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This study was motivated by a desire to help working-age individuals gain a 
better understanding of their daily nutritional intakes with a new self-reported 
dietary assessment method because an unhealthy eating behavior increases the 
risks of developing chronic diseases. In this study, we  present the design and 
evaluation of NutriColoring, a food diary that leverages doodling on sketches to 
report and reflect on everyday diet in the working context. Through a 2-week 
field study involving 18 participants, the usefulness of NutriColoring in facilitating 
dietary assessment was tested by making comparisons with the typical bullet 
diary method. Our quantitative results showed that NutriColoring provided users 
with improved dietary assessment experience and intrinsic motivations, with 
significantly low task frustration and high enjoyment. Because of the freedom 
and playfulness in reporting intakes at work, the interview findings showed a high 
acceptance of employing NutriColoring at work. This article is concluded with 
a set of implications for the design and development of a Doodling toolkit to 
support healthy eating behaviors among office workers.
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1 Introduction

The workplace context plays an essential role in influencing eating behaviors among office 
workers. A typical working-age adult spends up to two-thirds of their waking hours in the 
working context and consumes approximately a third of their daily food intake at work (Gorman 
et al., 2013). Given that unhealthy eating behaviors within the working context have been shown 
to be associated with increased risk of conditions such as diabetes, obesity, and heart diseases 
(Naessens et al., 2011), the promotion of healthy eating behaviors has been identified as a crucial 
determinant influencing individuals’ overall well-being and health (Hartline-Grafton et al., 2010; 
Lima et al., 2018). Moreover, after the COVID-19 pandemic, a shift toward remote working 
across diverse contexts (i.e., office and home office) has grown as a new working mode (Allen 
et  al., 2015). This shift has contributed to unhealthy eating patterns, including increased 
consumption of unhealthy foods, larger portion sizes during main meals, and more snacks 
between meals (Ammar et al., 2020). Consequently, the demand for assistance in performing 
healthy eating activities and reporting daily intake among office workers is on the rise.

Self-reported dietary assessment tools have been increasingly developed (Maes et al., 2012; 
Hipp et al., 2015) because it has the potential to facilitate automated intake data collection and 
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support analyses with data visualizations (Elsden et al., 2017). People 
engage in self-reporting as it helps them to develop specific self-
awareness of healthy nutritional practices (Lazar et al., 2015; Elsden 
et al., 2016). Applying automated self-reporting assessment tools in a 
daily context, however, addresses several issues: (1) absence of 
personally meaningful insights (Epstein et al., 2016), (2) unmanageable 
maintenance (Harrison et al., 2015), (3) limited flexibility in reporting 
items for individual needs (Kim et al., 2017), and (4) technological 
boundaries (Ayobi et al., 2017). These issues partially led to abandon 
of digital reporting tools over time and a switch to paper notes to 
avoid unintended effects (Lazar et  al., 2015; Epstein et  al., 2016). 
Paper-based dietary tools are capable of mindful self-reporting 
practices (Ayobi et al., 2018). The usage of these papery tools can 
improve flexibility to construct self-reporting processes, satisfy 
realistic nutritional needs, and help to achieve personal eating goals 
(Lazar et al., 2015).

Based on user preference for self-reported tools identified in our 
prior research (Pan et al., 2021), office workers have a predilection for 
employing tangible supplies to facilitate a creative and playful self-
reporting practice, rather than depending on mobile applications in 
their working contexts. In this regard, paper-based tools, such as 
Doodling, can afford physical practices such as writing, crafting, and 
sketching to engage users in reporting personal health status 
(Andrade, 2010). Doodling, as a beneficial and pleasurable tool for 
personal care to maintain overall health (Coward, 2023), could lower 
the threshold of self-reporting and increase the interest in reporting 
personal data (Fernandes et al., 2018; Meade et al., 2019). Recent 
studies have indicated that the Doodling tools might be advantageous 
in the daily working context as it is believed to keep focus on primary 
tasks without affecting attention or raising mind wandering during 
working hours (Andrade, 2010; Chan, 2012). However, the complex 
process underlying the decision to adopt or reject any given Doodling 
tools of dietary self-reporting practices in daily working contexts 
requires further exploration (Coward, 2023). Thus, we developed our 
first research question as follows:

RQ1: How can Doodling be  designed and leveraged as a self-
reported dietary assessment method for office workers?

Doodling is a creative method to draw and visualize ideas (Meade 
et  al., 2019). Various modalities for Doodling tools designed to 
enhance the engagement of self-reporting have been studied 
extensively. Evidence indicates that the Doodling with coloring 
approach should set out to investigate potential health-related 
activities (Ashlock et al., 2018; Burton and Baxter, 2019; Xi et al., 2022) 
because using colors to visualize nutrition information could be an 
effective technique for increasing positive understanding of daily food 
intake (Ursell, 2007). For instance, Deanna (Minich, 2019) pointed out 
that the concept of Eat a rainbow (i.e., group fruits and vegetables 
according to their natural colors; people should consume each hue of 
fruits and vegetables to acquire a range of various vitamins and 
nutrients that can prevent eating-related diseases) helps people readily 
relate to the health properties of healthy intake (i.e., fruits and 
vegetables) and develop a strong sense of self-awareness through 
colors (Heber, 2004). However, Doodling via coloring approach was 
mostly explored for self-reporting behavioral and physiological 
anxiety (Ashlock et al., 2018; Burton and Baxter, 2019; Xi et al., 2022). 
In-depth studies directly examining how office workers perceive 

Doodling with coloring approach and react to its use in daily working 
context are limited (Elsden et al., 2016). Hence, it would be interesting 
to investigate the effects of a color-based Doodling tool within a 
working context. To this end, we develop the second research question 
as follows:

RQ2: Whether and how the developed Coloring-based Doodling 
method can help office workers engage in self-reporting on 
daily eating practices?

In this study, we  present the design and evaluation of 
NutriColoring. NutriColoring is a Doodling toolkit with a coloring 
approach to promoting the self-reporting practice of daily intake in 
the working context. To examine the acceptance and intrinsic 
motivation of using the NutriColoring toolkit, we conducted a 2-week 
field study with 18 working-age individuals. The study was designed 
as a within-subject experiment, where we compared NutriColoring to 
a traditional food Journaling toolkit (named NutriWriting in this 
study). We collected and analyzed quantitative questionnaire data as 
well as qualitative interview data to gain a deep understanding of the 
user experience of the NutriColoring toolkit and then identify design 
opportunities for the subsequent development of the Doodling via 
coloring approach.

The remainder of this article is organized as follows. In the next 
section, we provide a review of related literature on Doodling and 
coloring approach. Then, in Section 3, we described the study method 
and material regarding the toolkits (i.e., NutriColoring and 
NutriWriting), study design, and data analysis. In Section 4, 
we reported both quantitative and qualitative results of our study, 
which led to a discussion on the findings and limitations, with 
implications for future study, in Section 5. Section 6 contains 
our conclusions.

2 Related study

In this section, we demonstrate two types of related studies. First, 
we give an overview of how self-reported tools are applied to promote 
healthy eating patterns. Second, we go into the Doodling approach 
with the use of colors for self-reporting practices, particularly for 
health and well-being.

2.1 Self-report for eating practice during 
office work

Self-report has been investigated in many fields, for instance, 
personal information management (Van Kleek et al., 2009), lifelogging 
(Sellen and Whittaker, 2010), personal informatics (Elsden et  al., 
2016), and applied design methods (Carter and Mankoff, 2005; Ayobi 
et al., 2018). It is an essentially human expressive practice that involves 
documenting and organizing daily experiences in an effort to 
beneficially stimulate health and well-being (Lepore and Smyth, 2002; 
Ayobi et al., 2018). Self-reporting for assessing food intake has been 
increasingly examined in the HCI research field (Cordeiro et  al., 
2015a,b). On the one hand, a convergence of a wide range of digital 
dietary assessment tools—such as Compl-eat™ (Meijboom et  al., 
2017), Traqq (Lucassen et al., 2021), and Dutch FFQ-TOOL™ (Molag, 
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2010)—has made it possible for people to obtain accurate data and 
receive pertinent feedback (Burke et al., 2005). On the other hand, 
dietary assessment tools have become a social approach (Lupton, 
2014), while helping individuals gain self-awareness of daily intake 
(Kersten-van Dijk et al., 2017). For instance, Nour et al. (2019) used 
reward mechanisms and social media impacts in a self-reporting app 
to encourage more vegetable intake among young adults. Chung et al. 
(2017) indicated that sharing food pictures on Instagram could 
motivate peers and seek support for adaptive healthy eating behaviors 
as well as eating goals.

Several studies have investigated the barriers for users to adopting 
digital self-reported tools and suggested that digital tools might induce 
negative feelings or unintended effects, resulting in refusal to use these 
technologies in daily contexts (Lazar et al., 2015; Epstein et al., 2016). 
In a survey of the National Health in America (Tracking for Health | 
Pew Research Center, n.d.), it was found that 34% of users use pencil 
and paper, while 21% use digital technologies for daily self-reporting. 
The usage of paper-based dietary assessment tools shows a slightly 
higher adoption rate. The reasons for this situation could be  the 
flexibility of reporting ways on paper, satisfying volatile eating needs, 
personalizing eating goals, etc. (Lazar et al., 2015). Also, failing to 
meet security and privacy requirements leads to choosing paper-based 
self-reported tools (Epstein et al., 2017).

Moreover, the acceptance of self-reported dietary assessment tools 
in the working context is an important emerging topic. According to 
Naska et al. (2017), self-reported dietary assessment can be roughly 
divided into two categories: prospective methods (i.e., food diary) and 
retrospective methods (e.g., dietary recall and food frequency 
questionnaires). The prior research (Pan et al., 2022) shows that the 
food diary ensured more flexible self-reporting for office workers to 
assess their daily intakes than retrospective assessment methods. A 
growing number of designs have considered facilitating self-report 
and daily nutrition tracking for the everyday context. For instance, 
MyFitnessPal (Byrne, 2015) supports healthy eating by relying on 
associating food ingredients with calories. Eat&Tell (Achananuparp 
et al., 2018) is designed to facilitate the collection of eating-related data 
through automated tracking and self-report. By scanning QR codes 
on food packages, other designs (Sysoeva et al., 2017; Hartwell et al., 
2019) focused on encouraging healthy food choices and providing 
food-related feedback to users. Although these self-reported tools 
have focused on tracking food consumption and improving eating 
behaviors, less attention has been paid to promoting healthy eating 
patterns and routines in the working context. Also, despite the benefits 
of using a food diary for self-reporting, office workers are still lagging 
in terms of the utilization rate, and the need for a paper-based food 
diary has not translated into a long-term willingness to use it in daily 
working routines. There is much scope for considering self-reported 
tools in the context of the worksite.

