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Swedish Abstract
Trots att det är repetitivt att handla i butik så anses det allmänt vara en vital del av vardagen.
Det är vanligt förekommande att inköpslistor skrivs ner på ett paper eller på en mobiltelefon,
men även att memorera inköpslistor är vanligt förekommande. Att memorera en inköpslista
är dock svårt, och det är ofta viktigt att skriva ner varor som behöver införskaffas, så fort
behovet att köpa varorna uppstår. Några metoder har tagits fram för att lösa detta problem,
men de flesta av dessa metoder är till för att användas på mobiltelefoner och fokuserar främst
på att lägga till funktioner för att skapa avancerade inköpslistor, istället för att tillåta
skapandet av listor i realtid. Framförallt så kan de existerande systemen för att skapa
inköpslistor inte registrera varor och tillfredsställa användarens andra behov, utan att
användarens pågående aktiviteter påverkas. I denna studie presenteras en ny lösning kallad
AR Shopping List baserad på Augmented Reality (AR). Det är en applikation för smarta
glasögon som tillåter användare att lägga till varor när som helst och var som helst, med
godtyckligt format (bilder, videor och text genererad med rösten). Vi genomförde
semistrukturerade intervjuer där tolv deltagare i åldrarna 20 till 30 år, fick prova på att
använda AR Shopping List applikationen på en Microsoft HoloLens (första generationen).
Våra intervjuer visar att AR Shopping List kan skapa inköpslistor i realtid, utan att
användarna behöver använda en fysisk enhet. De visar även potentialen som applikationen
har för att minska antalet tillfällen där varor som behöver köpas in glöms bort, samt
potentialen för mer riktade inköp. Dessutom belyser denna rapport designen för framtida
applikationer till smarta glasögon för att underlätta skapandet av inköpslistor, bygga upp nya
minnesvanor, och för att utöka det aktiva minnet.
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ABSTRACT
UPDATED—January 18, 2022. It is widely considered that
in-store shopping is a repetitive yet vital activity in human
life. People are accustomed to making shopping lists on a
piece of paper or on their mobile phones, or more commonly,
memorizing the list in their minds. However, people tend to
forget the items they want to buy if they cannot write them
down immediately when they have the shopping demand, let
alone keeping the list in their minds. Some work has started to
help people resolve this problem, yet most of them are based
on smartphones and are focused on riching add-on functions
of the shopping list applications instead of allowing real-time
recording. Namely, these existing shopping-list systems can-
not let people record items and satisfy their information needs
while minimizing the intervention to their ongoing activities.
In this study, a new Augmented Reality (AR) solution named
AR Shopping List was proposed. It is a smart-glasses appli-
cation that allows users to add items at any time and place
and with arbitrary input formats (photos, videos, and voice to
text). We conducted semi-structured interviews with twelve
participants aged from 20 to 30 by letting them experience
the AR Shopping List app themselves on Microsoft HoloLens
(1st gen). Our interviews reveal that the AR Shopping List
realizes real-time recording, and therefore releases people’s
hands from touching a physical device when making a list. It
also shows the app’s potential in helping people reduce the op-
portunity of forgetting something to buy, as well as shopping
more targeted. Furthermore, this research sheds light on future
designs on smart-glasses applications for assisting people in
recording and remembering items, building a new memorizing
habit, and further functioning as people’s working memory
expansion.

Author Keywords
Shopping list; smart glasses; optical head-mounted displays;
augmented reality; memory expansion.

CCS Concepts
•Human-centered computing → Human computer inter-
action (HCI); Usability testing; User studies;

INTRODUCTION
There is a growing interest in building shopping lists with
advanced technologies as the value of pre-planned in-store

