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ABSTRACT

We investigate the use of a miniaturized Near-Infrared Spectroscopy
(NIRS) device in an assisted decision-making task. We consider the
real-world scenario of determining whether food contains gluten,
and we investigate how end-users interact with our NIRS detection
device to ultimately make this judgment. In particular, we explore the
effects of different nutrition labels and representations of confidence
on participants’ perception and trust. Our results show that partic-
ipants tend to be conservative in their judgment and are willing to
trust the device in the absence of understandable label information.
We further identify strategies to increase user trust in the system.
Our work contributes to the growing body of knowledge on how
NIRS can be mass-appropriated for everyday sensing tasks, and how
to enhance the trustworthiness of assisted decision-making systems.
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+ Human-centered computing — Empirical studies in HCI;
Empirical studies in ubiquitous and mobile computing; Ubig-
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1 INTRODUCTION

The increasing availability of mobile and ubiquitous computing ser-
vices has given rise to a wide range of applications that can assist
people with their everyday decision-making [3, 7]. Previous work on
assisted decision-making has primarily focused on assisting experts,
particularly in healthcare, in clinical diagnosis [19] and treatment
[54]. In this paper we consider an important everyday scenario with
non-expert users that has not been widely considered before - the
use of mobile sensing to help identify food allergens, and specifically
gluten.

We wish to explore design considerations in assisted decision-
making systems concerning object identification scenarios, which
remain under-explored from a Human-Computer Interaction per-
spective. This includes, inter alia, the usability of new technologies to
assist in decision-making, as well as the presentation of uncertainty
quantification [6] with artificial intelligence (AI) based approaches.
Existing work shows that various factors can affect decision-making
and end-users’ trust across different stages of the interaction process
[42], such as end-users’ tacit knowledge [58] and user interface de-
sign [13]. While it is critical to consider these factors when designing
an assisted decision-making system, few studies have done so in
daily-life decision-making tasks using novel technologies.

Here we focus on ingredient detection, which can be a crucial
everyday decision-making task. For instance, gluten labeling regu-
lations vary considerably between countries. In the United States,
neither gluten-free labeling nor gluten-contained labeling is manda-
tory (it is mandatory to label wheat that is one of the main sources of
gluten) [73]; conversely in countries like Australia, it is mandatory to
label gluten as an allergen on the package [80]. Hence, it is possible
that consumers might not be able to acquire sufficient information
from package labels, while also a lot of fresh product tend to be sold
without packaging.
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In this paper, we present a user study on assisted decision-making
using a miniaturized near-infrared spectroscopy (NIRS) scanner —
an emerging, but not yet widely known mobile technology. Recent
studies in the HCI community demonstrate that miniaturized NIRS
can be used in a variety of settings such as identifying pills [44] and
the probing of ingredients in foods and beverages [37, 45, 52]. In our
study, we assess three factors that may affect people’s use of this new
technology: decision accuracy, time usage, and perceived trust in the
technology. We ask participants to complete the task using a fully
functional NIRS setup which is highly realistic, and representative
of NIRS-capable services that may become prevalent in the future.
Our fully functional NIRS system can be used to detect ingredients,
and it this study we focus solely on gluten detection as a task that is
familiar to people while the technology is not. It is expected that in
the future such services will facilitate allergen detection, and more
broadly ingredient detection.

We present a 3x3 mixed within-between subject user study with
36 participants in a gluten detection task with 18 different tortilla
wraps. We consider three different package labeling conditions as the
between-subjects factor to avoid learning effects: 1) Gluten informa-
tion is available and understandable for the end-user (with English
labels); 2) Gluten information is available but not understandable for
the end-user (with foreign language labels); 3) Gluten information
is not available. We also consider different visualization methods
to display the confidence of the device’s suggestions as needed in
practice [6] as a within-subjects factor. This enables us to better
understand the effects of visualization on end-users’ time usage for
decision-making.

To summarize, this paper makes three key contributions:

e We provide a rich account of how a novel technology, minia-
turized NIRS, can assist in situ decision-making in a daily-life
scenario — identifying gluten in a consumer product.

o We identify multiple factors that can affect user’s efforts, in
particular time usage, as well as trust towards this new tech-
nology.

o We highlight the implications of our findings regarding users’
trust towards new technologies in everyday assisted decision-
making scenarios. We also propose strategies that can en-
hance users’ trust when designing an assisted decision-making
system for daily usage.

