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ABSTRACT 
To provide a cardiovascular patient with a fitting diet or 
treatment, the nutritionist needs to have in-depth 
information and insight in the patient’s dietary pattern. To 
obtain this insight and information, the patient is instructed 
to record daily nutrition separately in a food journal for a 
specific period of time. This method of recording food can 
be time-consuming and might tempt the patients in not 
writing down their consumption in real time. Instead, 
patients will have the tendency to write down all 
consumption at once. Backlogging might result in 
forgetting food intake during the day. Backlogging is 
problematic for dietary assessment, since the overview 
obtained will be inaccurate or incomplete. The research 
conducted aimed to design a tool that allows accurate 
dietary assessment, by lowering the threshold for self-
recording daily nutrition. The conducted research resulted 
in the design of Foodsi. Foodsi is a toolkit that effortlessly 
assists cardiovascular patients in recording their food intake 
by utilizing a clicker and a printer. According to 
nutritionists, Foodsi is considered valuable and can be 
further enhanced by embedding all aspects of accurate 
dietary assessment 
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INTRODUCTION 
Globally, cardiovascular diseases are the primary cause of 
death. More people die annually from cardiovascular 
diseases than from any other cause [1]. In the Netherlands, 
cardiovascular diseases are responsible for about 27,2% of 
all deaths [2]. Risk markers that are proven and putative for 
cardiovascular diseases include obesity and diet [3, 4].  

Having insufficient knowledge about food increases these 
risks. Literature states than an increase of food knowledge 
is significantly associated with a healthy eating pattern. 
From the corresponding research, participants with the 

highest knowledge about food were 25 times more likely to 
meet current recommendations for fruit, vegetable and fat 
intake than those with the lowest knowledge. This indicates 
that knowledge is an important factor in explaining 
variations in food choice [5].  

To acquire dietary knowledge, patients are recommended to 
visit a nutritionist [6, 7]. To identify eating patterns various 
methods of dietary assessment can be conducted. One of 
these methods is the food journal.  This method instructs 
the patient to fill in a food journal for a specific period of 
time. Within this journal, the time of food intake, the type 
of food intake and the amount of food intake should be 
recorded [8]. However, this method can create a hassle for 
patients, since patients have the tendency to not record their 
food intake real time. This is caused by lengthy time-
consumption and, without constant observation, the 
possibility to not record actually consumed food [9]. 
Instead, most patients write down all their consumed food 
at once [10].  This phenomena is known as backlogging [8]. 
Backlogging results in reducing the accuracy of recalling 
food intake, since the patient is relying on his or her 
memory. This can be influenced by reasons related to 
embarrassment to admit, complex to record or the patient is 
too busy [11].  Also, most patients have the tendency to 
underestimate their food intake compared with the observed 
intake by about 10 per cent [12]. This creates an inaccurate 
or incomplete overview of the daily nutrition intake and 
disturbs the nutritionist from providing an optimal 
treatment [13].  

To improve the method of dietary assessment, research was 
conducted to acquire more knowledge and understanding in 
current dietary assessment methods. This insight was 
acquired by the first study of this paper in which a food 
journal was designed in which food intake was recorded 
and healthiness of this intake was assessed simultaneously. 
The results confirmed that the participants do not have a 
realistic view on the healthiness of their nutrition and that 



admitting to backlogging which caused incomplete 
information.  

Foodsi is designed to provide the nutritionist a more 
accurate overview of the times of the patient’s food intake. 
Foodsi is a toolkit that effortlessly assists cardiovascular 
patients in recording their food intake and creates a more 
accurate overview for the nutritionist. To record the 
patient’s food intake a clicker is provided that should be 
clicked whenever food is consumed.  At the end of the day, 
the provided printer will print a receipt with timestamps 
that should be filled in with the food intake accordingly. All 
receipts will be stored in a booklet, which the patient will 
bring to the appointment with the nutritionist. The booklet 
will display more accurate data on the food pattern and will 
result in an improved overview for the nutritionist and, in 
turn, better knowledge and treatment for the patient. 