shopping begins to be recognized by researchers. In-store
shopping is considered as one kind of “scripted behaviour”,
the basis for many repetitive and daily tasks [56]. It also con-
sists of one of the largest household expenditures. Studies
have shown that out-of-store planning with a shopping list
is useful in reducing the time spent in a store and expenses
[55]. In contrast, shoppers without a determined goal are more
likely to shop impulsively and make unplanned purchases.
Moreover, since in-store shopping is confirmed to be stressful
with the time factor as one of the dominant causes [4], making
a shopping list can effectively diminish shopping stress by
cutting down the shopping time. Despite the importance of
a pre-planned shopping list, the task of creating and manag-
ing shopping lists is usually undervalued since the effort and
time devoted is unseen and unrealized. Besides, creating the
shopping list itself seems to be troublesome. There exist few
published studies on the inconvenience for shoppers to create
shopping lists, yet some reasons can still be inferred from
empirical knowledge. The time opportunity and the place
occasion where people are located may represent two main
causes. For example, people may be answering a phone or
walking on a street when they come across something they
want to buy, but apparently, they are not able to add items
to the lists at that time. Later, however, they may even not
remember that item at all.

With the development of mobile technology and the increas-
ing availability of smartphones, a good bunch of research on
shopping lists has been based on mobile-assisted technologies.
There has existed various categories of mobile shopping lists
or shopping-list related applications. E.g., the hybrid shop-
ping list [24], the smart/intelligent shopping list [23, 33], the
multimodal shopping list [26], and the grocery retrieval sys-
tem [39]. These applications and research implemented basic
functions of shopping lists such as adding/removing/crossing
items. They also explored multiple add-on features of shop-
ping lists such as pen and paper combination [24], shopping
location recommendation [23], written items and real products
mapping [39], etc.

Almost all existing research explores the creation of shopping
list applications on smartphones, or at least is smartphone-
related. Although those mobile-based shopping list solutions
have various useful functions, smartphones seem not to be the



best option of devices for creating shopping lists applications.
On one hand, people may be bothered from looking down
at their phones from time to time, and therefore become not
willing to use them. Nowadays, smartphone users tend to look
down at their phones for a long time with a fixed angle, so
they are described as the "head-down generation" [11]. This
head-down behavior can bring health problems such as muscu-
loskeletal disorders [22, 11]. Also, people may be distracted
by looking down at their phones while doing another thing
simultaneously including but not limited to walking [32], driv-
ing [13, 40], academic learning [12], etc. Yet, the need of
adding items to the shopping lists can appear at any time and
place. Limited to different situations, different corresponding
formats of the input (photos, videos, and voice to text) are de-
manded. On the other hand, shoppers may make unexpected
purchases due to the aggregation of various but unrelated in-
formation on smartphones. It is inevitable that people use
smartphones for other purposes apart from check their shop-
ping lists in store. Recent research has shown that almost
50% of all in-store mobile phone usage is unassociated with
shopping tasks [35]. Moreover, shopping-unrelated mobile
phone usage has a negative impact on consumers’ ability to
accurately execute in-store shopping plans, and can even lead
to an increase in unplanned purchases [49]. Thus, a new form
of shopping lists are highly demanded to fill this research gap.

In this work, the aim is to discover the design space of smart
glasses where people can utilize AR technology to real-time
add items to their shopping lists. To investigate this idea, a
new AR solution based on smart glasses named AR Shopping
List was created, allowing users to add items at any time
and place and with arbitrary input formats (photos, videos,
and voice to text). By using smart glasses, people are freed
from looking down at their phones. Their eyes can still look
somewhere else while recording or checking the AR shopping
list. We then conducted semi-structured interviews with twelve
people aged from 20 to 30 to obtain feedback on the design
of the AR Shopping List app. Specifically, the research makes
three contributions. We first show how the presented AR
shopping list concept can allow people to record items at any
time and place and with arbitrary input formats. People can
record items without touching a physical device and their
information needs can still be satisfied when they have other
ongoing activities. Second, we prove the practical use of
this smart-glasses application in recording items at any time
and place and therefore improves the efficiency of recording
what they intend to buy. We also reveal the app’s potential
in helping people do more targeted shopping and reduce the
opportunity that they forget to buy something. Third, we
uncover the design space of using smart glasses in real-time
creating shopping lists and bringing a new form of memory to
people. Throughout the research, we put forward the following
two research questions and sought answers to them.

RQ1: What are the affordances and challenges of a real-time
recorded AR shopping list rendered on smart glasses which
allows users to add items at any time and place and with
arbitrary input formats (photos, videos, and voice to text)?

RQ2: What are the design space and design implications of
smart glasses to allow real-time recording with multiple
input formats?

