient content and health
conditions or BMI. However, exploratory analyses revealed that greater misestimation was
associated with lower BMI.

In Manuscript 4, we broadly examined how generations differ in their dietary
preferences and their influence on family meals. To address this, we surveyed 500
adolescents and 500 adults from their parental generation about their food-choice motives,
their own and their family’s dietary styles, and how they advocate for healthy and

sustainable food decisions during family meals. Our findings reveal that adolescents are
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three times more likely to abstain from eating meat compared to their parent generation.
While they are not more likely than adults to advocate for eating less meat at family meals,
they are more likely to do so for reducing other animal products and introducing new
plant-based options. Furthermore, when sustainability motives are important to them and
reflected in their personal dietary habits, adolescents are more likely to advocate for more
sustainable family meals.

In Manuscript 5, we investigated how parents and children agree on the amount of
meat in the next shared family meal, focusing on which generation has stronger influence,
and which demographic and behavioral variables determine the amount of meat they
decide on. We invited 57 parent-child dyads to a videocall after answering a detailed
screening questionnaire. During the call, parents and children first reported their personal
preferences for the composition of the next family meal using a personal questionnaire.
Afterward, they were asked to negotiate the final meal. The results indicate that, on
average, parents and children have equal influence over how much meat is decided on for
the next family meal. However, when children themselves do not eat meat, and when both
dyad members report previous conflicts about meat consumption, the dyads agree on
significantly less meat..

Integration of Findings and Theoretical Implications

In the following section, I will discuss the key findings of the five manuscripts that
comprise this dissertation in relation to the broader body of research. This discussion will
highlight the theoretical and empirical contributions of the dissertation to the
understanding of the role of (1) routines and (2) individual family members in shaping

family nutritional health.
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Family Mealtime Routines

The routines identified in the meta-analysis by Dallacker et al.( 2019) play a
significant role in the daily lives of families and are likely to represent distinct constructs.
The importance of duration, which was found to be the routine most strongly correlated
with family health outcomes, is further substantiated by Manuscript 1. We demonstrated a
causal relationship between meal duration and children's fruit and vegetable consumption,
whereas previous research was only correlational. Interestingly, this dissertation provides
mixed findings for mealtime duration: In Manuscript 2, mealtime duration was no longer a
significant predictor; however, we observed that, on at least four out of seven days, meal
duration remained significantly correlated with children's fruit and vegetable intake. The
comparably high correlation between duration and atmosphere might suggest that the
effect of duration on fruit and vegetable intake may be mediated through the positive
mealtime atmosphere.

The significance of positive atmosphere and parental modeling as key predictors
for children’s fruit and vegetable intake in addition to duration is confirmed in our
findings. However, for modeling, it is the actual behavior of parents, rather than their
intention to model healthy behaviors, that holds predictive value. This is in line with
previous studies investigating parental modeling in an eating context (Harris & Ramsey,
2015).

The atmosphere during family meals and the duration spent together at the table are
not merely individual behaviors exhibited by parents or children but rather represent
collective family behaviors. This extends the Revised Family Ecological Model (Davison
et al., 2013) by incorporating an additional dimension and, importantly, demonstrates the
influence of these familial behaviors on the short-term nutritional health of both parents

and children.
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Thus, Manuscripts 1 and 2 of this dissertation emphasize that it is not only the
frequency of shared meals that matters, but also the way in which these meals are
structured plays a crucial role for children’s nutritional health.

Role of Parents

As discussed in the previous section, parents are role models for healthy eating
decisions — additionally, they serve as nutritional gatekeepers, which makes them
responsible for purchasing foods and meal planning. How does their nutritional knowledge
predict purchasing and providing healthy products and, therefore, family nutritional health
outcomes? The Revised Family Ecological Framework (Davison et al., 2013) and
empirical evidence suggest that nutritional knowledge influences health outcomes (e.g.,
Gase et al., 2014). Previous research has shown that misestimation (Konig et al., 2019),
and specifically underestimation (Dallacker et al., 2018a) of nutrient content is associated
with higher BMI in both parents and children. Interestingly, we did not replicate this
relationship in Manuscript 3. While we did find that parents tend to underestimate sugar
content, supporting the findings of Dallacker et al. (2018a), and also generated new
evidence on how parents estimate salt and fat content, we could not demonstrate a
significant correlation with underestimation and health outcomes—neither for children nor
for parents. In a recent study, Konig et al. (2024) found no longer a statistically relevant
relationship between sugar misestimation and BMI. Although we identified a relationship
between misestimation and BMI in Manuscript 3, this relationship was in the opposite
direction than expected, namely greater misestimation being related to a lower BMI,
contrasting with previous studies (Dallacker et al., 2018a; Konig et al., 2019). These
findings suggest that knowledge alone may not be sufficient to reliably predict long-term
nutritional health outcomes such as BMI and non-communicable diseases, which may

manifest only later in life. In addition to knowledge about healthy and unhealthy foods,
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aspects during meal planning, including costs, convenience and preferences of other family
members (Middleton et al., 2022), particularly those of children, should be considered.
Role of Children

As descriptively shown in Manuscript 4, adolescents report having the most influence
in the planning step of the family meal process, suggesting balancing and integrating
diverse interests as an important aspect of mealtime planning.