2 RELATED WORK

We first summarize existing work focusing on how technology can
be used to assist humans in decision-making in various professional
scenarios such as health care and business, as well as recent work
on interaction design for decision-making tools. As an extension of
professional scenarios, in this paper, we focus on daily-life decision-
making tasks for object identification tasks. In particular, we sum-
marize the use of miniaturized NIRS, which has broad applications
not only in industry (e.g., food monitoring), but also for consumers,
for example through allergen detection (e.g., gluten, peanuts).

2.1 Assisted Decision-Making Methods

A wide range of studies have explored the topic of assisted decision-
making. Of particular interest has been the use of machine learning-
based systems, which have been considered in different disciplines
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[62]. For instance, Bashir et al. present a medical decision support
application (IntelliHealth) to assist in medical decision-making tasks,
such as predicting diseases including heart diseases, breast cancer,
diabetes, and liver disease [5]. Later, De Fauw et al. demonstrate a
deep learning method to make referral recommendations for sight-
threatening retinal diseases, achieving comparable or even better
performance as compared to human experts [19]. Other studies also
show that the machine learning methods can significantly assist
medical decision-making in a number of different tasks (see [3]).

The effectiveness of different assisted decision-making systems
has also been shown in other fields. For example, in business stud-
ies, Bilel et al. highlight that information systems can greatly im-
prove decision-making and strategies in companies [7]. Similarly,
Bohanec et al. present an intelligent system that allows users to create
a sales prediction model to assist decision-making for the business
environment [8]. Highlighting an application targeted on daily life
among a wide group of end-users, Wences et al. demonstrate a mo-
bile application that provides real-time transportation information
aimed to assist passengers in arranging their journeys [76].

Nevertheless, most studies focus on expert scenarios including
medical decisions and business. In this paper, we extend the works on
assisted decision-making to in situ scenarios in daily life to further
understand end-users’ considerations on decision-making using
novel technologies.

2.2 Interaction Design for Decision-Making

In addition to technological developments focused on decision-
making, a substantial number of studies have focused on the in-
teraction between a decision-making support tool and the end-user.
For instance, Rau et al. present an interactive social robot to pro-
vide recommendations on several decision-making tasks (such as
selecting items to carry). The authors find that highly autonomic
robots have more influence on human decision-making than robots
with a low level of autonomy [64]. Furthermore, for multi-people
decision-making tasks, Tong et al. show a multi-surface environment
(Pickit) tool for supporting collaborative decision-making activities
such as learning activities [74].

Moreover, existing works show that users may encounter “algo-
rithm aversion” — where users stop trusting machines after seeing
mistakes [20], or “automation bias” — where users over-rely on the
machine’s decision [17]. To alleviate this issue, a trust calibration
process may be required to help users develop a mental model of
the machine’s error boundaries. For example, Zhang et al. show that
displaying confidence scores can help calibrate people’s trust in an
Al-assisted decision-making model, which can help human experts
apply their knowledge to improve final decision outcomes [82]. Fur-
thermore, Okamura et al. present an adaptive trust calibration to
avoid users to “overtrust” the machine [59, 60]. Specifically, authors
proposed a “trust calibration cues” framework to detect inappropri-
ate calibration status by monitoring users’ reliance behavior and
cognitive clues to reinitiate trust calibration. However, trust cali-
bration may not be sufficient to improve performance of assisted
decision-making. It is important that the users have enough domain
knowledge with comparable performance to complement machine’s
errors (e.g., machines may make mistakes in some specific cases
while human experts may not) [82]. Therefore, it is not practical to
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adopt trust calibration to our study, as we focus on general users
instead of knowledgeable experts.

Nevertheless, with increasingly prevalent tools and studies for as-
sisting decision-making tasks, there are still some challenges remain
in interaction design, such as information visualization. Existing
work suggests thatinformation visualization may signi cantly a ect
users'trust, their willingness to rely on and use the digital informa-
tion, as well as their decision accurac§], 81]. In particular, infor-
mation regarding uncertainty is considered as one major factor in
health care related decision-making scenari8§][ which may also
impact user trust p, 13 42 53. For example, Antifakost al found
that displaying the con dence level of presented information has
a positive e ect on user trust?]. However, the increase in user trust
does not necessarily lead to an improvement of the nal outcome.
Rukzioet al demonstrated that users were more error prone and
took a longer time to trust the results when the con dence was being
displayed p7. Moreover, Konget al found that a misalignment
between the information visualization and the title text in uences
credibility of digital information [47].

Aligned with the ndings above, prior literature also suggests to
take into account the visual design of interface elemerit§ 43 65.

For instance, Fernandeg al show that a quantile droplets visu-
alization method can signi cantly improve the decision-making
quality on a bus-transit taskZ€f]. Moreover, Zhowet al shows that
presenting uncertainty to users can increase users' trust when their
cognitive load is low BJ. In this study, we explore the e ect of
visualization design in particular on time usage for the users in
relation to assisted decision-making using miniaturized NIRS.