RELATED WORK

In-store Shopping and Shopping Lists
In-store shopping has always been an interesting research
topic to researchers. The experience of in-store shopping
is defined as interactions between customers and a store’s
physical surroundings, personnel, merchandise, and customer-
related policies and practices [28, 54]. The importance of
in-store shopping lies in the market and personal aspects. For
the market, according to eMarketer1 data in year 2020, the
percentage of eCommerce among total retail sales in the US
is 14.5%, which means that over 85% of retail happens in
offline stores. For the personal aspect, consumers can have
access to professional advice, immediate availability of the
product, and experience when using the product while in-
store shopping, and no return process is required 2. Despite
the importance of in-store shopping, it is a tedious task for
people to perform. Within the field of behaviorism approach to
psychology, behavioral scripts refer to a chain of predictable
actions given a known situation [6]. Thus the term of "scripted
behaviour" is used to describe those repetitive routines, such
as in-store shopping [56]. It is reported that people don’t want
to spend too much time in stores and are willing to shorten
the shopping time [19]. A shopping list is an effective way to
keep consumers more focused on the wanted products instead
of wasting time to wander around in the store to pick items
[55, 4].

People have different ways to prepare and figure out the prod-
ucts needed to buy before going in-store shopping. Some peo-
ple choose to prepare a mental list of those products in their
hearts. Evidence shows that when people remember things
in their memory, they are more likely to forget the items by
recalling their planned purchases from memory and searching
for products directly [18]. It is suggested that people should
write down the items to buy before they go shopping in case
they forget anything. In fact, most shoppers create a shopping
list when they go for in-store shopping [56]. More than half of
them carry a written shopping list with them, while others keep
the list in their minds or use a combination of memory and
a written list [7]. People using shopping lists are considered
to be more engaged in in-store shopping activities than those
who don’t have a list [7]. A written shopping list is tangible
evidence that shoppers are doing out-of-store planning before
their buying trip to an offline store, and it has been proved that
pre-planned shopping lists can significantly reduce the average
time spent in a store as well as the expenditure [55]. Block
and Morwitz defined shopping lists as an effective external
memory aid for in-store shopping as more than 80% of the
items written on the shopping list were actually purchased [9].
The use of a shopping list is seen equal to being more effective

1From Wikipedia: eMarketer is a subscription-based market research
company that provides insights and trends related to digital marketing,
media, and commerce. https://www.emarketer.com/
25 reasons why customers prefer to shop in-store instead of online.
From: https://www.collectique.eu/

https://www.emarketer.com/
https://www.collectique.eu/


and efficient [42], which satisfies the need of remembering
things to buy, avoiding over-buying, and managing budgets
[56]. The process of preparing and making a shopping list
on paper, however, is not as easy as expected considering the
"scripted" characteristic of in-store shopping. People need to
prepare a list every time before shopping, but the paper and
pen are not always available, and writing down all the items is
time-consuming. Therefore, various technical solutions have
been developed to satisfy people’s needs and bring additional
benefits such as intelligent reminding or recommending to
them.

Technical Solutions to Shopping Lists
Most of the existing technical solutions to shopping lists are
based on smartphones. There are multiple applications avail-
able on App Store 3 and Android App Store 4. Jayawilal
and Premeratne [23] introduced The Smart Shopping List, a
mobile software solution that enables users to perform their
grocery shopping experience at ease concerning creating shop-
ping lists. This application allows users to add/remove/cross
items combined with other functions such as shopping loca-
tion recommendation, and possible missing items reminders.
Intended to generate a healthy shopping list and help users
foster healthy shopping habits, Adaji et al. [2] developed List
It, a mobile app offers healthy options for users to choose
from and add to the shopping list. Katuk et al. [27] designed
and developed a mobile application, Smart List, to create and
manage grocery lists on smartphones.