Previous research indicates that children tend to prefer less healthy food options
(Kiimpel Norgaard et al., 2007; McKeown & Nelson, 2018). Our findings suggest that
reducing meat intake might be an outcome where children can positively influence the
healthiness of family meals. In Manuscript 4, while adolescents did not report significantly
more advocating for reducing meat consumption during family meals than adults, they did
report higher advocating for trying new plant-based products, including meat substitutes—
a finding supported by existing literature (Pater et al., 2022). While not all ingredients of
high-processed meat substitutes might be health-favorable (Coffey et al., 2023), this
suggests a potential pathway for reducing meat consumption within families by replacing
meat, leading to a diet richer in whole plant foods (Gastaldello et al., 2022). It is
particularly noteworthy that adolescents actively advocate for dietary changes aligned with
their own behavior. This contradicts concepts like self-silencing (not mentioning own
preferences to avoid social costs; Bolderdijk and Cornelisson, 2022), known in the context
of vegetarianism/veganism for more public social contexts.

Evidence from Manuscript 5 further supports that parent-child dyads, who reported
prior conflicts over meat consumption and where children follow a vegetarian or vegan
diet, tend to agree on family meals with less meat content, leading to the conclusion that
adolescents could have a tangible influence on family meat consumption, highlighting one

important requirement: Advocating for eating less meat at the family table is not merely an
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outcome of belonging to a specific generation. It requires motivation and behavior that
actively align with these values. However, since adolescents are increasingly adopting
meat-free diets (Bundesministerium fiir Erndhrung und Landwirtschaft, 2019, 2021, 2023),
they appear to effectively translate their motivation into behavior, making them potential
drivers for healthy and sustainable family meals. From a theoretical perspective, these
findings challenge the traditional view that parents are the sole influencers of their
children's nutritional health and dietary habits (Cavalli-Sforza et al., 1982; Michaelson et
al., 2021). Instead, they underscore that children, as active agents, can shape the dietary
patterns of their parents and the entire family.
Practical Implications

The findings of this research program hold several practical implications:
First, the results underscore the critical role of family routines already identified in the
previous meta-analysis by Dallacker et al., (2019) for fostering nutritional health in
children, although not all routines demonstrated equivalent importance in the studies
included in this dissertation. For families, it is particularly valuable to understand which
routines consistently yield the most significant benefits for children’s nutritional health.
This insight this dissertation gives can guide the prioritization of effective interventions
and help distinguish between routines that are essential and those that may be less critical
in the already challenging day-to-day family life (Manuscripts 1 and 2). A focus on longer
family meals represents an important initial step. For example, extending the duration of
family meals by approximately 10 minutes has been shown to lead to the consumption of
one additional portion of fruits and vegetables by children, marking a meaningful
contribution toward meeting WHO dietary recommendations, which are currently missed
by most children (Robert Koch-Institut, 2018). Furthermore, the idea about how to offer

fruits and vegetables (e.g., cut in small pieces) discussed in Manuscript 1 can help parents
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when preparing fruits and vegetables for their children. Additionally, parents’ roles

as nutritional gatekeepers and behavioral role models are of central importance. The
influence of modeling healthy eating behaviors is well-documented in the literature
(Dallacker et al., 2019; Patrick & Nicklas, 2005; Sweetman et al., 2011; Vollmer & Baietto,
2017) and our findings further establish its significance as a robust predictor of children’s
nutritional health. This effect is particularly pronounced when considered in conjunction
with the quality of the mealtime atmosphere. Both factors emerge as critical determinants
of nutritional outcomes, even when accounting for the influence of other routines
(Manuscript 2). So, by improving their own diet, parents can also improve the diet of their
children.