METHOD 
In the first study a food journal was designed to acquire 
insight in whether the participants have a realistic view on 
the healthiness of their diet. The conclusions from this 
study resulted in the design of Foodsi, which is elaborated 
in the second study. In the third study, Foodsi was validated 
by a nutritionist.  

Study 1: Food journal 

Goal 
The goal of this research was to find out whether people 
have a realistic view on their diet. The experiment was 
conducted by a test group of fifteen participants (living in 
the Netherlands, 6 women, 9 men aged between 14-81 
years, with an average age of 33.6  and median aged 22). 

Method and material 
The participants were instructed to record their food intake 
in a food journal for a week. The design of the journal 
allows the participants to record their food intake and 
simultaneously rank the food’s healthiness. (fig 1) Green 
represents “healthy food within its category”, orange 
represents “medium healthy food within its category” and 
red represents “unhealthy food within its category”. The 
ranking scheme and design was validated with S.H.M. 
Crooymans, Nutritionist ETZ Tilburg by interviewing the 
idea [14]. After validation the data collected was analyzed 
by qualitative and quantitative analysis. Quantitative data 
consist of the filled in schemas and was compared to the 
ranking scheme from “Voedingscentrum” [15]. Qualitative 
data consists of comments and was collected by means of 
an interview that was analyzed afterwards.  

 

 
Figure 1. Design of the food journal. 

Results 
To collect results the food journal was validated by the 
nutritionist. The nutritionist stated: “I think this is very 
good, because this really triggers awareness. You now have 
a better idea whether people have the right knowledge 
about nutrition” [14]. 

 

 
Figure 2. The average difference between the self-judged 
healthiness of food intake and Voedingscentrum’s value. 

 
Figure 3. Frequency distribution of average differences green, 
orange and red self-assessed compared to Voedingscentrum. 



Figure 2 and 3 display the results from the quantitative 
research.  Both pie charts (Figure 2) and the histogram 
(Figure 3) show that people mismatch the ranking of their 
food intake in comparison to the assessment of 
Voedingscentrum.  

A positive red number indicates that a participant eats more 
unhealthy than self-assessed, because the number of ‘red’ 
items consumed increases. This applies to 14 out 15 
participants. There are no negative red numbers, since no 
participants assessed their diet less unhealthy than it 
actually was. A positive green number indicates that a 
participant eats healthier than self-assessed, because the 
number of ‘green’ items consumed increases. This applies 
to 2 out of 15 participants. A negative green number 
indicates that a participant eats less healthy than self-
assessed, because the number of ‘green’ items consumed 
decreases. This applies to 4 out of 15 participants. A zero 
sequence indicates that a participant’s self-assessment 
corresponds with Voedingscentrum assessment. The 
‘orange’ items vary in distribution. 

Based on the interviews conducted insight was given in the 
difficulties the participants encountered during the 
experiment. According to the feedback 3 out of the 15 
participants reported that they had lost their booklet 
temporarily. 7 out of the 15 participants did not record their 
food intake real time and one of the participants reported 
that “I filled it in at the end of the day”. Furthermore one of 
the participants stated that “It was confronting to see what I 
eat during the day and became more self-conscious about 
whether I should eat something or not”. To improve this 
method two participants suggested an app, since it was 
considered more “modern”.  

Findings 
Due to the limited amount of participants, the results do not 
meet statistical power. However, through interpreting the 
non-significant results, this study did provide new 
understandings in using this method of self-recording. The 
quantitative data provided insight in how the participants 
rank their own food intake and how this mismatches 
between the correct ranking from Voedingscentrum. 
Fourteen out of the fifteen participants underestimated their 
unhealthy eating and overestimated their healthy eating, 
which results in an inaccurate view on their daily nutrition. 
In contrast, only one participant’s assessment did 
correspond with Voedingscentrum’s assessment. This 
provides opportunities to design a tool that could assist 93 
percent of the participants in acquiring more knowledge to 
assess their food intake.  