Some other shopping-list applications are smartphone-related.
Heinrichs et al. [24] combined paper-based shopping lists with
a mobile application, which improved the usability of current
mobile shopping list applications. Similarly, Liwicki et al.
[33] invented a novel system that can automatically extract
the items to be purchased from a handwritten shopping list
on digital Anoto paper. Jain et al. [26] presented a shopping
list application using multiple input devices such as desktop,
smart phones, landline or cell phones with multimodal input
formats such as structured text, audio, still images, video,
unstructured text and annotated media. Since the impulse to
buy can be generated at any time and place, it it hard for users
to have access to PCs and record that impulse. To handle
this problem, this research proposed the solution described for
users to ease the process of capturing the impulse to buy. Our
work starts from the similar motivation. However, nowadays
few people use PCs to record items into their shopping lists,
and those multiple input devices mentioned above are not real-
time accessible as well. Thus, a head-mounted smart-glasses
based shopping list was proposed to substitute the multimodal
solution.

Optical Head-mounted Displays and Smart Glasses
Optical Head-mounted Displays (OHMDs) or smart glasses
are proposed to serve the purpose of satisfying people’s in-
formation needs with a minimum distraction to their ongoing
activities [47]. Compared with smartphones which are the
3See: https://www.apple.com/us/search/shopping-list?src=
globalnav
4See: https://play.google.com/store/search?q=shopping%
20list&c=apps

most frequently used devices in people’s daily life, OHMDs
have the advantage of allowing hands-free interaction. Al-
though some earlier existing commercial products of OHMD
use an external handheld controller for interaction such Magic
Leap 1, several new hands-free interaction techniques have
been researched and implemented. Lee et al. [31] surveyed
and classified those interaction methods into head, gaze, and
tongue movements as well as hand gesture and voice recogni-
tion. Head-tilt gestures, implemented by accelerometers and
gyroscopes to achieve high accuracy[31], can be applied in
authentication [60] and game control [59]. Gaze movements
are designed to control the cursor movements to choose [5,
50] or recognize [58] an object and hand gestures are used to
perform object manipulation such as translation, rotation and
scaling [50]. Voice command or voice recognition is the major
interaction method adopted by Google Glass, where plenty of
applications have been developed on 5. However, voice input
can sometimes put users in an awkward situation to perform
tasks [29] and noisy environments can devalue the quality
of the voice, making it unclear to recognize [60]. Tongue
movements detection requires to put optical sensors inside
users’ mouths or on the chin where four tongue gestures (back,
front, left, right) and muscle changes can be recognized with
high accuracy (over 90%) [48, 61]. This tongue interaction
technique is usually applied in medical contexts, and is not
applicable in the smart glasses discussed in this paper.

All of the above hands-free interactions (except tongue move-
ments) implemented on smart glasses make it a promising
digital platform, which combines both real and virtual in-
formation and maintains direct visual contact [37, 45]. To
investigate how well this new stream of wearable Augmented
Reality Smart Glasses (ARSG) might be adopted by the pub-
lic, research has built models of antecedents to smart glasses
adoption. Rauschnabel et al. [45] revealed various drivers for
smart glasses promotion including functional benefits, ease
of use, individual difference variables, brand attitudes, and
social norms. There exists a good bunch of research on im-
proving the functional benefits of smart glasses. For example,
they are applied in education [30], the manufacturing industry
[52], physical analyzing in retail stores [44], efficient reading
[46], clinical and surgical applications [38, 36], on-the-go text
editing [21], etc. In this paper, we aim to explore an under-
researched topic: making shopping lists, which utilizes smart
glasses to realize real-time recording to help users record items
into the list upon they think of something.

DESIGN AND IMPLEMENTATION
Based on the above insights, we built AR Shopping List (shown
in Figure 1), an app allowing users to add items in their shop-
ping lists at any time and place and with arbitrary input formats
(photos, videos, and voice to text). The app is designed to
approach the problem of real-time recording products. It is an
Microsoft HoloLens app built on Unity using Mixed Reality
Toolkit (MRTK).

5See: https://www.glassappsource.com/glass-apps-directory.

https://www.apple.com/us/search/shopping-list?src=globalnav
https://www.apple.com/us/search/shopping-list?src=globalnav
https://play.google.com/store/search?q=shopping%20list&c=apps
https://play.google.com/store/search?q=shopping%20list&c=apps
https://www.glassappsource.com/glass-apps-directory


Figure 1: The user interface of AR Shopping List.

Design Objectives
The overall objective of AR Shopping List is to realize real-
time recording items in a shopping list with arbitrary input
formats (photos, videos, and voice to text) on smart glasses, a
new form of optical head-mounted display device.