2.3 NIRS and Its Applications

Our study focuses on the use of NIRS to assist in decision-making in
daily life. NIRS technology enables users to perform a high-quality
ingredient assessment and identi cation of everyday objects. NIRS
emits near-infrared light into a sample and measures the absorbance
of the light at various wavelengths, thus allowing for ingredient
identi cations [9]. Therefore, NIRS is an inherently useful technol-
ogy across many di erent elds including pharmaceutical&?,
health care g, food industry [21] and other elds. In this paper, we
consider the applications on allergen detection and food monitoring
using NIRS.

2.3.1 Allergen Detectio8ince food allergens may cause signi -
cant health risks, it is useful to be able to identify their presence.
Existing studies demonstrate NIRS as an e cient method for such
atask. For example, Mishi al successfully detected peanut traces
in wheat ours using NIRS 5. Furthermore, Radwt al reported
100% accuracy on detecting food allergens in 50 di erent powdered
food materials using NIRS [63].

Most relevant to our work, Bruun and colleagues used NIRS to
detect changes in gluten levels in complex gluten protein struc-
tures [11, 17. The authors used two methods to alternate gluten
levels in samples: 1) increasing the water content, and 2) heat treat-
ment. They found that the structural changes in gluten proteins were
well captured with the NIR spectra [11, 12].

However, existing studies were limited to laboratory settings
with either powdered or hydrated materials that cannot be directly
applied to everyday scenarios. In this study, we detect presence of
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gluten in tortilla wraps, which is an everyday consumer product that
can be analyzeih situ.

2.3.2 Food Monitorindgesides allergen detection in food, NIRS
has also been used in food monitoring in genera#]. For example,
NIRS has previously been used to monitor grain qualigy, protein
and moisture content)§1], meat [31], fruits [ 14, 23 2§, and dairy
products [41].

Moreover, NIRS has been used not only for controlling food qual-
ity, but also for determining food contenty. For instance, Isaks-
sonet al used NIRS to determine fat, moisture, and protein contents
in sh[ 35, and ground beef34. The authors used multiple linear
regression as the calibration method and reached prediction errors of
0:73 1:50%or fat,0:75 1:33%or moisture, and:23 0:32%or pro-
tein detection; however, their sample size was relatively small [34].

Furthermore, Kawanet al used NIRS to detect sugar levels in
peaches4( and mandarins B9, with prediction errors of0:50Brix
and0:32°Brix, respectively. Not only the content but also freshness
of fruits has been examined using NIRS. For instance, G
used NIRS to detect if '‘Braeburn' apples were undergoing internal
browning [14]. The authors demonstrate that NIRS can successfully
be used to sort apples; hence, reduce food waste in retdjl Prior
research has also shown that NIRS can be used to determine the com-
ponents of di erent grains BZJ. Maertenset al measured the protein
levels in crop yield and achieve@l57%standard cross-validation
error in protein prediction [51].

In addition to the use cases reporting professional NIRS methods,
recent works in the HCI community show a great potential of intro-
ducing miniaturized NIRS in everyday decision-making tasks, in-
cluding the aforementioned pill identi cation task44] that can also
be applied to food monitoring tasks, alcohol concentration estima-
tion [54 and beverage identi cation tasksyg 37]. These examples
highlight the potential of NIRS being widely used by non-experts
in the near future [44, 46].

While the majority of existing literature involves NIRS used by
either domain experts or as part of an automated control system,
we focus on exploring the use of NIRS by non-experts in everyday
settings, and particularly on understanding design considerations
for assisted decision-making in object identi cation tasks.

3 METHOD

We design a study to assess users' trust towards NIRS and investi-
gate how they interact with the system in the context of everyday
decision-making. Our experiments focus on the use of NIRS to detect
gluten in tortilla wraps.

3.1 Experimental Setup

The experimental setup is shown in Figure 1. We designed and fab-
ricated a 3D printed case for a miniaturized NIRS scanner (Texas
Instruments DLP NIRscan Nano) with a sample platform for holding
wraps. The wrap can be placed on top of the scanner to retrieve
a NIRS spectrum of its composition and identify gluten presence.
The scanner is connected via Bluetooth to a smartphone (OnePlus
6) and controlled by our custom-built Android app. The Android
app retrieves the NIRS spectrum from the scanner, and sends it (via
WiFi) to our Django server running on a laptop. The server pro-
cesses the spectrum and used machine learning to estimate whether
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