The qualitative data provided understanding in the 
difficulties encountered when executing this method. Most 
patients apply backlogging that causes lack of important 
details, because of the time and effort to self-record their 
food intake. Some patients confirmed that they forgot or 
intentionally not write down snacks.  

Study 2: Prototype 

Goal 
The goal of the second research was to take the insights 
from the first study further to develop a dietary assessment 
tool that lowers the threshold for self-recording food to 
create a more accurate overview of the patient’s food 
intake.  

Method and material 
The prototype designed is a toolkit that consists of a clicker 
and printer. In the clicker a NODEMCU V2, LED, push-
button, power bank (2000mAh and USB 2.0 connection), a 
SparkFun microSD Transflash Breakout and microSD card 
were integrated. The elements are enclosed in a 3D-printed 
PLA housing (Figure 4). The printer is a thermal printer 
type com-10438 connected to an Arduino UNO that is 
enclosed in laser cut multiplex box. To connect the printer 
and clicker, data should be send to and collected from the 
platform ThingSpeak [16]. Design decisions were focused 
on the aspects touched upon in the first study: forgetting or 
losing the tool, time consumption, backlogging and 
accurate data collection.   

 
Figure 4. Working model of the clicker. 

First of all, the tool developed should be portable and easily 
accessible for the patient. The device could be an app or a 
physical object. Literature research recommends the use of 
physical objects, since physical actions create involvement, 
activeness and interest in learning [17]. Also, a device 
should be developed that should be compact and attachable 
to the body by form explorations.  

Secondly, the tool developed should address the issue of 
time limitations, since the patient can be ‘too busy’ or takes 
too much time to record according to literature and study 1. 
Therefore, design decisions were focused on how to collect 
required data in the least amount of time. These decisions 
were based on finding alternatives for writing down, to 
lower the threshold for the patient by saving time.   

Thirdly, the tool developed should address the issue of 
backlogging. Therefore, design decisions were focused on 



the accessibility of the tool during the day. To avoid the 
possibility of backlogging the design should create a one-
time only opportunity to record real-time. Fourth, the tool 
developed should be able to collect accurate data. 
Therefore, an inventory was made on which data should be 
collected from the food intake - the time, the amount and 
the type of the food intake. The design decisions then 
focused on what data could be collected real-time and with 
the least amount of time-consumption.  

Results 
Within the method of the second study design alternatives 
were discussed and design decisions were made. First of all, 
a clicker was designed that meets the requirements of 
portability, accessibility and attachment to clothing. 
Secondly, clicking when consuming food and recording 
once at the end of the day was considered to be lowest in 
threshold and least time-consuming. Thirdly, the designed 
clicker is easily accessible any time during to encourage 
real-time recording. Lastly, timestamps will be stored to 
remind the patient of their daily food intakes and provide 
them with a more accurate overview.  

Findings  
The design decisions resulted in the toolkit Foodsi (Figure 
5). Foodsi effortlessly assists patients in recording their 
food intake and provides an overview and insights in their 
diet for their nutritionist. The toolkit will be provided by the 
nutritionist and consists of a clicker and small printer. For a 
certain period of time the patient will use this toolkit to 
record his or her daily food intake (or any specific food 
intake if required). The clicker is portable and present with 
the patient at all times to allow clicking on the device when 
consuming food. The time stamp for eating will be stored 
on the SD card that is later read by the printer (this is not 
yet been technically feasible, but data is provided manually 
to the printer in a file). At the end of the day, the printer 
will print a receipt on which all the time stamps and lines to 
fill in the food intake will be listed. To create an overview, 
the receipts will be stored in a booklet and brought to the 
nutritionist at appointment.  