Real-time Recording
People still have information needs while doing other ongoing
activities [47]. However, hand-writing items on paper or us-
ing existing shopping-list solutions on smartphones requires
great attention and physical touch with hands. People have to
stop other ongoing activities in order to complete the task of
recording items. To solve the problem, we decided to realize
real-time recording on smart glasses and render the application
on smart glasses. By implementing the function of real-time
recording at any time and place, the work aimed to free peo-
ple’s hands from touching a physical device and satisfy their
information needs while minimizing the intervention against
other ongoing activities.

Arbitrary Input Formats
Different input formats are demanded to deal with the limita-
tions in different situations. Sometimes, people come across
a product that they would like to buy next time, they want to
take a photo or a video to record the product’s appearance and
its surroundings to find it faster next time. Or, it can happen
that when people suddenly remember to buy an item, but they
don’t have the entity of that item nearby, thus they want to
record a piece of voice instead to remind them of buying it next
time. To satisfy different needs of input formats for different
situations, users are granted to choose arbitrary input formats
including photos, videos, and voice to record items. In order
for people to check the voice content faster, the voice will be
automatically transcribed into text through AR Shopping List.

App Design
The main menu of AR Shopping List, which is also the main
shopping list is shown in Figure 1, and this is what users
actually see in front them. As can be seen, in the tile grid, it

has three added item with different input formats. From the
left to the right, it is a photo, a video, and a text transcribed
from voice accordingly. Below the tile grid, there are three
buttons, which are used to take a photo, shoot a video, and
record audio and transcribe it to text. These three buttons play
a key role in our application, and will be discussed in more
detail below.

Take Photo
The function of taking a photo allows users to record the
current picture right in front of them. It can record more
information than simply writing down the name of the product.
For example, a photo can contain information including the
appearance and the price of the product, as well as the location
of it on the store shelf. Besides, the way of taking a photo is
incomparably faster than writing on paper or typing on the
phone. In our application, the user only needs to click the
"Take Photo" button in the air to take a photo. The newly
taken picture will be added to the above tile grid in the form
of a thumbnail. As is shown in Figure 2a, if the user clicks
on the thumbnail, the detailed enlarged photo will appear in
a new window. The enlarged photo allows people to see the
information contained in it more clearly when later referring
to it.

Shoot Video
Compared to taking a photo which is usually used to record
a certain time point, shooting a video allows users to record
a certain period of a product. This is necessary when people
want to record the whole 3D appearance of a product, or when
they want to record a shopping point and its surroundings
dynamically. Generally, shooting a video is more convenient
than taking multiple photos when users want to record the
same item from several angles. In the designed interface, users
need to press and hold the "Shoot Video" button in the air
to start recording a video. When the button is released, the
recording process will stop. The recorded video will be added
to the above tile grid, and its content will be played in a new
window when clicked, as Figure 2b shows.

Record Audio
When people suddenly remember they need to buy a certain
item, but they don’t have the entity of that item at hand. In
that situation, they can neither add that item in the form of
a photo nor in the form of a video in the shopping list. In
the past, to handle this situation, people would write down
the item on paper or on their smartphones. In our solution,
the audio input was designed to be transcribed into text. The
user’s voice will be recorded as a piece of text in the shopping
list, which is considerably faster than handwriting. Similar to
recording a video, the user also needs to press and hold the
"Record Audio" button in the air to start recording his voice
(shown in Figure 2c). When the button is released, the audio
recording will stop, and the system will start to transcribe the
piece of audio he just said into text. The text transcript will
then be added to the tile grid as a thumbnail. If the text is too
long, not all its content will be shown in the thumbnail. To
read the whole content, the user needs to click the thumbnail,
and the whole text content will then be displayed in a new
window.



(a) Take photo. (b) Shoot video. (c) Record audio and automatically tran-
scribe audio into text.