2.2 Doodling as a self-reporting approach

According to the Oxford English Dictionary, Doodling is “a 
random scribbling performed by a person while the mind is more or 
less otherwise applied.” Furthermore, earlier studies intended to 
explore the advantages of doodling as a viable means of collecting 
notes and memory retention (Andrade, 2010). Doodling is also a 
common means and creative form, which has been shown to positively 

contribute to self-care and self-expression (Stuckey and Tisdell, 2010). 
Evidence supports that offering engaging ways for people to participate 
in the reporting process is one approach to promoting self-care 
(Coward, 2023). Self-care is the ability to actively take care of one’s 
mental, physical, and emotional health. For instance, Liu et al. (2020) 
explore new utilizations based on the idea of user doodles for 
communication and reporting of dietary. Their findings suggested that 
Doodling might be an enjoyable and effective form of self-care for 
people to engage in the nutrition and health domain. Prior research 
also stated that Doodling enables to lead to an improvement in a 
person’s behavior with ongoing reflection (Barnett and Cooper, 2009; 
Wallace, 2020), which may optimize self-awareness of personal health 
and overall sense of well-being.

In recent decades, Doodling has been increasingly popularized as 
a tool for self-expression through coloring books (Coward, 2023). 
According to prior research, doodling in art-making form (e.g., 
drawing and painting) could be a helpful reporting practice for long-
term positive effects on health (Stuckey and Nobel, 2010). It gives not 
only the artist but also the normal population the ability to tell their 
individual stories visually and internally (Coward, 2023). Compared 
to telling stories with a text-based reporting approach (e.g., 
Journaling), Doodling in art form provides a significant improvement 
in using engagement (Kim and Sherman, 2007) and also plays as a 
positive psychological way for people to experience enjoyment during 
the reporting process (John, 2012). For instance, many recent studies 
(Clark and Dünser, 2012; Muthard and Gilbertson, 2016; Turturro and 
Drake, 2022) have shown that Doodling on a coloring book for adults 
was a beneficial medium for self-reporting states, especially for 
regulating negative feelings. Two types of coloring approaches were 
generally used for self-reporting, namely, well-designed coloring 
notebook (e.g., Mandala, a circle made up of various lined forms and 
patterns on a notebook) and free coloring activity (i.e., people are not 
given instructions on what to paint on the paper) (Mantzios and 
Giannou, 2018). Traditionally, it has been argued that there is no 
difference between these two approaches, but some studies (Curry and 
Kasser, 2005; Taylor, 2016) examined that a well-designed coloring 
Doodling was a more useful self-reporting form.

On the other hand, color plays a vital role in the food industry in 
triggering purchasing behaviors and creating important expectations 
regarding the flavor and visual appeal of food (Spence, 2016; Stich, 
2016). Previous studies suggested that self-reporting via the coloring 
approach should not only focus on reducing negative affect (e.g., 
behavioral and physiological anxiety) but also should set out to 
investigate potential health-related perspectives (e.g., sedentary 
lifestyle and healthy eating) through personalization and 
customization (Ashlock et al., 2018; Burton and Baxter, 2019; Xi et al., 
2022). According to Piqueras-Fiszman and Spence (2014), altering the 
color aspects related to food (e.g., the color of plateware/container and 
packaging; color of the context where foods are eaten) can modify 
people’s perception and motivation to choose healthy foods. Among 
interventions aimed at promoting healthier food choices, the Traffic 
Light Diet (red for unhealthy, yellow for less healthy, and green for 
healthy) was widely used in the mHealth domain. For instance, 
Turner-McGrievy et al. (2016) integrated a Traffic light diet to help 
participants reduce the burden of dietary self-monitoring and provide 
easy-to-understand feedback. Johnson et al. (2014) evaluated that a 
food recommendation system based on the Traffic light diet could give 
consumers tips for healthier food choices when dining out. 
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Aschemann-Witzel et  al. (2013) found that color-coding labels 
replacing literal labels could increase the consumption of nutritional 
products. Montagni et al. (2020) displayed green labels on healthy 
food items according to the Traffic light diet developed by Leonard 
et al. and NUTRI-SCORE (Julia et al., 2018) to increase healthy food 
intake in worksites. Regarding the dietary self-reporting approach 
with colors, the MyPlate (MyPlate | U.S. Department of Agriculture, 
n.d.) app was developed food categories into five, namely, fruits (in 
red), vegetables (in green), grains (in orange), protein (in purple), and 
dairy (in blue). This application enables users to report daily intake 
according to corresponding colors and then provides an overview of 
food consumption within colors and reminds the distance between 
users’ actual intake and balanced intake reference.

In summary, the evidence shows an excellent opportunity to deploy 
dietary self-reported tools in the context of the workplace. Compared to 
digital reporting tools, office workers prefer paper reporting tools to 
avoid unintended effects at work. However, it appears to be challenging 
as little research has been done to investigate the adaptivity of paper-
based dietary reporting tools for promoting healthy eating in the working 
context. Moreover, paper-based tools, such as Doodling, could 
be  advantageous for dietary self-reporting at work. Integrating the 
coloring approach into Doodling is also suggested to improve the 
engagement of the entire self-reporting process. The use of experience of 
Doodling in the working context is still left largely unexplored. Thus, 
understanding using acceptance of paper-based tools like Doodling 
among office workers is necessary for further development of dietary 
self-reported tools, especially in the working context.

3 Design of the NutriColoring toolkit

3.1 Key features of the design

Grounded on the users’ demands of self-reported methods 
identified in our prior research (Pan et al., 2021), we discovered that 
office workers prefer to utilize tangible supplies for a creative and 
playful self-reporting practice, rather than depending on mobile 
applications in their working contexts. Other research studies revealed 
that employing self-reported Doodling (Clark and Dünser, 2012; Xi 
et  al., 2022) and integrating colors to symbolize different food 
categories (MyPlate | U.S. Department of Agriculture, n.d.; 
Aschemann-Witzel et al., 2013; Turner-McGrievy et al., 2016) are two 
acceptable and enjoyable approaches for health-related stimulation. 
As a result, we designed NutriColoring, a paper-based self-reported 
toolkit that integrates the Doodling and coloring approach. The design 
explores how Doodling and colors could be incorporated and connect 
working-age users with reports of daily intake by using tangible 
supplies (i.e., a calendar on the working desk in this study). The aim 
of the NutriColoring toolkit is to motivate office workers to report and 
reflect on personal intake patterns in daily working contexts. The 
NutriColoring toolkit is used as a research probe in this study with 
two main features.

 • Doodling based on the Food Pyramid. The traditional triangle-
shaped Food Pyramid, initially with six food groups in the 1990s 
(Nestle, 1993) and revised in 2005 (U.S. Department of Health 
and Human Services, 2005), was later developed into MyPlate in 
2011 (MyPlate | U.S. Department of Agriculture, n.d.), featuring 

only five food groups and excluding the unhealthy food group—
fats, oils, and sweets—from the pyramid. However, there is 
evidence indicating that the remote working mode, which 
includes a shift between office and home office, has led to an 
increase in the consumption of convenience foods, junk foods, 
more frequent snacking in-between meals, and an uptake of 
ready-to-eat foods that are high in fat, sugars, and salt (Ammar 
et al., 2020; Di Renzo et al., 2020; Sidor and Rzymski, 2020). 
Therefore, for the design of the NutriColoring toolkit in the 
working context, we  included the Food Pyramid 
(U.S. Department of Health and Human Services, 2005) as a 
reference. Specifically, four major shelves are included in the 
Food Pyramid to organize foods (as shown in Figure 1). The top 
shelf is the least important, while the bottom shelf is the most 
important. Additionally, from top to bottom shelves, the 
following six food groups are listed: fats, spreads, and oil; dairy; 
meat and alternatives; vegetables and salad; fruit; and bread and 
cereal food. Inspired by prior research (Burton and Baxter, 2019) 
that utilized colors for grouping different food categories and 
easy understanding of nutrition-related information, 
we  designated six comparable colors to each of the six food 
categories in the NutriColoring toolkit: orange for grains, green 
for vegetables, yellow for fruits, blue for milk and dairy, pink for 
meat, and red (signifies a health risk) for fats, oils, and sweets. 
The coloring settings of the Food Pyramid were applied with a 
group of line-drawing illustrated cards and were then used for 
Doodling for reporting intake at work.

 • Doodling based on well-designed illustrations. Inspired by current 
well-designed coloring tools (Mantzios and Giannou, 2018; 
Coward, 2023), one member of the research team (the first author) 
created a set of line-drawing cards that were used as coloring aids 
to make higher engagement during report intake in this study. As 
shown in Figure 2, we designed illustration cards in three categories 
for Dutch office workers. Three categories were in terms of Dutch 
Simple Meals (e.g., sandwiches, salads, and fruits), International 
Cuisine (e.g., Japanese, Chinese, and Italian food), and Fast Food 
(e.g., pizza, fried chicken, and French fries). These graphic line-
drawing cards, which functioned like a coloring book, were used to 
report users’ intake by assigning colors to the specific cards based 
on the type and quantity of food consumed at work.

3.2 Design and development of the toolkits

The design of the NutriColoring toolkit was inspired by the design 
guidelines of the probe toolkit (Sanders and Stappers, 2014). With the 
combined aims of self-reported Doodling and awareness of healthy 
intake at work, we identified and developed a typical using scenario 
for reporting activity with NutriColoring: Coloring your daily intake 
as doodling. This designed toolkit was then put into daily practice as a 
tangible probe and aimed to promote engaging self-reported Doodling 
with awareness of individual intake through displaying coloring 
results. Based on two key features of the design mentioned above, 
we developed the NutriColoring toolkit with the following content:

 • Self-reported Doodling with colors. A tangible Doodling calendar 
that presents the Food Pyramid with color settings and contains 
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seven pages for reporting intake at work (as shown in Figure 3A). 
A 1-week timeslot for doodling was chosen, as it aligns with office 
workers’ working schedules and preferences to practice weekly 
reporting. Besides, after asking and testing the size of each page 
with participants, 20 cm x 15 cm was used as the size of the toolkit 
as it fits on a working desk without taking up too much space.

 • 30 line-drawing cards with various meal types. Thirty line-drawing 
cards have been designed and developed for this study (see 
Figure 3B). Each day, users could pick one of 30 cards that most 
accurately reflects their food consumption and then draw it using 
six colors categorized by the Food Pyramid. The sequence of the 
colored cards on the Doodling frame may be arranged differently 
for each user as various users have unique eating patterns.