To save time executing a method for recording one’s food 
intake this method compares the current time spent 
recording with the food journal. This stated that time is 
spent on filling in the time of food intake, the type of food 
intake and the amount of food intake. By only clicking, 
timestamps will be remembered and  do not have to be 
written down and only the type of food should be filled in at 
one specific moment during the day. 

Study 3: Interview 

Goal 
The goal of the third study was to validate the designed 
toolkit with S.H.M Crooymans, a nutritionist at  ETZ 
Tilburg, to determine the valuable aspects of this method 
and whether it would or could assist nutritionists in their 
practice.  

 

 
Figure 5. The toolkit Foodsi, consisting of a clicker, printer 

and booklet. 

Method and Material 
To validate the toolkit Foodsi the prototype was presented 
and discussed with  S.H.M. Crooymans. Also, a small video 
explaining the concept was displayed on a laptop. The 
entire interview was conducted in her office at ETZ 
Tilburg. During this interview feedback was asked on the 
prototype and the results of study one and two were 
discussed by asking in-depth questions.  

Results  
Based on the interview the feedback from the nutritionist 
was positive. She verified that patients would become more 
conscious about how often they eat during the day and that 
those ‘forgotten eating moments’ would be recorded [18]. 
Also, by using Foodsi the patient’s self-consciousness will 
be enhanced. For example patients might become more 
aware of the number of food intakes by the length of the 
receipt. The timestamps S.H.M considered to efficient, 
since they might remind the patient about forgotten food 
intakes [18]. 

During the interview S.H.M. Crooymans provided three 
suggestions to further improve the concept of Foodsi. First 
of all, by using Foodsi there is still the possibility to forget 
food intake during the day, which is not desirable for 
dietary assessment. To prevent gaps in the patient’s 
overview S.H.M Crooymans proposed the use of a camera 
or scanner in the device. By using a camera or scanner more 
information about what the patient eats at a specific time 
could be more easily accessible, without patients having to 
remember it or writing it down. Secondly, the patients 
should be instructed on the use of the toolkit and ,therefore, 
a manual should be provided. This way patients use the 



toolkit correctly, which will provide more accurate data and 
,thus, more detailed information about the patient’s diet. 
Lastly, S.H.M. Crooymans suggested to add the function of 
measuring portion sizes. “There is this thought among 
people that as long as what you’re eating is healthy, you can 
eat an unlimited amount of this food, but that is not right” 
S.H.M Crooymans explained [18].  

Findings 
The interview confirmed valuable aspects of the designed 
toolkit Foodsi. Also, the suggestions provided new 
perspectives on how to improve the design and its 
functions. Storing and listing timestamps on a receipt is a 
small step towards creating a complete overview. However, 
data about the amount of food and the type of food are 
required to finalize a dietary self-recording device.  

CONCLUSION 
The results from the first study provide evidence that 93 per 
cent of the participants have an inaccurate view on their 
daily nutrition. Also, the qualitative data provides evidence 
that participants encountered difficulties when executing 
the designed food journal. When executing this method, a 
number of the participants gave in to backlogging. This 
resulted in an inaccurate overview since important details 
were absent or food intake was forgotten to record entirely. 
To overcome the issue of an incomplete overview, the 
design tool should allow real-time recording in an effortless 
and time-saving way. To meet these requirements various 
design alternatives were considered. This resulted in the 
final decision for a clicker to record the patient’s time of 
food intake. This way of self-recording could be considered 
accessible, time-saving, portable and allows a one-time 
only opportunity to record real-time. In combination with a 
printer, the clicker provides the nutritionist with a more 
accurate overview of the patient’s daily nutrition. The entire 
toolkit is called Foodsi and will assist nutritionists in 
providing cardiovascular patients with a better treatment or 
more knowledge according to their self-recorded diet. 
According to the nutritionist S.H.M. Crooymans this toolkit 
embeds multiple valuable aspects including accurate time 
indication of patients’ food intakes. To enhance the 
functionality of Foodsi, functions to both record the type of 
food and the amount of food should be included. To 
conclude, Foodsi’s functionality holds many opportunities 
to be further explored by adding functionalities and allow 
user and expert involvement. 