Figure 2: The key feature of AR Shopping List: record items with arbitrary input formats (photos, videos, and voice to text)

Design Process
The creation of AR Shopping List followed the user-centered
design process [1]: formation, minimum viable product (MVP)
testing, development with iteration, and evaluation. Forma-
tion refers to the process of discovering the user’s needs and
determining the concrete product design. The idea of a mini-
mal viable product is to release an unfinished version of the
product with basic features to prospective users. MVP testing
allows designers to evaluate users’ likes and dislikes of the
design and gain a deeper understanding of the product to be
implemented. The implementation and iteration process is
the combination of iterative design and "incremental build"
approach. More specifically, it refers to the development of
a system through repeated cycles and in each cycle, design
changes are made and new features are added. After the prod-
uct is released, it is recommended to continue the evaluation
as it provides valuable information about user satisfaction and
any functional issues that may need to be rethought. Two of
the most frequently used evaluation methods are focus group
and interviews.

Formation
After researching existing solution on smart glasses for han-
dling daily problems, we held a discussion about several pos-
sible research topics and design ideas with five experts from
the Human-Computer Interaction Laboratory of the National
University of Singapore (NUS). One of them is an associate
professor and head of the laboratory, and the remaining four
are PhDs. HCI students. They are all experts in the area of
heads-up computing and related applications on OHMDs. The
discussion started with an overview of the ordinary daily chal-
lenges where people’s information need cannot be satisfied
when they have other ongoing activities. Regarding these chal-
lenges, the corresponding technical solutions on smart glasses
were listed. Then the discussion focused on how these con-
cepts and techniques could be applied to new situations that
haven’t been addressed before. At first, the idea of creating an
AR memo where people can add entries with arbitrary input
formats was put forward, considering that there hasn’t been a
way for people to real-time record items while minimizing the
intervention to their ongoing activities. The term "arbitrary

input formats" proposed here refers to photos, videos, and
speech to text. However, the experts from NUS thought the
scope that an AR memo addressed could be too broad. There-
fore, the idea was narrowed down to obtain the most feasible
option that could be turned into a minimum viable product,
which was shopping lists. The final decision was to make a
real-time recorded AR shopping list rendered on smart glasses
which allowed users to add items at any time and place and
with arbitrary input formats.

Minimum Viable Product (MVP) Testing
To test our design idea of AR Shopping List and evaluate its
viability, we carried out a minimum viable product testing,
sending out digital questionnaires with a recorded product
video to eight potential users, who claimed to make shopping
lists frequently in their daily lives. However, they all felt more
or less troublesome to make a shopping list. For example,
some of them were busy with their work, and were unwilling
to set aside specific time to record items. They had the wish
to record as soon as they thought of something. Some others
didn’t want to hold the list on hands and bow their heads down
to check all the time while shopping. Besides, they were all
either master students or doctoral students who had been ex-
posed to AR/VR devices before. The questionnaire included
an introduction about the starting point and main functions
of AR Shopping List, followed by three questions: 1) Do you
need a new way of recording shopping lists? 2) How do you
think of the concept of AR Shopping List? 3) Would you like
to use it to for real-time recording items in your shopping lists?
The minimum viable product was the recorded product video
animated by PowerPoint, clarifying its operation procedures.
This allowed those eight participants to know about our design
objectives and the basic mechanism of AR Shopping List. In
this way, we intended that they could judge whether the prod-
uct mechanism corresponded with the design objectives and
further offer suggestions on potential improvements. Through
this step, the experimenters expressed great interest and cu-
riosity in trying to use this application in the future. Six out
of eight showed positive attitudes towards that AR Shopping
List can help them real-time record the items. The rest two
experimenters, however, expressed concerns about the smart



glasses because they might not use that device in their daily
lives. Since the aim of this work is to explore the design spaces
of smart glasses in real-time creating shopping lists, the factor
of hardware devices is excluded in our research. Therefore,
the decision was made to continue with our design direction
and implement it.

Development and Iteration
Once the structure and core features of the application were
figured out, we moved on to the implementation of the AR
Shopping List app. The app was built on on Unity using
MRTK (version 2.6.2). MRTK is an open-source development
toolkit provided by Microsoft for developing mixed reality
applications. Upon the completion of building the software
structure and core functions, we began to iterative test the
application. We kept refining the interfaces for user interaction,
testing every completed function, and adding components that
were not in the MVP yet. In the process of implementation and
optimization, there were technical limitations that could lead to
incomplete functions of our application. A discussion meeting
was held to talk about how to make a simulated substitute. The
details of this technical limitation are described in the next
subsection of Technical Limitation.