Eventually, the NutriColoring toolkit (Figure 4) has been designed 
as a box with a 1-week Doodling frame, 30 line-drawing cards, six 

colored pens (orange, green, yellow, red, blue, and pink), and an 
introduction to how to use the toolkit. Upon receiving the toolkit, 
users have the flexibility to determine when, how many times per day, 
and where to use it based on their work routines, schedules, and 
personal preferences. During the usage of NutriColoring, the user 
should first write down a brief food diary (i.e., eating time, intake 
amount of meals, and/or snacks) on the doodling frame each day; 
select one line-drawing card that conforms to their daily intake 
properly; color the card with pens based on the eating amount of each 
of the food categories; stick the card onto the doodling frame; and 
display the frame on the working desk during the entire study week.

To investigate the benefits and to determine the advantages of the 
NutriColoring toolkit in the working context, we compared it to a 
writing approach by removing the color settings of the NutriColoring 
toolkit. The NutriColoring meant the participants were to draw the 
doodles on a paper-based probe to illustrate the food intake, while the 

FIGURE 1

Food Pyramid and color settings.

FIGURE 2

Three categories of pre-made line-drawing cards.

https://doi.org/10.3389/fpsyg.2023.1265218
https://www.frontiersin.org/journals/psychology
https://www.frontiersin.org


Pan et al. 10.3389/fpsyg.2023.1265218

Frontiers in Psychology 06 frontiersin.org

prompt “writing” meant they were to write out the text-based food 
intake every eating time. This uncolored toolkit in the form of 
traditional food journaling way was named NutriWriting in this study. 
As seen in Figure 5, NutriWriting was created with a page introducing 
the Food Pyramid and seven pages for reporting one-worth weeks of 
intake while working. The NutriWriting toolkit has 1-week Journaling 
with a pen and an introduction inside the box. While using 
NutriWriting, the user needs to write down the specific eating time 
and their intake according to the Food Pyramid and then display the 
Journaling frame on their working desks.

4 The study and method

In response to the research questions, the objectives of the user 
study were to investigate (1) the effectiveness of NutriColoring in 
facilitating self-reporting of daily intake in the working context; (2) 
the role of NutriColoring in stimulating awareness and self-reflection 

on daily intake. We used a within-subject design, with participants 
reporting daily intake at work with two toolkits (NutriColoring vs. 
NutriWriting) mentioned above. We  compared two approaches 
relating to the user experience from both quantitative and qualitative 
aspects. Our primary hypothesis is as follows:

H01: The Doodling via coloring approach (NutriColoring) will 
be more effective in reporting daily intake at work than text-based 
food Journaling (NutriWriting).

The participant characteristics, the study procedure, and data 
collection and analysis are all included in the following section.

4.1 Participant

We recruited participants by spreading information via word of 
mouth, using a snowball sampling approach. Firstly, we asked people 

FIGURE 3

Self-reported Doodling Toolkit. (A) Doodling with NutriColoring toolkit; (B) 30 illustrated line-drawings cards for coloring the toolkit.
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we  know who suit our recruitment criteria for the target groups. 
We then asked them to pass the information via Facebook, Twitter, or 
other social media like WhatsApp to their social contacts. During the 
recruitment, we  screened participating candidates based on the 
following criteria: (1) knowledge workers who are engaged in a job 
that requires desk/computer work for min. 24 h/week in the office or 
work from home (due to COVID-19); (2) do not follow any dietary 
treatments; (3) are interested in coloring approach but do not have a 
background in the creative disciplines; and (4) are not color-blind 

people. They were fully informed of the study procedure before the 
study weeks and were given the opportunity to withdraw at any time. 
In total, 20 participants were recruited, and two of them were excluded 
as they did not have any experience with the coloring approach and 
did not work in a fixed place. Finally, 18 participants (gender: 8 males 
and 10 females, age: M = 29.7, SD = 4.91, Min = 25, Max = 46) 
completed the entire study. Almost all participants gained a certain 
educational level (three with bachelor’s degrees, 11 with master’s 
degrees, and four with PhDs) and have worked at least half a year 

FIGURE 4

Contents of NutriColoring probe toolkits. (A) Items in the NutriColoring Toolkit; (B) How to doodle on the NutriColoring Frame.

FIGURE 5

Contents of NutriWriting probe toolkits. (A) Items in the NutriWriting Toolkit; (B) How to report on the NutriWriting Frame.
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(M = 4.64 years, SD = 5.59). Due to the COVID-19 pandemic, they 
chose hybrid working contexts (work from home and work in an 
office). Their characteristics are summarized in Table 1. We labeled the 
18 participating dyads as P01, P02 … P18 in this study.

4.2 Study procedure

The cultural probe study was approved by the Ethical Review 
Board of the Eindhoven University of Technology (reference: 
ERB2021ID97). We  conducted this study between February and 
March 2022  in the Netherlands. As shown in Figure  6, the study 
initially had an introduction session to explain the study procedure 
without discussing the research hypothesis. Each participant was 
asked to sign a consent form and to complete a pre-questionnaire 
regarding their demographic information, eating goals, and working 
status. Then, they were randomly given one of NutriColoring and 
NutriWriting for the first study week, and another toolkit for the 
second study week, with a washout week between the 2 study weeks. 
The exposure to the two probing packages was fully counterbalanced. 
Participants were encouraged to maintain their usual eating practices, 
whether it involved eating in the office canteen or bringing their own 
self-made food. They were given the flexibility to choose when, how 
often, and where they used the toolkit, aligning with their individual 
work routines. As part of the research process, participants were 
required to describe how many minutes they spent using each toolkit 
and complete the NASA-TLX index (Hart, 2006) daily for the 
workloads. At the end of each study week, we asked participants to 
take an Intrinsic Motivation Inventory (IMI) (McAuley et al., 1989) to 
measure the using experiences of two reporting approaches 
(NutriColoring vs. NutriWriting). Afterward, we  conducted an 
in-depth interview session with each participant individually.

4.3 Measurements

As shown in Table 2, we collected both quantitative and qualitative 
data for two reporting approaches. First, the evaluation of the user 
experience mainly focuses on mental workload and intrinsic 
motivation (Deci and Ryan, 2013). In this study, we used NASA-TLX 
(Hart, 2006), a tool designed for assessing subjective mental workload, 
to measure the mental workload experienced by participants while 
using the NutriColoring and NutriWriting toolkits. We maintained 
two subscales of NASA-TLX related to our study purpose: mental 
demand and frustration. NASA-TLX aimed to indicate how 
burdensome the participants felt the reporting approaches during 
their working hours, which might negatively influence the engagement 
in reporting intake. All subscales were rated from 1 to 21; low ratings 
represent a lower workload. Moreover, the participant’s intrinsic 
motivation to carry out the intake reporting was measured by IMI 
(McAuley et al., 1989). IMI contains 45 items across seven subscales, 
which asses self-desire for a specific activity. We selected five subscales 
due to their high relevance to our study purpose, including interest/
enjoyment, perceived competence, pressure/tension, effort/
importance, and value/usefulness. Each subscale should be scored 
from 1 (not at all true) to 7 (very true).

After each study week, a semi-structured interview was conducted 
for approximately 30 min per participant to collect qualitative data 
regarding user experience and opinions on NutriColoring and 
NutriWriting. The interviews followed a pre-set protocol guided by a 
qualitative interview technique (Blackstone, 2018) and included open-
ended questions about intake reporting and the influence of self-
awareness. The questions were set based on TAM-Usefulness (Holden 
and Karsh, 2010) and Usability Risk Level Evaluation (Jin and Ji, 
2010). We keep the questions that suit our research purposes and 
aims. “What do you like and dislike about reporting your intake with 

TABLE 1 Characteristics of 18 participants and their eating goals.

Gender Age Education level Working years Working hours/day Eating goal at work

P1 Female 29 Master 2.5 6–8 Healthy eating of non-processed food

P2 Male 32 Master 4.5 6 Gain more protein

P3 Male 29 Master 3 6–8 Gain more weight and protein

P4 Female 26 Master 1 6–8 Diet following 8–16 eating method

P5 Female 26 Master 1.5 6–8 Eat more vegetables and fruits

P6 Female 26 Master 1.5 6–8 Eat healthier and control weight

P7 Male 31 PhD 4.5 8 No heavy lunch

P8 Female 27 Master 0.5 6–8 A balance of different nutrition

P9 Male 25 Master 1 14 Have enough energy to do all my tasks

P10 Male 27 Master 1 8 Eat less processed but nutritional food

P11 Female 46 Bachelor 20 8 Nothing special

P12 Female 29 Bachelor 5 9 Eat nice meals as I like

P13 Male 30 Master 7 8 Keep meat consumption low

P14 Female 31 Master 2 8 Varied-nutrient diet

P15 Female 29 PhD 3 6–8 Eating healthy with more food choices

P16 Male 32 Master 7 8 Nothing special

P17 Male 35 Bachelor 1 8 Low carb diet

P18 Female 25 Master 0.5 8 Eat less fat and sweet
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the toolkit last study week?,” “Does the toolkit help you to be aware of 
your intake quality?,” and “What factors influenced your user 
experience with the toolkit last week?” To elaborate on participants’ 
experience with NutriColoring and NutriWriting at work, we then 
asked them questions such as “How would you  rate your eating 
practice in the past week?” and “Could you please share the stories 
about your experience related to the reporting approach in the past 
week?” We  also asked participants to explain more interesting 
statements that emerged during the interview. All interview sessions 
were audio-taped and transcribed later for qualitative analysis.

4.4 Data analysis

4.4.1 Quantitative analysis
The NASA-TLX IMI questionnaire data were analyzed via SPSS 

software (SPSS, IBM Version 26; SPSS, Inc., Chicago, IL). First, the 
quantitative data were processed with descriptive statistics, in which 
the distribution of the NASA-TLX and IMI data was checked through 
Shapiro–Wilk tests. For data with normality, we conducted paired-
samples t-tests with the two self-reporting toolkits (NutriColoring vs. 
NutriWriting) as a factor. For the data that were not normally 
distributed, we conducted a Wilcoxon signed-rank test to measure the 
difference between the two approaches. The effects of the two toolkits 

and the day of the study week (from Monday to Sunday) on the 
workload were also evaluated using a two-way ANOVA. The main 
objectives of our quantitative analyses were to (1) test the task load of 
both NutriColoring reporting week and NutriWriting reporting week; 
and (2) test the intrinsic motivation of the two approaches in the 
working context.

