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ABSTRACT
By incorporating healthiness into the food recommendation / ranking process we have the potential to improve the eating habits of a
growing number of people who use the Internet as a source of food
inspiration. In this paper, using insights gained from various data
sources, we explore the feasibility of substituting meals that would
typically be recommended to users with similar, healthier dishes.
First, by analysing a recipe collection sourced from Allrecipes.com,
we quantify the potential for finding replacement recipes, which are
comparable but have different nutritional characteristics and are
nevertheless highly rated by users. Building on this, we present two
controlled user studies (n=107, n=111) investigating how people
perceive and select recipes. We show participants are unable to
reliably identify which recipe contains most fat due to their answers
being biased by lack of information, misleading cues and limited
nutritional knowledge on their part. By applying machine learning
techniques to predict the preferred recipes, good performance can
be achieved using low-level image features and recipe meta-data as
predictors. Despite not being able to consciously determine which
of two recipes contains most fat, on average, participants select
the recipe with the most fat as their preference. The importance of
image features reveals that recipe choices are often visually driven.
A final user study (n=138) investigates to what extent the predictive
models can be used to select recipe replacements such that users
can be “nudged” towards choosing healthier recipes. Our findings
have important implications for online food systems.
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INTRODUCTION

Search and recommendation systems play an increasingly important role in the way people choose what they eat: Internet recipe
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portals are a popular source of food inspiration [8, 20] and often
allow users to rate, and receive suggestions of, recipes. People
search for recipes in a variety of ways for many different purposes
[8, 42] and a relatively large proportion of web search queries are
related to food or lead to the visit of a food-related website [39].
As such, systems which provide access to online recipes or make
personalised recommendations have been touted as a means to
help people nourish themselves more healthily [14, 17]. Nevertheless, despite offering access to healthy content [34], analyses of the
systems being used in practice indicate that they tend to promote
unhealthy meals [35]. Metrics such as recipe ratings, recipe bookmark frequency and the sentiment scores of recipe comments all
tend to correlate positively with recipes that are high in fat, sugar
and calorie content [34]. In other words, the recipes consumed most
frequently and judged most favourably by users are typically the
least healthy. Moreover, when common recommender algorithms
are tested on recipe data, it is found that their recommendations
are, on average, unhealthier than those rated positively by users
themselves [34]. Thus, food access and recommendation systems,
by themselves - at least in their current form - are no magic bullet
for promoting healthy nutrition and may even serve to increase
the likelihood that users will make poor nutritional choices.
Deciding what food one should eat is a complex, multi-faceted
process, influenced by many biological, personal and socio-economic
factors [5]. Moreover, a large body of evidence demonstrates that
the food choices people make can be subtly manipulated with biases
and cues, such as the default choice (status quo bias [41]) and the
people present when the choice is made (social dependence [38]).
Recent work has shown user behaviour with search and recommendation systems to be similarly susceptible to manipulation via
psychological and system biases [40]. We bridge these domains by
investigating the process of choosing foods via search and recommendation systems. Combining insights gained from analyses of
recipes sourced from the large online food portal Allrecipes.com,
naturalistic behavioural data detailing how users interact with these
recipes, as well as the results of a series of controlled experiments,
we seek to understand the processes involved in choosing a recipe
online. Furthermore, we use what we learn to establish whether it
is possible to algorithmically select recipes to ‘nudge’ users towards
healthier choices.
Our experiments are conceived based on a scenario in which
the user has a particular type of dish in mind (e.g. a “stir fry”,
“cheesy pasta” or “onion soup”), and is searching for a suitable
recipe - a scenario naturalistic data show to be commonplace [8]
and for which systems have been designed to support [37]. The
driving motivation behind our work is to investigate the possibility