The finding that nutritional knowledge alone is insufficient to sustain family health
offers a sense of reassurance for parents, alleviating some of the pressure that children’s
health relies solely on their understanding of nutrient content. However, the observed
difficulty parents face in accurately estimating nutrient levels in food (Manuscript 3) also
underscores the need for targeted policy interventions. A central question arises: how can it
be made easier for parents to evaluate the healthfulness of food products? Our findings
indicate that parents who frequently consult nutritional labels better estimate sugar and fat
content. Despite this, nutrition labels were reported to be used only rarely or occasionally.
Initial attempts to introduce traffic light labeling in Germany were unsuccessful (Deutscher
Bundestag, 2008), leading to the implementation of the Nutri-Score system in 2019
(Hercberg et al., 2022). While the Nutri-Score represents one step in the right direction, the
usage is still voluntary for food companies in Germany and needs ongoing adjustments to
improve the clarity and accessibility of nutritional information and support informed

decision-making at the point of purchase (Van Der Bend et al., 2022).
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Lastly, adolescents emerge as active influencers during family meals, a role that
should be emphasized in interventions (e.g., in schools) aimed at promoting more
sustainable and healthy eating habits. Nation-wide surveys show that adolescents in
Germany are increasingly adopting meat-free diets (Bundesministerium fiir Erndhrung und
Landwirtschaft, 2023), and our findings indicate that they bring those behaviors and
related motives to the family table (Manuscript 4 and 5). As shown, their niches partly
align with not traditionally healthy foods, such as promoting plant-based meat substitutes,
but their potential positive influence on family nutritional health should not be
underestimated (Gastaldello et al., 2022). It becomes particularly relevant in the context
of One Health, which emphasizes the interconnectedness of human, animal, and planetary
health (Food and Agriculture Organization of the UN, 2024). By considering the broader
implications of dietary behaviors for all those aspects of One Health, interventions can
harness the potential of younger generations as drivers of change toward healthier and
more sustainable food practices.

Strengths, Limitations, and Future Research
Strengths

This dissertation is characterized by three main strengths: First, it unites
methodological and transdisciplinary diversity with practical relevance. For each research
question, the most appropriate methodological approach was selected, ranging from diary
studies and laboratory experiments to large-scale surveys. Additionally, the research
integrates theories from consumer science (Gentina & Muratore, 2012), nutritional science
(Vidgen & Gallegos, 2014), and cultural transmission (Cavalli-Sforza et al., 1982),
providing a transdisciplinary approach to understanding family nutritional health.

The practical relevance of the findings stands out, offering actionable recommendations

that are easy to implement in family contexts. Many insights do not require complex,
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resource-intensive interventions from professionals but instead, empower families to make
meaningful changes autonomously.

Second, this dissertation emphasizes the family meal as a social environment and
highlights children as active agents. It extends the Revised Family Ecological Model
(Davison et al., 2013) by incorporating behaviors on a family level and the influence of
adolescents on healthy family eating decisions. This expansion addresses a critical gap
previously overlooked in health research models (Michaelson et al., 2021) and cultural
transmission theory (Cavalli-Sforza et al., 1982), leading to a better understanding how the
family mealtime process is related to family health. By investigating at which points
children might exert influence, this research identifies niches for their active participation
by examining specific behaviors, such as their role in shaping family meat intake.

Third, this dissertation embodies a strong commitment to open science principles
through practices like preregistration and open access. While preregistration was not a
sensible option for Manuscript 2 (data was already accessible at the start of the
dissertation) and Manuscript 5 (explorative nature of the study), the studies in Manuscripts
1,3 and 4 were preregistered. Data R scripts, and supplementary materials for all five
manuscripts are publicly available on the Open Science Framework (OSF). These practices
enhance the transparency and reproducibility of the research, thus amplifying its scientific
impact.

Limitations and Future Research

While this dissertation provides additional evidence supporting the importance of
various mealtime routines and extends the Revised Family Ecological Model by Davison
et al., (2013), it does so only for some of the identified factors and leaves open multiple
research questions to be addressed by future research: For instance, while mealtime

atmosphere emerges as an important mealtime routine together with mealtime duration and
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parental modeling, there is still insufficient understanding of the construct itself — what
exactly is mealtime atmosphere? While considered dimensions, such as communication
during meals (Fulkerson et al., 2006) or affect (White et al., 2015), have been captured in
questionnaires, a definition of mealtime atmosphere remains elusive. Additionally, our
findings on mealtime atmosphere rely solely on parental reports. It is yet unclear whether
children perceive mealtime atmosphere differently, initial evidence suggests they do (e.g.,
Fulkerson et al., 2006). Future research should aim to get a better understanding of
mealtime atmosphere as well as the other routines to establish a reliable foundation for
testing causality and to identify which aspects of, for instance, mealtime atmosphere are
most effectively addressed through interventions. Moreover, not all paths and constructs
represented in the theoretical model, got addressed in this dissertation. Several aspects
remain unexplored, including critical influence factors such as inequality and stress. These
represent key areas for future investigation, as the field still lacks substantial insights into
how inequality shapes eating decisions (Claassen et al., 2019; Schiiz, 2024). Expanding
future research to include more diverse samples would not only address these gaps but also
strengthen the field of family meal research more broadly.