4.4.2 Qualitative analysis
The results of the interviews were collected and analyzed via 

MAXQDA software. The thematic analysis (Braun and Clarke, 2006) 
following inductive coding (Thomas, 2006) was used for data analysis 
with the following steps: First, the segmentation of the transcripts was 
transformed into quote statements and labeled. Then, the labeled 
statements were measured using inductive coding to identify recurring 
clusters with emergent themes (Thomas, 2006). Additionally, the 
analysis of statements was counted to indicate the relevance to our 
quantitative data. Next, all identified themes and clusters were 
reviewed, discussed, and revised through several iterations with most 
members of the research team (the first, second, and third authors) to 
validate the qualitative analysis. The purpose of qualitative analysis is 
to understand the user experience of the self-reported approach with 
coloring way compared to the writing approach and then develop 
further design opportunities for dietary reporting tools with the 
Doodling probe (the NutriColoring toolkit).

FIGURE 6

Visualization of the study procedure.

TABLE 2 Data collected from the study.

Measures Week 1 Week 2

Day 
1

Day 
2

Day 
3

Day 
4

Day 
5

Day 
6

Day 
7

Day 
1

Day 
2

Day 
3

Day 
4

Day 
5

Day 
6

Day 
7

NASA-TLX ● ● ● ● ● ● ● ● ● ● ● ● ● ●

IMI ● ●

Follow-up 

interview

● ●
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5 Results

5.1 Quantitative findings

5.1.1 Workload
The workload was measured via NASA-TXL with two subscales: 

mental demand and frustration. We also asked about using time with 
each toolkit during the study weeks. Regarding the Mental demand 
(see in Figure  7A), reporting with the NutriColoring (M = 9.23, 
SE = 0.19) was reported to require a higher cognitive load than 
reporting with NutriWriting (M = 8.32, SE = 0.18). A Wilcoxon signed-
rank test indicated that there was a significant difference between the 
two approaches, z = −2.04, p = 0.042, with relatively large effect size, 
r = 0.48. Regarding the Frustration (shown in Figure 7B), we found 
that the using frustration with NutriColoring (M = 7.73, SE = 0.18) was 
lower than with NutriWriting (M = 8.20, SE = 0.19). According to the 
Wilcoxon signed-rank test, the differences were not significant, 
p = 0.289. Regarding the time consumed for self-reporting approaches 
(as shown in Figure 7C), participants used less time reporting intake 
with NutriWriting (M = 4.47 min, SE = 0.21, Max = 25 min, 
Min = 3 min) than with NutriColoring (M = 6.26 min, SE = 0.29, 
Max = 16 min, Min = 3 min). In addition, the Kruskal–Wallis test 
showed that there is a significant difference in using time between the 
NutriColoring toolkit and the NutriWriting toolkit (p < 0.001).

Besides, comparing the average data over the entire study, we also 
analyze the NASA-TLX scores and task completion durations on a 
daily basis to understand the changes in workload throughout the 
study. The two toolkits’ separate average daily workloads over the 
period of a week were calculated for the comparative analysis, and 
each is shown in a line graph in Figure 8A. Overall, we found that the 
mean workload increased while using the NutriColoring toolkit, but 
the situation was the total opposite when using the NutriWriting 
toolkit. It was interesting that the workload for NutriColoring began 
to fall below that for NutriWriting on the third day of the study 
procedure. Specifically, starting from a relatively higher level of mental 
demand and reporting frustration (M = 10.50), the figure of 
NutriColoring then decreased slightly. The average workload of the 
coloring approach dropped to its lowest point on Friday (M = 5.19) but 

quickly rose to a high level throughout the weekend, ending with a 
mean of 7.93. In contrast, among the 18 participants, the average 
workload for the writing approach started lower (M = 7.29) but then 
increased slightly. Even while it also hit a low point (M = 7.70) on 
Friday, the scores rose over the weekend, concluding with a mean of 
8.52. To determine the impact of toolkits (NutriColoring vs. 
NutriWriting) and study days (from Monday through Sunday) on 
workload, a two-way ANOVA was conducted. There was no significant 
main effect of the two self-reporting approaches on workload, F = 0.18, 
p = 0.67, and no significant difference in study days, F = 0.14, p = 0.99.

On the other hand, we  also measured how much time each 
participant spent each day using two toolkits during the study process. 
The participant’s usage time on the first day of every study week is 
taken as a baseline. A decrease in the time spent (expressed as negative 
time costs in the figure) indicates an improved user experience and 
reduced learning costs. Figure 8B illustrates the changes in the time 
spent using both the coloring approach in a 1-week-long period and 
the writing food diary approach in another week. Compared to the 
first-day baseline, using time with the NutriColoring toolkit 
(M = −2.02, SD = 2.76, Min = −8.14, Max = 2.29) showed a gradual 
decline, while the time with the NutriWriting toolkit (M = −0.12, 
SD = 1.04, Min = −2.71, Max = 1.14) fluctuated even a little using time 
reached a peak on the second day. Furthermore, the use time of both 
toolkits presented a slight climb during the weekend, especially the 
using duration with the NutriColoring toolkit was increased 
during weekends.

In summary, self-reporting behaviors with our toolkits scored 
relatively low in the NASA-TLX workload survey. Reporting intake 
with the NutriColoring toolkit during working hours seemed to 
require more mental demand but less frustration from participants 
compared to the NutriWriting toolkit. These results suggest that the 
using of NutriColoring may play a positive role in enhancing user 
experience with intake assessment in the working context, which 
might be used to sustain users’ engagement in the long term.

5.1.2 Intrinsic motivation
Figure  9 shows the results of the IMI questionnaire. Overall, 

we found that participants were positively motivated to report daily 

FIGURE 7

Mean and SD of NASA-TLX sub-dimensions: (A) Mental demand; (B) Frustration; (C) Using time with two toolkits.
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intake during working hours, with reasonably high scores on the 
subscales of interest/enjoyment, perceived competence, and value/ 
usefulness. Additionally, ratings for these two approaches (coloring vs. 
writing) were moderate for the subscale of effort/importance and low 
for the subscale of pressure/tension. The quantitative analysis with 
paired-samples t-tests showed significant differences in Interest/
enjoyment, Perceived competence, and Effort/importance between the 
two reporting approaches at work.

5.1.2.1 Interest/enjoyment
Figure 9A shows a significant difference in enjoying the reporting 

process with the Doodling via Coloring approach and the traditional 
text-based food Journaling (t = 3.491; p = 0.003). The Interest/
enjoyment was rated significantly higher for the NutriColoring 
(M = 5.01; SE = 0.28) than for NutriWriting (M = 4.10; SE = 0.23).

5.1.2.2 Perceived competence
As shown in Figure 9B, there were significant differences between 

the two approaches of reporting intake during working hours 
(t = 2.884; p = 0.010). Participants felt the perceived competence with 
using the NutriColoring toolkit (M = 5.07; SE = 0.20) was significantly 
stronger than with the NutriWriting toolkit (M = 4.56; SE = 0.19) while 
they worked.

5.1.2.3 Effort/importance
In the Effort/importance subscale (Figure  9C), the rates of all 

participants were also significantly different for the two reporting 
approaches during working hours, t = 2.314, p = 0.033. The intake 
reporting activity was considered significantly more important with the 
NutriColoring (M = 3.87; SE = 0.21) than with NutriWriting (M = 3.31; 
SE = 0.22).

5.1.2.4 Pressure/tension and value/usefulness
On both two subscales, NutriColoring was rated higher than 

NutriWriting. However, regarding the perceived tension of the 
intake reporting at work (shown in Figure  9D), there was no 
significant difference between the NutriColoring (M = 2.77; 

SE = 0.34) and NutriWriting (M = 2.70; SE = 0.20), p = 0.924. 
Regarding the perceived usefulness of the intake reporting (as 
shown in Figure  9E), the value of NutriColoring (M = 4.86; 
SE = 0.31) is slightly higher than that of NutriWriting (M = 4.82; 
SE = 0.29). There also was no significant difference between the 
Doodling and the writing Journaling, p = 0.660.

5.2 Interview results

5.2.1 NutriColoring
According to the follow-up interviews, all participants preferred 

using the NutriColoring toolkit for reporting daily intake in the 
working context. Their reasons for their choice could be summarized 
as follows.

First, the interview results indicated that most participants 
expressed a positive attitude toward the playful user experience with 
the NutriColoring toolkit. They stated that they could see potential 
benefits of the Doodling with Coloring approach for self-reporting 
during their working hours and even for long-term use. For example, 
P4 mentioned “It relaxed my mind from work, and I looked forward to 
using the toolkit every working day.” Ten participants described the use 
of the NutriColoring toolkit as “enjoyable” and “interesting,” and six 
participants described it as “exciting.”

Second, the responses indicated that the 30 illustrated cards were 
efficient in motivating a flexible and creative using process and helped 
protect privacy at work. For instance, P3 explained: “It strongly encouraged 
me to enjoy coloring when the illustrated card I chose perfectly corresponds 
to my daily intake. I also like to select cards in advance and plan my meals 
with healthy food choices for the following day(s).” Other participants 
stated: “It is simple to remember the food groups and colors. After that, I felt 
more freedom and less pressure in self-desired drawing ways. For example, 
a banana in green, or orange with meat textures (P6).” Participants also 
mentioned that the flexibility of creation helped to hide their specific 
intake and protect their privacy in the working context. P5 stated “Others 
cannot understand my cards since they were casual creations and only 
I know the content in detail.”

FIGURE 8

(A) Average workload per day and (B) The using time per day of two toolkits.
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Third, the NutriColoring toolkit was seen as a self-reflection 
enhancer by the majority of participants. Through collecting images 
of colored toolkits taken by participants, we  noticed that most 
participants preferred to display colored results in a prominent 
location on their working desks (as shown in Figure 10). For instance, 
P2 stated “It gave me a sense of personal achievements while I put the 
toolkit on my desk as a piece of art.” Participants explained that the 
display of their reporting data could “provide a clear overview of intake 
history,” “compare personal intake with food groups in Food pyramid 
reference,” “directly recognize the missing or overeating of a certain food 
group(s),” and “trigger to balance the intake.” P3 also mentioned that: 
“Compared to texts, colors are well-visualized feedback, which 
encouraged me to improve food diversity and keep eating as good as/
better than previous days.” These findings are in line with quantitative 
results that the NutriColoring toolkit is an interesting and valuable 
approach for reporting daily intake in the working context.

Additionally, we observed that participants used the NutriColoring 
toolkit to color their doodles in various ways. In particular, some 
participants preferred coloring the entire card (as shown in 
Figure 11A), while others (as shown in Figure 11B) only colored food-
related contents without drawing backgrounds or non-food items 
(such as dining table, tissues. The doodling results were strongly 
influenced by each participant’s eating habits and food choices. The 
distribution of color proportions on the same card drawn by different 
participants can be  compared to reveal how each participant’s 
nutritional structure differs. For example, as shown in Figure 11B, 
some participants consumed more vegetables (in green), some ate 
more meat (in pink), and some preferred grain (in orange). Besides, 8 
of the 18 participants discovered that, in contrast to NutriWriting’s 

text-based method, colors might visually prompt participants to adjust 
their food consumption by presenting varied intake amounts for each 
food category as well as helping individuals spot missing food groups. 
However, two participants stated different attitudes toward 
NutriColoring. For instance, they demonstrated that “Coloring 
approach requires investing a big effort and time to get awareness of 
daily intake (P1)” and “It was playful but was a lot for me. I would 
prefer less stress during the reporting process (P15).”