Evaluation
After all the development work has been finished, a semi-
structured interview study with twelve people aged from 20 to
30 was carried out. Those participants tried on the HoloLens 1
headset and used the AR Shopping List app themselves under
the guidance of an interviewer. We then collected their opin-
ions on whether the app met the design objectives and their
suggestions for possible improvements. The details of the user
study are described in the section of Methodology.

Technical Limitation
Due to the defects in the class of VideoCapture under Unity
development package named UnityEngine.Windows.WebCam
(Unity 2019 and later), we could not manage to implement the
function of video capture for AR Shopping List. Instead of real-
time capturing videos of items, a faked video clip was used
to simulate the process of video capture. Every time the user
clicks the "shoot video" button, the system will automatically
generate a hard-coded video clip to fake that it is taken by the
user and add it to the shopping list.

Although the function of real-time video capture is listed as
a key feature of our application, not implementing this func-
tion does not affect how the concept of real-time recording is
demonstrated for the following two reasons:

1. We did implement the function of real-time photo capture,
and the principle of this photo-capture function is quite
similar to the video-capture function. The implementation
of photo capture is enough to demonstrate and clarify the
concept of "real-time recording".

2. We’ve provided an alternative solution to simulate the func-
tion of video capture. Through this simulated solution, users
can still figure out how the real-time video capture process
is performed.

Table 1: Participants Demographics

Index Age Gender Whether make
shopping lists

P1 24 Female yes
P2 26 Female yes
P3 24 Female yes
P4 24 Female yes
P5 25 Male yes
P6 23 Female yes
P7 22 Male yes
P8 23 Female yes
P9 22 Female yes
P10 24 Male yes
P11 26 Female yes
P12 25 Female yes

Interview Phase I:
To learn relevant

background
information

Experience
the app on
HoloLens 1

Interview Phase II:
To get feedback
on app design

Figure 3: The interview procedure.

METHODOLOGY
Validating the AR Shopping List app with potential users can
prevent possible problems and generate more design insights
as an integral part of user-centered design. We conducted and
recorded semi-structured interviews face to face and let the
participants experience the AR Shopping List app on Microsoft
HoloLens (1st gen) themselves. After experiencing and op-
erating the application, we asked the participants about their
perceptions in the design of the AR Shopping List application.
For more detailed information about the interview questions,
please see Appendix: Interview Questions.

Participants
In our interview study, twelve participants were recruited,
including three males and nine females (shown in Table 1).
They are all aged from 20 to 30 (Mean = 23.9, Standard
Deviation = 1.3) since people within this age range tend to
have the largest shopping demand and are more willing to
try new devices, which in our case is smart glasses. Since
women are more involved in in-store shopping than men [41,
7], and women more than men prepare shopping lists before
they go in-store shopping [8, 56], more female participants
than male participants were recruited. We considered that
women were more needed than men in requiring a new and
more convenient form of shopping-list application, and thus
became more likely in using the AR Shopping List app on
smart glasses. All participants have made a shopping list at
least once before, which provides a significant prerequisite for
our interview study.

Semi-structured Interviews
The interview procedure follows the listed sequence (shown in
Figure 3). The interviewer first introduced the background of
this project and clarified the starting point of our application



design. The interview was then followed by two phases, asking
the participants different questions. Between the two interview
phases, they experienced the functions of our applications on
the smart glasses under instruction. The whole process was
recorded in video.

1. Interview Phase I: First questions about the shopping
background of the participants were asked. For example,
participants were asked questions about the frequency of
making a shopping list, how often and why they forget to
buy something, etc. In this phase, we aimed to know about
the participants’ shopping habits, the relationship between
their shopping behavior and making shopping lists, and how
their shopping patterns might be changed with a new form
of shopping lists.