DISCUSSION  
Within this section each individual study is discussed.  

Within the first study the results were non-significant, since 
the test group was too small. The variety in age of 
participants was deliberately decided to acquire more 
insight in the difference in nutrition between certain age 
categories. However, the median age of this test group was 
22, which shows that the variety was not evenly distributed 
between all age categories. Also, cardiovascular patients, 
who are mostly over sixty, did not participate in this study, 

since they are familiar with the food diary and have 
obtained a further stage in unhealthy eating that has caused 
their condition. However, both decisions for deciding 
participants could have influenced the results collected.  

Moreover, the ranking scheme from Voedingscentrum did 
not provide complete information on every food choice 
from the participants. Also, descriptions of consumed food 
from the participants were sometimes incomplete or lacking 
details. This resulted in subjectively estimating about 5 
percent of the recorded food that could have influenced the 
results from study one.    

Finally, the liability of the ranking scheme provided by 
Voedingscentrum could be questioned. According to 
Rijksoverheid,  a Dutch governmental institution: 
“Voedingscentrum gives scientific and liable information 
about healthy and safe nutrition” [19]. Therefore 
Voedingscentrum claims to get 100 per cent of their 
funding from subsidy from the government. According to 
Voedingscentrum:  “We do not take money from 
companies. Therefore, we can provide useful information 
without commercial interest” [20]. Scientists from 
universities who execute research for Voedingscentrum are 
often paid by their universities. However, funds, 
foundations and commercial companies can be asked for 
funding these researchers [21]. This might imply the 
presence of biased companies involved in the studies from 
Voedingscentrum. This questioned objectivity might have 
influenced the results from study one.  

Within the second study some of the design decisions could 
be questioned whether there are alternatives or contribute to 
designing a tool with a lower threshold and a more accurate 
view. First of all, the clicker was required to be compact 
and attachable to clothing. However, the technology 
integrated resulted in expanding the object and making the 
clicking oversized. Therefore, the size of the clicker would 
have influenced the experience of user testing and would 
have influenced the level of the clicker’s threshold. Also, 
alternatives on self-recording should have been further 
explored. For example, by the use of a camera or a weight 
to also record the amount of food and the type of food. This 
would result in a more complete overview. Lastly, the 
problem of forgetting to record food intake or deliberately 
deciding to not record food intake will not be prevented by 
the use of Foodsi. However, the one-time only opportunity 
might insist the patient to record real-time. By not recording 
real-time the overview will display abnormalities or gaps in 
the recorded data. Without the patient’s active participation 
none of the dietary assessment methods will provide an 
accurate overview.  

Within the third study the validation of the designed toolkit 
was conducted by one expert. The feedback S.H.M. 
Crooymans provided allowed new insights on how to 
improve the concept. More feedback could be collected by 
interviewing and discussing with stakeholders with 
different perspectives including patients and nutritionist. 



This would allow the toolkit to better respond to the needs 
and preferences of various stakeholders. The design of 
Foods aimed to provide an accurate overview. However, 
since backlogging or forgetting food intake will not be 
completely prevented, gaps will occur and an incomplete 
overview is provided. To overcome this issue functions 
could be integrated  in the clicker, for example by a camera 
to identify the type of food intake or a small scale to 
measure the portion size. This would result in a more 
accurate and complete overview.  

Future steps focus on obtaining a complete overview for the 
nutritionist. A complete overview will be created by 
including all three aspects of the food intake, namely what 
the patient consumes, the amount the patient consumes and 
what time the patient consumes, whilst simultaneously 
designing a tool in which the threshold is lowest for the 
patient. 
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