5.2.2 NutriWriting
Only two participants selected NutriWriting as their preferred 

self-reporting way during working hours. They claimed that adopting 
the NutriWriting toolkit made the reporting process simpler to 
understand, easier to follow, and less using effort, all of which allowed 
them to maintain their attention on their current tasks. For instance, 
one participant mentioned, “……writing was the easier way for me to 
follow without overthinking, and it was convenient to complete 
unfinished reporting with writing.” This is in line with our quantitative 
findings that NutriWriting needs shorter time and lower efforts for 
reporting intake during working hours. On the other hand, some 
participants thought that NutriWriting lacked visualized results about 
their intake. For instance, as some participants stated, “……I gained 
no valuable information if I only took a glance at the calendar without 
carefully reading,” “Compared to the coloring calendar, the text-based 
calendar was not helpful to raise my awareness of intake during my 
working hours.” Besides, five of eighteen participants stated that they 
did concern about their privacy when they displayed the NutriWriting 
toolkit on their working desks during the research process because 
everyone passed by could read and know their data. Moreover, 

FIGURE 9

Mean and SE of IMI subscales: (A) Interest/Enjoyment; (B) Perceived competence; (C) Effort/Importance; (D) Pressure/Tension; (E) Value/Usefulness.
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thirteen participants would not like to keep using the NutriWriting 
toolkit at work for the long term. They predicted the long-term using 
experience with NutriWriting would be “repeated efforts,” “boring,” 
and “limited effect.”

5.2.3 Other findings
The qualitative analyses also showed that the NutriColoring 

toolkit as well as the NutriWriting toolkit can promote reporting 
intake during working hours in an easy and simple way. The interview 
responses suggested that the Food Pyramid reference enables a new 
form of understanding food categories and helps report intake 
efficiently but needs to provide the possibility to encourage 
participants to achieve personal eating goals. Most participants also 

experienced a hybrid working context during the COVID-19 
pandemic, where emerged a need to design portable products for 
reporting intake. We elaborated on these findings below, highlighting 
three other aspects.

5.2.3.1 Quantify intake in a simple way
Although NutriColoring and NutriWriting took the Food 

Pyramid as a reference, most participants stated that it was difficult to 
quantitatively compare their intake day by day. For instance, P5 
mentioned, “I only draw illustrated food on the card instead of coloring 
the entire card, because I want to tell the consumptions of each food 
group by changing the size and area of coloring.” P2 explained that “I 
can tell the amount of intake by seeing the word size and length on the 

FIGURE 10

Examples of displaying results of NutriColoring toolkit on participants’ working desks.

FIGURE 11

Coloring results regarding (A) full-size coloring way and (B) various eating choices among different participants with the same illustrated card.

https://doi.org/10.3389/fpsyg.2023.1265218
https://www.frontiersin.org/journals/psychology
https://www.frontiersin.org


Pan et al. 10.3389/fpsyg.2023.1265218

Frontiers in Psychology 14 frontiersin.org

NutriWriting toolkit, but I still look forward to a guideline to tell me 
whether I eat enough and healthy or not.” Some other participants 
suggested that “It would be beneficial if my the-day-before intake could 
be my reference, then I can learn if I behave in a better and healthier 
tendency or in opposite.” Besides, colored pens in the toolkit were 
considered as a quantitative tool to promote understanding and 
decision about intake amount. For example, P4 and P5 stated, “I 
thought red (represents fat) is unhealthy, so I put red pen outside the 
toolkit box and tried to avoid using it.” P10 mentioned that “…I always 
lined up the pens from most to least according to proportions of each 
food group that day. After that, I  just started drawing on the cards, 
which helped me to realize how much I eat.” Some participants also 
suggested that it would be easier to quantify intake using stickers or 
Lego bricks of the same size but in different colors to report intake 
at work.

5.2.3.2 Eating goal and behavior change
In the pre-questionnaire, we asked every participant to mention 

their personal eating goal and most participants reported a good result 
in achieving their goals. Instead of finding an eating goal from a 
scientific institute and dietician, participants showed interest in setting 
eating goals according to their actual needs and status. For instance, 
some participants “plan to eat more vegetables and fruits at work,” 
some “try to eat more types of food in one food category,” and some 
others thought “less fat and sweet, low carbine could help to build up a 
healthy physical status.” The interview results surprised us that almost 
all participants were aware of their goals and tried to achieve them 
during the study process, even though this task was not required for 
this study. Furthermore, some participants also started to change their 
eating behaviors by setting doable small steps and challenges. For 
example, P15 pushed herself to eat two times more fruits than 
yesterday, and P2 challenged himself to keep regular eating time on a 
super busy workday.

5.2.3.3 Hands-on coloring tasks within a hybrid working 
context

On the one hand, tangible toolkits also brought hands-on activity 
in the working context. Specifically, most participants preferred using 
pens to report intake, rather than with mobile applications. They 
explained that this hand-made approach could help them “gain an 
excuse to relax from heavy working schedules,” “improve retention of 
intake information,” and “learn their own eating patterns efficiently.” 
And displaying toolkits on their working desk was beneficial to 
remind them to use the tools. However, these findings also showed 
some potential problems, for instance, “It was not convenient that 
I must bring the toolkit with me since I always changed my working 
place from office to home office (P10, P11).” Therefore, participants 
suggested that it would be a solution to transfer the on-paper approach 
into a digital application (i.e., tangible tools for reporting, digital 
application for overviewing intake data, and easy to check). On the 
other hand, according to our quantitative results, the using duration 
with NutriColoring was increased in the home office context, 
especially during the weekend. The reasons behind this result were 
identified as “high engagement in a private working space with less 
disturbing from others,” “more possibilities of coloring the diary while 
eating,” and “no judgement about coloring output from others” by most 
participants. This finding gave a potential insight into the context that 
the relative private and/or individual working space enables to 

motivate the usage of the NutriColoring toolkit. Future design could 
investigate different working contexts to develop various healthy 
eating promotions.

6 Discussion

This study presents the design and usefulness test of the 
NutriColoring toolkit, a Doodling via Coloring approach that aims to 
prompt self-reporting and self-reflection about daily intake in the 
working context. NutriColoring toolkit was designed to support 
healthy eating at work with two design considerations. First, 
we integrated the Food Pyramid into the NutriColoring toolkit and 
appropriated food categories with six corresponding colors: Orange 
(Grains), Green (Vegetables), Yellow (Fruits), Red (Fats, Oils, and 
sweets), Blue (Milk and Dairy), and Pink (Meat). Second, we explored 
30 line-drawing cards with various meal contents to facilitate a color-
it-up reporting approach in the working context. A cultural probe 
study was conducted to understand the user experience of the 
NutriColoring toolkit compared to the text-based reporting approach 
(NutriWriting) and test its applicability to workplace healthy eating. 
We collected quantitative data via NASA-TLX and IMI questionnaires 
and qualitative interview data with 18 working-age individuals. Our 
quantitative and qualitative data showed that the NutriColoring 
toolkit provided users with a positive using experience and motivation 
in terms of lower frustration and higher enjoyment. The interview 
results revealed a high acceptance of using the NutriColoring toolkit 
at work as participants believed that Doodling via Coloring approach 
could provide freedom for intake reporting exploration and 
engagement in intake reporting activities in a playful way at work. Our 
results and findings confirmed our two research questions that the 
NutriColoring toolkit could be used for self-reporting at work and 
positively affects self-reflection about personal eating status. Based on 
these insights, we  further derived several design implications for 
promoting healthy eating during working hours.

6.1 Design implications

6.1.1 Simple and interactive self-reporting tools 
without overburdening

Most participants thought the playful and high-engagement 
Doodling approach provided by the NutriColoring toolkit design was 
suitable for relaxation or refreshment in the working context. Based 
on the colored results display, the NutriColoring toolkit could enable 
users to self-report daily intake during working hours. Some 
participants mentioned that the NutriColoring toolkit makes their 
reporting process occur more frequently because they could easily 
engage and start the reporting activities spontaneously by coloring a 
properly illustrated card as a work break. Compared to a text-based 
journaling tool that requires working-age individuals to record intake 
repeatedly, NutriColoring based on professional reference (i.e., Food 
Pyramid) can be easier and more “work friendly” to use. Moreover, 
within the hybrid working context, some participants suggested 
integrating the self-reporting features of the NutriColoring toolkit into 
portable digital tools, such as mobile applications or websites, with 
interactive coloring capabilities. We learned that a digital tool could 
address issues related to not-at-hand problems due to the switch 
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between the office and the home office, ensuring accessibility. 
Therefore, future research could explore coloring doodling in digital 
technologies to make it more adaptive and adjustable. One example 
could be the use of vision-based sensors, which provide non-intrusive 
solutions for food monitoring and show promising performance in 
food recognition, eating behavior detection, intake classification, and 
food amount estimation (Chen and Kamavuako, 2023).

6.1.2 Challenges and social triggers for 
motivation and engagement

Various studies have examined the impacts of a game challenge 
mechanism on promoting healthy eating awareness and behaviors. For 
instance, Peng (2009) has suggested that using role-playing and 
interactive tailoring could increase users’ self-reflection on healthy 
eating as well as their intention to be  on a healthy diet. Most 
participants thought coloring the illustrated cards in the NutriColoring 
toolkit on each working day enabled them to achieve their personal 
eating goals step by step unobtrusively. Participants suggested that 
setting eating goals and daily challenges can positively enhance user 
experience with paper journaling via the coloring approach, especially 
the motivation and engagement related to the self-reporting practice. 
Participants also stated that NutriColoring was easy to learn and 
performed well with a low learning curve and low mental effort. This 
simplicity may also lead to boredom and loss of motivation after a few 
weeks of use. Therefore, for long-term engagement, one possible 
solution would be to develop the NutriColoring toolkit in a unit social 
context to facilitate healthy eating via social support. Users in the same 
workplace with similar eating goals can cooperate or compete via 
NutriColoring results at work. For example, coworkers with similar 
eating goals can share coloring results with each other and achieve 
challenges together; or to protect privacy, users can present their 
colored results anonymously, and compare personal data with others 
to stimulate healthy eating patterns safely.