Another limitation of the present research lies in the limited ability to capture, in an
ecologically valid manner, the negotiation processes between parents and children during
meal planning, the conflicts that arise in these interactions, and the family mealtime
routines used when eating together. Although we employed diary studies and observational
methods to approach this issue, they have proven insufficient in fully capturing the
complexity of these processes. For instance, in Manuscript 5, the reported conflicts
surrounding meat consumption before the study, which were then related to deciding on
less meat consumption for the next family meal, could not be observed during the study

negotiation. Further, ceiling effects concerning mealtime atmosphere or TV non-use when
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asking for it in the lab or a questionnaire. To address these limitations, future research
needs to adopt new methodologies capable of minimally invasively capturing the
interactions occurring at the family dinner table in real-world settings. Technologies such
as sensors, which could track the start and end times of meals, assess the emotional valence
of interactions, and, when combined with self-report measures, facilitate long-term field-
based assessments, could prove valuable in advancing this area of research (Harari &
Gosling, 2023).

Lastly, the consistency and comparability of the results across the studies included
in this dissertation are limited, particularly concerning the children’s age range and the use
of different outcomes as proxies for nutritional health. The variation in the children’s age
groups reflects the different research questions and methodological approaches adopted in
each study. For instance, in Manuscript 2, the age range spans from 3 to 17 years, as this
study was designed to capture parental responses, thus allowing for a broad inclusion of
children’s age groups. In Manuscripts 4 and 5, the age range was restricted to 12 years and
older, ensuring that adolescents were capable of completing the surveys independently.
This age selection was particularly relevant given the focus on generational influences, as
adolescence is typically a period when eating decisions become increasingly autonomous
(Ziegler et al., 2021). The differing outcome variables (vegetable/fruit consumption, BMI,
health conditions, meat intake) across the studies further complicate the direct comparison
of findings. Manuscripts 1 and 2 specifically examine fruit and vegetable consumption, a
frequently utilized metric for assessing short-term nutritional health outcomes (Caspi et al.,
2012). By employing diary studies and observing actual family dinners, these manuscripts
justify an analysis of daily-level outcomes. In contrast, Manuscript 3 adopts a cross-
sectional survey design, with parental knowledge as a stable variable and key predictor,

addressing more long-term health outcomes such as BMI and overall health conditions.
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Manuscripts 4 and 5, on the other hand, focus on meat intake, identifying it as a specific
niche through which adolescent influence on family meals might be health promotive.
Thus, the dissertation does not provide a fully integrated investigation of a singular
paradigm, outcome, or age group but instead fragmented insights into each distinct
research question and outcome. However, the inclusion of diverse age groups, paradigms,
and outcomes could be viewed as a strength, offering a comprehensive exploration of
various facets of family nutritional health. The shifting focus of research questions and
paradigms across the studies as well as variations in predictors and outcomes so result in a
wide-ranging overview, but not a unified, generalized conclusion.

General Conclusion

This dissertation enhances our understanding of the potential of family meals in
fostering family nutritional health. By employing a multi-methodological approach and
integrating transdisciplinary theories, I highlight the important role of mealtime routines
and the influence of family members on various nutritional health outcomes for parents,
children, and the family as a whole, particularly in the contexts of eating, purchasing,
preparation, and planning of family meals.

Key contributions of this work to the field of health psychology include
strengthening and extending the existing body of research on the importance of mealtime
routines and identifying key routines such as mealtime atmosphere, duration, and parental
modeling. These routines were shown to play crucial roles in shaping family eating
behaviors and predicting children’s nutritional health. Furthermore, this dissertation
underscores the significance of family meals as a social context, highlighting family-level
variables and the influence of children as active agents in meal planning. It emphasizes

how psychological variables, including motives and behaviors, can be more influential
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than demographic factors, such as generation affiliation, in shaping healthy eating
decisions.

The nutritional health of children is a crucial area for research and intervention,
particularly in the context of obesity prevention. This dissertation's practical insights and
findings offer an excellent foundation for actionable recommendations that can be directly
implemented in real-world settings: Family meals serve as an accessible environment for
children to learn about healthy eating, develop desirable eating habits, but also advocate
for own needs, making them an invaluable tool in fostering long-term nutritional health of

the whole family.
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