6.1.3 Personalized and artistic achievement
In the NutriColoring toolkit, the research team designed 

illustrated cards with different meal content in advance. These line-
based cards may not correspond to every participant’s daily intake 
accurately. Most participants thought personalized cards generated by 
technical system algorithms or designed by the users themselves 
would increase using motivation and engagement of self-reporting 
with the NutriColoring toolkit at work. Additionally, by subclassing 
colored results in a certain period of time (i.e., 1 week, 1 month, and 
1 year), participants looked forward to an artistic overview as 
feedback, which was considered an efficient method to raise a sense 
of achievement and help users to report intake with Doodling via 
Coloring approach in the long term.

6.2 Limitations and future study

The findings of this study may need to be cautiously interpreted 
due to the following limitations. First, the sample chosen might have 
influenced the results of the study. For instance, a study with 18 
participants may not be  adequate to reveal the impacts of the 
NutriColoring toolkit on healthy eating promotion in the working 
context. Our sample mainly consists of participants with little to no 
experience in creative disciplines, which might differ from the 

experiences of more experienced individuals. Additionally, 
we specifically selected participants with a high level of education and 
those who are not color blind for this study. Therefore, the results may 
not be  representative of the general population when using the 
NutriColoring toolkit in a working context. Second, our study mainly 
focused on the usefulness of the NutriColoring toolkit in supporting 
intake reporting at work for 1 week, while the desirability of the 
Coloring approach for long-term and everyday use was not evaluated. 
For our future study, we will upgrade the NutriColoring toolkit and 
conduct a long-term field study where the Paper Journaling with 
Coloring approach will be used as an everyday gadget in the working 
context instead of as a research probe for an experiment. Third, 
another limitation might be  the design aspect. In this study, 
NutriColoring was integrated into a tangible toolkit with pre-set 
illustrated cards, which may not accurately reflect individual dietary 
intake content and consumed food amounts. In future, it will 
be potential to upgrade the NutriColoring toolkit into digital tools that 
assist coloring doodling with personalized cards based on individuals’ 
intake content and amount, offering a more simple and efficient 
reporting approach.

7 Conclusion

This study presents the design and evaluation of the NutriColoring 
toolkit, a playful self-reporting Doodling with Coloring way for 
healthy eating at work. In a cultural probe study, we  tested the 
usefulness of the NutriColoring toolkit by comparing it with another 
traditional food journaling toolkit, NutriWriting. In total, 18 
participants were recruited to take part in a 2-week study procedure. 
The main purposes of this study were to investigate the usefulness of 
the NutriColoring and the potential effectiveness on self-reflection of 
intake quality. The quantitative data of NASA-TLX and IMI and the 
qualitative data of follow-up interviews were collected for analysis. 
Comparisons between the NutriColoring toolkit and the NutriWriting 
toolkit showed that participants preferred using NutriColoring for 
self-reporting of intake in the working context because of its lower 
frustration, higher enjoyment, competence, and usefulness. Based on 
the user responses in the follow-up interviews, we found that: First, 
interactive and portable self-reported tools would be  intuitively 
designed for exploring the flexibility of dietary assessment within the 
dual contexts between office and home office. Second, establishing 
dietary objectives and incorporating them into daily goals could 
elevate the user’s satisfaction when employing a paper journal through 
a coloring approach. Third, personalization of line-drawing cards is 
recommended. These three design opportunities will need to 
be  explored for further design of NutriColoring and interactive 
technologies to promote healthy eating in the working contexts. 
Besides, to enhance the long-term usage of NutriColoring, it would 
be  beneficial to implement social strategies such as encouraging 
colleagues in a shared work environment to collaborate in achieving 
their eating goals together in future.

Data availability statement

The raw data supporting the conclusions of this article will 
be made available by the authors, without undue reservation.

https://doi.org/10.3389/fpsyg.2023.1265218
https://www.frontiersin.org/journals/psychology
https://www.frontiersin.org


Pan et al. 10.3389/fpsyg.2023.1265218

Frontiers in Psychology 16 frontiersin.org

Ethics statement

The studies involving humans were approved by Eindhoven 
University of Technology. The studies were conducted in 
accordance with the local legislation and institutional 
requirements. Written informed consent for participation in this 
study was provided by the participants’ legal guardians/
next of kin.

Author contributions

SP: Conceptualization, Formal analysis, Investigation, Software, 
Visualization, Writing – original draft, Methodology. XR: 
Methodology, Supervision, Validation, Writing – review & editing. SV: 
Data curation, Methodology, Supervision, Writing – review & editing. 
AB: Project administration, Supervision, Writing – review & editing.

Funding

The author(s) declare financial support was received for the 
research, authorship, and/or publication of this article. This study 
was supported by the National Social Science Fund of China 

(21CG192). The first author of this study was funded by the China 
Scholarship Council.

Acknowledgments

The authors would like to acknowledge the questionnaire 
respondents and interview participants for their help in the study.

Conflict of interest

The authors declare that the research was conducted in the 
absence of any commercial or financial relationships that could 
be construed as a potential conflict of interest.

Publisher’s note

All claims expressed in this article are solely those of the authors 
and do not necessarily represent those of their affiliated organizations, 
or those of the publisher, the editors and the reviewers. Any product 
that may be evaluated in this article, or claim that may be made by its 
manufacturer, is not guaranteed or endorsed by the publisher.

References
Achananuparp, P., Lim, E. P., Abhishek, V., and Yun, T. (2018) ‘Eat & tell: a randomized 

trial of random-loss incentive to increase dietary self-tracking compliance’, in 
Proceedings of the 2018 International Conference on Digital Health, Lyon, France pp. 
45–54.

Allen, T. D., Golden, T. D., and Shockley, K. M. (2015). How effective is 
telecommuting? Assessing the status of our scientific findings. Psychol. Sci. Public Interest 
16, 40–68. doi: 10.1177/1529100615593273

Ammar, A., Brach, M., Trabelsi, K., Chtourou, H., Boukhris, O., Masmoudi, L., et al. 
(2020). Effects of COVID-19 home confinement on eating behaviour and physical 
activity: results of the ECLB-COVID19 international online survey. Nutrients. 
Multidisciplinary Digital Publishing Institute 12:1583. doi: 10.3390/nu12061583

Andrade, J. (2010). What does doodling do? Appl. Cognit. Psychol.. Wiley Online 
Library 24, 100–106. doi: 10.1002/acp.1561

Aschemann-Witzel, J., Grunert, K. G., van Trijp, H. C. M., Bialkova, S., Raats, M. M., 
Hodgkins, C., et al. (2013). Effects of nutrition label format and product assortment on 
the healthfulness of food choice. Appetite 71, 63–74. doi: 10.1016/j.appet.2013.07.004

Ashlock, L. E., Miller-Perrin, C., and Krumrei-Mancuso, E. (2018). The effectiveness 
of structured coloring activities for anxiety reduction. Art Ther. Taylor & Francis 35, 
195–201. doi: 10.1080/07421656.2018.1540823

Ayobi, A., Marshall, P., Cox, A.L., and Chen, Y. (2017) ‘Quantifying the body and 
caring for the mind: self-tracking in multiple sclerosis’, in Proceedings of the 2017 CHI 
conference on human factors in computing systems, New York, NY, USA: Association 
for Computing Machinery pp. 6889–6901.

Ayobi, A., Sonne, T., Marshall, P., and Cox, A.L (2018) ‘Flexible and mindful self-
tracking: design implications from paper bullet journals’, in Proceedings of the 2018 CHI 
conference on human factors in computing systems, ACM, New York, NY pp. 1–14.

Barnett, J. E., and Cooper, N. (2009). Creating a culture of self-care. Clin. Psychol. 16, 
16–20. doi: 10.1111/j.1468-2850.2009.01138.x

Blackstone, A. (2018) Principles of sociological inquiry: qualitative and 
quantitative methods. Saylor Academy Open Textbooks.

Braun, V., and Clarke, V. (2006). Using thematic analysis in psychology. Qual. Res. 
Psychol. 3, 77–101. doi: 10.1191/1478088706qp063oa

Burke, L. E., Warziski, M., Starrett, T., Choo, J., Music, E., Sereika, S., et al. (2005). 
Self-monitoring dietary intake: current and future practices. J. Ren. Nutr. Elsevier 15, 
281–290. doi: 10.1016/j.jrn.2005.04.002

Burton, B. N., and Baxter, M. F. (2019). The effects of the leisure activity of coloring 
on post-test anxiety in graduate level occupational therapy students. Open J. Occupat. 
Therapy 7:7. doi: 10.15453/2168-6408.1451

Byrne, G. (2015). MyFitnessPal. Nurs. Stand. 29, 29:31:31. doi: 10.7748/ns.29.38.31.
s33

Carter, S., and Mankoff, J. (2005) ‘When participants do the capturing: the role of 
media in diary studies’, in Proceedings of the SIGCHI conference on Human factors in 
computing systems, pp. 899–908.

Chan, E. (2012). The negative effect of doodling on visual recall task performance. 
Univ. Br. Columbias Undergrad Journal of Psychology 1.

Chen, X., and Kamavuako, E. N. (2023). Vision-based methods for food and fluid 
intake monitoring: a literature review. Sensors MDPI 23:6137. doi: 10.3390/s23136137

Chung, C.-F., Agapie, E., Schroeder, J., Mishra, S., Fogarty, J., and Munson, S.A (2017) 
‘When personal tracking becomes social: examining the use of Instagram for healthy 
eating’, in Proceedings of the 2017 CHI Conference on human factors in computing 
systems, pp. 1674–1687.

Clark, A., and Dünser, A. (2012) ‘An interactive augmented reality coloring book’, in 
2012 IEEE symposium on 3D user interfaces (3DUI). IEEE, pp. 7–10.

Cordeiro, F., Bales, E., Cherry, Erin, and Fogarty, James (2015a) ‘Rethinking the 
mobile food journal: exploring opportunities for lightweight photo-based capture’, in 
Proceedings of the 33rd annual ACM conference on human factors in computing 
systems, pp. 3207–3216.

Cordeiro, F., Epstein, D. A., Thomaz, E, Bales, E, Jagannathan, AK, Abowd, GD, et al. 
(2015b) ‘Barriers and negative nudges: exploring challenges in food journaling’, in 
Proceedings of the 33rd annual ACM conference on human factors in computing 
systems, pp. 1159–1162.

Coward, J. (2023) ‘Doodling as self-expression: building self-efficacy in normally 
functioning adults. Art Therapy. San Francisco: Dominican University of California.

Curry, N. A., and Kasser, T. (2005). Can coloring mandalas reduce anxiety? Art Ther.. 
Taylor & Francis 22, 81–85. doi: 10.1080/07421656.2005.10129441

Deci, E. L., and Ryan, R. M. (2013) Intrinsic motivation and self-determination in 
human behavior. Berlin Springer Science & Business Media.

di Renzo, L., Gualtieri, P., Pivari, F., Soldati, L., Attinà, A., Cinelli, G., et al. (2020). 
Eating habits and lifestyle changes during COVID-19 lockdown: an Italian survey. J. 
Transl. Med.. Springer 18, 229–215. doi: 10.1186/s12967-020-02399-5

Elsden, C., Durrant, AC, Chatting, D, and Kirk, DS (2017) ‘Designing documentary 
informatics’, in Proceedings of the 2017 Conference on Designing Interactive Systems, 
pp. 649–661.

Elsden, C., Durrant, A. C., and Kirk, D. S. (2016) ‘It’s just my history Isn’t it? 
Understanding smart journaling practices’, in Proceedings of the 2016 CHI Conference 
on Human Factors in Computing Systems, pp. 2819–2831.

https://doi.org/10.3389/fpsyg.2023.1265218
https://www.frontiersin.org/journals/psychology
https://www.frontiersin.org
https://doi.org/10.1177/1529100615593273
https://doi.org/10.3390/nu12061583
https://doi.org/10.1002/acp.1561
https://doi.org/10.1016/j.appet.2013.07.004
https://doi.org/10.1080/07421656.2018.1540823
https://doi.org/10.1111/j.1468-2850.2009.01138.x
https://doi.org/10.1191/1478088706qp063oa
https://doi.org/10.1016/j.jrn.2005.04.002
https://doi.org/10.15453/2168-6408.1451
https://doi.org/10.7748/ns.29.38.31.s33
https://doi.org/10.7748/ns.29.38.31.s33
https://doi.org/10.3390/s23136137
https://doi.org/10.1080/07421656.2005.10129441
https://doi.org/10.1186/s12967-020-02399-5


Pan et al. 10.3389/fpsyg.2023.1265218

Frontiers in Psychology 17 frontiersin.org

Epstein, D. A., Kang, JH, Pina, LR, Fogarty, J, and Munson, SA (2016) ‘Reconsidering 
the device in the drawer: lapses as a design opportunity in personal informatics’, in 
Proceedings of the 2016 ACM international joint conference on pervasive and 
ubiquitous computing ACM New York, NY, pp. 829–840.

Epstein, D. A., Lee, NB, Kang, JH, Agapie, E, Schroeder, J, Pina, LR, et al. (2017) 
‘Examining menstrual tracking to inform the design of personal informatics tools’, in 
Proceedings of the 2017 CHI conference on human factors in computing systems, 
Denver, CO, USA pp. 6876–6888.

Fernandes, M. A., Wammes, J. D., and Meade, M. E. (2018). The surprisingly powerful 
influence of drawing on memory. Curr. Dir. Psychol. Sci.. Sage Publications Sage CA: Los 
Angeles, CA 27, 302–308. doi: 10.1177/0963721418755385

Gorman, E., Ashe, M. C., Dunstan, D. W., Hanson, H. M., Madden, K., Winkler, E. A. 
H., et al. (2013). Does an “activity-permissive’workplace change office workers” sitting 
and activity time? PLoS One. Public Library of Science San Francisco, USA 8:e76723. 
doi: 10.1371/journal.pone.0076723

Harrison, D., Marshall, P, Bianchi-Berthouze, N, and Bird, J (2015) ‘Activity tracking: 
barriers, workarounds and customisation’, in Proceedings of the 2015 ACM international 
joint conference on pervasive and ubiquitous computing, Osaka pp. 617–621.

Hart, S. G. (2006). NASA-task load index (NASA-TLX); 20 years later. Proc. Hum 
Factors and Ergonomics Society 50, 904–908. doi: 10.1177/154193120605000909

Hartline-Grafton, H. L., Rose, D., Johnson, C. C., Rice, J. C., and Webber, L. S. (2010). 
The influence of weekday eating patterns on energy intake and BMI among female 
elementary school personnel. Obesity. Wiley Online Library 18, 736–742. doi: 10.1038/
oby.2009.249

Hartwell, H., Appleton, K. M., Bray, J., Price, S., Mavridis, I., Giboreau, A., et al. 
(2019). Shaping smarter consumer food choices: the FoodSMART project. Nutr. Bull. 
44, 138–144. doi: 10.1111/nbu.12376

Heber, D. (2004). Vegetables, fruits and phytoestrogens in the prevention of diseases. 
J Postgrad. Med. 50:145.

Hipp, J. A., Reeds, D. N., van Bakergem, M. A., Marx, C. M., Brownson, R. C., 
Pamulapati, S. C., et al. (2015). Peer reviewed: review of measures of worksite 
environmental and policy supports for physical activity and healthy eating. Prev. Chronic 
Dis. 12:E65. doi: 10.5888/pcd12.140410

Holden, R. J., and Karsh, B.-T. (2010). The technology acceptance model: its past and 
its future in health care. J. Biomed. Inform. 43, 159–172. doi: 10.1016/j.jbi.2009.07.002

Jin, B. S., and Ji, Y. G. (2010). Usability risk level evaluation for physical user interface 
of mobile phone. Comput. Ind. Elsevier 61, 350–363. doi: 10.1016/j.compind.2009.12.006

John, D. L. (2012). Drawing as self-expression with normally functioning adults: a 10-
week technique. Cambridge: Lesley University.

Johnson, T., Vergara, Jorge, Doll, Chelsea, Kramer, Madison, Sundararaman, Gayathri, 
Rajendran, Harsha, et al. (2014) ‘A mobile food recommendation system based on the 
traffic light diet’, arXiv preprint arXiv:1409.0296.

Julia, C., Etilé, F., and Hercberg, S. (2018). Front-of-pack Nutri-Score labelling in 
France: an evidence-based policy. Lancet Public Health 3:e164. doi: 10.1016/
S2468-2667(18)30009-4

Kersten-van Dijk, E. T., Westerink, J. H. D. M., Beute, F., and IJsselsteijn, W. A. (2017). 
Personal informatics, self-insight, and behavior change: a critical review of current 
literature. Hum. Comput. Inter. 32, 268–296. doi: 10.1080/07370024.2016.1276456

Kim, Y.-H., Jeon, J. H., Lee, B., Choe, E. K., and Seo, J. (2017) ‘OmniTrack: a flexible 
self-tracking approach leveraging semi-automated tracking’, Proceedings of the ACM 
on interactive, mobile, wearable and ubiquitous technologies, ACM New York, NY

Kim, H. S., and Sherman, D. K. (2007). “Express yourself ”: culture and the effect of 
self-expression on choice. J. Pers. Soc. Psychol.. American Psychological Association 92, 
1–11. doi: 10.1037/0022-3514.92.1.1

Lazar, A., Koehler, C., Tanenbaum, J., and Nguyen, D. H (2015) Why we use and 
abandon smart devices’, in Proceedings of the 2015 ACM international joint conference 
on pervasive and ubiquitous computing, ACM New York, NY pp. 635–646.

Lepore, S. J., and Smyth, J. M. (2002). The writing cure: how expressive writing promotes 
health and emotional well-being, Washington: American Psychological Association.

Lima, J., Costa, S., and Rocha, A. (2018). How do university workers eat at the 
workplace? Nutr. Food Sci. 48, 194–205. doi: 10.1108/NFS-07-2017-0141

Liu, Y.-C., Chen, C. H., Lu, S. J., Lin, Y. S., and Chen, H. Y. (2020). “Development of 
user-drawn doodles for communication and reporting of dietary intake in health 
management” in International conference on human interaction and emerging technologies 
(Switzerland: Springer), 452–458.

Lucassen, D. A., Brouwer-Brolsma, E. M., van de Wiel, A. M., Siebelink, E., and EJM, 
F. (2021). Iterative development of an innovative smartphone-based dietary assessment 
tool: Traqq. JoVE 169:e62032. doi: 10.3791/62032

Lupton, D. (2014) ‘Self-tracking cultures: towards a sociology of personal informatics’, 
in Proceedings of the 26th Australian computer-human interaction conference on 
designing futures: The future of design, ACM New York, NY pp. 77–86.

Maes, L., van Cauwenberghe, E., van Lippevelde, W., Spittaels, H., de Pauw, E., 
Oppert, J. M., et al. (2012). Effectiveness of workplace interventions in Europe 
promoting healthy eating: a systematic review. Eur. J. Pub. Health. Oxford University 
Press 22, 677–683. doi: 10.1093/eurpub/ckr098

Mantzios, M., and Giannou, K. (2018). When did coloring books become mindful? 
Exploring the effectiveness of a novel method of mindfulness-guided instructions for 
coloring books to increase mindfulness and decrease anxiety. Front. Psychol. 9:56. doi: 
10.3389/fpsyg.2018.00056

McAuley, E., Duncan, T., and Tammen, V. V. (1989). Psychometric properties of the intrinsic 
motivation inventory in a competitive sport setting: a confirmatory factor analysis. Res. Q. 
Exerc. Sport Taylor & Francis 60, 48–58. doi: 10.1080/02701367.1989.10607413

Meade, M. E., Wammes, J. D., and Fernandes, M. A. (2019). Comparing the influence 
of doodling, drawing, and writing at encoding on memory. Can. J. Exp. Psychol. 73, 
28–36. doi: 10.1037/cep0000170

Meijboom, S., van Houts-Streppel, M. T., Perenboom, C., Siebelink, E., van de 
Wiel, A. M., Geelen, A., et al. (2017). Evaluation of dietary intake assessed by the Dutch 
self-administered web-based dietary 24-h recall tool (Compl-eat™) against interviewer-
administered telephone-based 24-h recalls. J. Nutr. Sci. Cambridge University Press, 6 
6:e49. doi: 10.1017/jns.2017.45

Minich, D. M. (2019, 2019). A review of the science of colorful, plant-based food and 
practical strategies for “eating the rainbow”. J. Nutr. Metab. 2019, 1–19. doi: 
10.1155/2019/2125070

Molag, M. (2010). Towards transparent development of food frequency questionnaires: 
Scientific basis of the Dutch FFQ-TOOL tm: A computer system to generate, apply and 
process FFQs. Wageningen University and Research, Wageningen, Netherlands.

Montagni, I., Prevot, F., Castro, Z., Goubel, B., Perrin, L., Oppert, J. M., et al. (2020). 
Using positive nudge to promote healthy eating at worksite: a food labeling intervention. 
J. Occup. Environ. Med. 62, e260–e266. doi: 10.1097/JOM.0000000000001861

Muthard, C., and Gilbertson, R. (2016). Stress Management in Young Adults: implications 
of mandala coloring on self-reported negative affect and psychophysiological response. Psi 
Chi J. Psychol. Res. 21, 16–28. doi: 10.24839/2164-8204.JN21.1.16

MyPlate | U.S. Department of Agriculture (n.d.). Available at: https://www.myplate.
gov/ (Accessed December 2, 2021).

Naessens, J. M., Stroebel, R. J., Finnie, D. M., Shah, N. D., Wagie, A. E., Litchy, W. J., 
et al. (2011). Effect of multiple chronic conditions among working-age adults. Am. J. 
Manag. Care 17, 118–122.

Naska, A., Lagiou, A., and Lagiou, P. (2017). Dietary assessment methods in 
epidemiological research: current state of the art and future prospects. F1000Research 
6, 926–928. doi: 10.12688/f1000research.10703.1

Nestle, M. (1993). Food lobbies, the food pyramid, and U.S. nutrition policy. Int. J. 
Health Serv. 23, 483–496. doi: 10.2190/32F2-2PFB-MEG7-8HPU

Nour, M., Chen, J., and Allman-Farinelli, M. (2019). Young adults’ engagement with 
a self-monitoring app for vegetable intake and the impact of social media and 
gamification: feasibility study. JMIR Format. Res. 3:e13324. doi: 10.2196/13324

Pan, S., Brouwer-Brolsma, Elske Maria, Ren, Xipei, Vos, Steven, Brombacher, Aarnout, 
Lucassen, Desiree A., et al. (2022) ‘Record or recall? Exploring self-reported dietary 
assessment methods for office workers during the COVID-19 work-from-home period’, 
in Nordic human-computer interaction conference, pp. 1–12.

Pan, S., Ren, Xipei, Vos, Steven, and Brombacher, Aarnout (2021) ‘Digital tools to 
promote healthy eating for working-age individuals: a scoping review’. in Symposium of 
Chinese CHI pp. 1–8. doi: 10.1145/3490355.3490356

Peng, W. (2009). Design and evaluation of a computer game to promote a healthy diet 
for young adults. Health Commun. Taylor & Francis 24, 115–127. doi: 
10.1080/10410230802676490

Piqueras-Fiszman, B., and Spence, C. (2014). Colour, pleasantness, and consumption 
behaviour within a meal. Appetite. Elsevier 75, 165–172. doi: 10.1016/j.appet.2014.01.004

Sanders, E. B.-N., and Stappers, P. J. (2014). Probes, toolkits and prototypes: three 
approaches to making in codesigning. CoDesign. Taylor & Francis 10, 5–14. doi: 
10.1080/15710882.2014.888183

Sellen, A. J., and Whittaker, S. (2010). Beyond total capture: a constructive critique of 
lifelogging. Commun. ACM. ACM New  York, NY, USA 53, 70–77. doi: 
10.1145/1735223.1735243

Sidor, A., and Rzymski, P. (2020). Dietary choices and habits during COVID-19 
lockdown: experience from Poland. Nutrients. Multidisciplinary Digital Publishing 
Institute 12:1657. doi: 10.3390/nu12061657

Spence, C. (2016). “The psychological effects of food colors,” in Handbook on natural 
pigments in food and beverages (Elsevier), Woodhead Publishing, 29–58.

Stich, E. (2016). “Food color and coloring food: quality, differentiation and regulatory 
requirements in the European Union and the United States” in Handbook on natural 
pigments in food and beverages (Elsevier Woodhead Publishing), 3–27.

Stuckey, H. L., and Nobel, J. (2010). The connection between art, healing, and public 
health: a review of current literature. Am. J. Public Health 100, 254–263. doi: 10.2105/
AJPH.2008.156497

Stuckey, H. L., and Tisdell, E. J. (2010). The role of creative expression in diabetes: an 
exploration into the meaning-making process. Qual. Health Res. 20, 42–56. doi: 
10.1177/1049732309355286

Sysoeva, E., Zusik, I., and Symonenko, O. (2017) ‘Food-to-person interaction: How to 
get information about what we  eat? Proceedings of the 2017 ACM Conference 
Companion Publication on Designing Interactive Systems, June 2017 pp. 106–110.

https://doi.org/10.3389/fpsyg.2023.1265218
https://www.frontiersin.org/journals/psychology
https://www.frontiersin.org
https://doi.org/10.1177/0963721418755385
https://doi.org/10.1371/journal.pone.0076723
https://doi.org/10.1177/154193120605000909
https://doi.org/10.1038/oby.2009.249
https://doi.org/10.1038/oby.2009.249
https://doi.org/10.1111/nbu.12376
https://doi.org/10.5888/pcd12.140410
https://doi.org/10.1016/j.jbi.2009.07.002
https://doi.org/10.1016/j.compind.2009.12.006
https://doi.org/10.1016/S2468-2667(18)30009-4
https://doi.org/10.1016/S2468-2667(18)30009-4
https://doi.org/10.1080/07370024.2016.1276456
https://doi.org/10.1037/0022-3514.92.1.1
https://doi.org/10.1108/NFS-07-2017-0141
https://doi.org/10.3791/62032
https://doi.org/10.1093/eurpub/ckr098
https://doi.org/10.3389/fpsyg.2018.00056
https://doi.org/10.1080/02701367.1989.10607413
https://doi.org/10.1037/cep0000170
https://doi.org/10.1017/jns.2017.45
https://doi.org/10.1155/2019/2125070
https://doi.org/10.1097/JOM.0000000000001861
https://doi.org/10.24839/2164-8204.JN21.1.16
https://www.myplate.gov/
https://www.myplate.gov/
https://doi.org/10.12688/f1000research.10703.1
https://doi.org/10.2190/32F2-2PFB-MEG7-8HPU
https://doi.org/10.2196/13324
https://doi.org/10.1145/3490355.3490356
https://doi.org/10.1080/10410230802676490
https://doi.org/10.1016/j.appet.2014.01.004
https://doi.org/10.1080/15710882.2014.888183
https://doi.org/10.1145/1735223.1735243
https://doi.org/10.3390/nu12061657
https://doi.org/10.2105/AJPH.2008.156497
https://doi.org/10.2105/AJPH.2008.156497
https://doi.org/10.1177/1049732309355286


Pan et al. 10.3389/fpsyg.2023.1265218

Frontiers in Psychology 18 frontiersin.org

Taylor, H. (2016) Are coloring books really just for kids? Investigating possible effects of 
specific pattern coloring on conceptual, physiological and behavioral aspects of anxiety. 
Scripps Senior Theses. 804.

Thomas, D. R. (2006). A general inductive approach for analyzing qualitative 
evaluation data. Am. J. Eval. 27, 237–246. doi: 10.1177/1098214005283748

Tracking for Health | Pew Research Center (n.d.). Available at: https://www.
pewresearch.org/internet/2013/01/28/tracking-for-health/ (Accessed October 5, 2022).

Turner-McGrievy, G. M., Wilcox, S., Kaczynski, A. T., Spruijt-Metz, D., Hutto, B. E., 
Muth, E. R., et al. (2016). Crowdsourcing for self-monitoring: using the traffic light diet 
and crowdsourcing to provide dietary feedback. Digital Health 2:205520761665721. doi: 
10.1177/2055207616657212

Turturro, N., and Drake, J. E. (2022). Does coloring reduce anxiety? Comparing the 
psychological and psychophysiological benefits of coloring versus drawing. Empir. Stud. 
Arts 40, 3–20. doi: 10.1177/0276237420923290

U.S. Department of Health and Human Services. (2005) Dietary guidelines for 
Americans 2005 Available at: http://www.health.gov/dietaryguidelines/dga2005/
document/default.htm

Ursell, A. (2007). Eat a rainbow to stay healthy. The Times, 2.

Van Kleek, M. G., Bernstein, Michael, Panovich, Katrina, and Vargas, Greg (2009) 
‘Note to self: examining personal information keeping in a lightweight note-taking tool’, 
in Proceedings of the SIGCHI conference on human factors in computing systems, 
Boston, MA pp. 1477–1480. doi: 10.21606/drs.2020.187

Wallace, N. (2020) ‘Thinking while drawing and drawing to think: exploring ‘reflective 
doodling’as a critical reflective practice in design for transitions’. in DRS International 
Conference 2020. doi: 10.2196/37026

Xi, J.-Z., Gao, Y.-H., Lyu, N., She, Z., Wang, X.-Y., Zhang, X.-A., et al. (2022). Let’s 
color: an online coloring game improves subjective well-being and reduces anxiety 
during the COVID-19 pandemic. JMIR Serious Games. doi: 10.2196/37026

https://doi.org/10.3389/fpsyg.2023.1265218
https://www.frontiersin.org/journals/psychology
https://www.frontiersin.org
https://doi.org/10.1177/1098214005283748
https://www.pewresearch.org/internet/2013/01/28/tracking-for-health/
https://www.pewresearch.org/internet/2013/01/28/tracking-for-health/
https://doi.org/10.1177/2055207616657212
https://doi.org/10.1177/0276237420923290
http://www.health.gov/dietaryguidelines/dga2005/document/default.htm
http://www.health.gov/dietaryguidelines/dga2005/document/default.htm
https://doi.org/10.21606/drs.2020.187
https://doi.org/10.2196/37026
https://doi.org/10.2196/37026

	NutriColoring: designing a doodling toolkit to support daily self-reported dietary assessment among office workers
	1 Introduction
	2 Related study
	2.1 Self-report for eating practice during office work
	2.2 Doodling as a self-reporting approach

	3 Design of the NutriColoring toolkit
	3.1 Key features of the design
	3.2 Design and development of the toolkits

	4 The study and method
	4.1 Participant
	4.2 Study procedure
	4.3 Measurements
	4.4 Data analysis
	4.4.1 Quantitative analysis
	4.4.2 Qualitative analysis

	5 Results
	5.1 Quantitative findings
	5.1.1 Workload
	5.1.2 Intrinsic motivation
	5.1.2.1 Interest/enjoyment
	5.1.2.2 Perceived competence
	5.1.2.3 Effort/importance
	5.1.2.4 Pressure/tension and value/usefulness
	5.2 Interview results
	5.2.1 NutriColoring
	5.2.2 NutriWriting
	5.2.3 Other findings
	5.2.3.1 Quantify intake in a simple way
	5.2.3.2 Eating goal and behavior change
	5.2.3.3 Hands-on coloring tasks within a hybrid working context

	6 Discussion
	6.1 Design implications
	6.1.1 Simple and interactive self-reporting tools without overburdening
	6.1.2 Challenges and social triggers for motivation and engagement
	6.1.3 Personalized and artistic achievement
	6.2 Limitations and future study

	7 Conclusion
	Data availability statement
	Ethics statement
	Author contributions

	References