2. Experience the App: Then the participants experi-
enced the AR Shopping List app themselves on Microsoft
HoloLens (1st gen). First, after the interviewer introduced
the basic operation gestures, they were allowed to explore
freely and got familiar with how to interact with the device.
Next, they were asked to select the surrounding items and
record them sequentially using the three core input formats
in the app: photo, video, and voice-to-text. This smart
glasses device is operated with hand gestures. Since the
interviewer could not see what the participants saw through
the device, we then found a way to display the HoloLens
interface on a PC. The HoloLens were connected to a PC via
local WiFi with a windows app named Microsoft HoloLens.
Then the interface that participants saw through HoloLens
was shown synchronized on the PC. By monitoring the syn-
chronization screen, the interviewer guided the participants
step by step on how to operate the device and what to do
next.

3. Interview Phase II: Last, questions about their opin-
ions on the application design were asked. For example,
participants were asked questions about the advantages of
the application to be used, the challenges of it to be pro-
moted, etc. In this phase, we intended to learn the par-
ticipants’ perceptions of the design of our shopping-list
application. Based on their opinions, we hoped to figure out
the design implications on future shopping-list applications.

Data Analysis
The recorded data from the semi-structured interviews was
analyzed by open coding with Braun and Clarke’s thematic
analysis approach[10]. All interview recordings were first
transcribed from videos into text. The transcripts and open
codes were then manually analyzed and generated. We dis-
cussed and discovered similar patterns through these codes,
and further generated themes. We determined statements on
existing challenges and demands in real-time recording items
in shopping lists together with expectations and concerns of
using smart glasses to support people making daily shopping
lists. Finally, we concluded the themes around understanding
1) why people make shopping lists and how they make and use
them; 2) how AR Shopping List help people realize real-time
recording; 3) what situations people would prefer to use AR
Shopping List instead of traditional lists.

RESULTS
In our interviews, three interesting aspects were found around
the relationships between people and common shopping lists
and interactions between people and our application AR Shop-
ping List. The point of relationships between people and
common shopping lists covers why they need shopping lists
and how they make and use lists. We also seek the causes that
make people feel inconvenient to add items to their lists, or
why they decide to add an item later instead of immediately in
some circumstances. The interview results concerning above
aspects are displayed in Appendix: Table 2. The point of
interactions between people and our application includes the
advantages of AR Shopping List in recording items compared
to traditional ways (e.g. writing items on paper or on a phone)
and different situations for people to use this application on
smart glasses. We illustrate how AR Shopping List will be pow-
erful to use in most situations and we also list some limited
situations where the app might not work well. The interview
results concerning above aspects are displayed in Appendix:
Table 3.

Relationships Between People and Shopping Lists
This section first describes the reasons for people to make
shopping lists, what they expect from shopping lists, and what
benefits shopping lists actually bring to them. We then re-
port how people usually make and use shopping lists, and the
medium that they write the lists on. Last, we conclude causes
that prevent people from making shopping lists or make peo-
ple feel inconvenient to record items immediately when they
remember something to buy.

Starting Points of Making Shopping Lists
All the participants in our interview don’t want to miss any-
thing they want to buy when they go shopping. To make their
shopping process more targeted and organized, most partici-
pants choose to make shopping lists to sort out the items they
want to buy before their next purchase. With a shopping list in
hand, they can go directly to the product and pick it up. Only
two participants (P4 and P11) said that they would remember
items in their mind when they only want to buy two or three
items. Or when they did drop-in shopping, they would simply
buy items they saw and were also on their mental lists. Oth-
erwise, when it came to an important purchase, they would
make a list in case they forgot something.

How/When to Make Shopping Lists
Almost all the participants would spare a specific time period
to make their shopping lists before they go shopping. "Most
of the time, I take a look at the beginning of the week, as
that’s the time when the newest campaigns are posted, and
then I make my this week’s shopping list." (P5). Instead of
recording the items immediately when they need something,
most participants usually prepare their lists at a fixed time like
the night before shopping, the beginning of a week, or the
weekend. It seems that most of the participants regard making
shopping lists as a routine in their daily life.



Pain Points for Current Shopping Lists and Ways of Recording

Items
The current way of making shopping lists can sometimes
be troublesome for people. "It takes efforts for me to think
of and write down all the items for my next purchase, but
sometimes I would still forget to add something I need in
my list." (P4). Almost all the participants agreed that if they
discovered something they would like to buy but didn’t write it
down immediately, they would forget to buy it in the end. Most
of the participants mentioned that when they don’t have their
smartphones or paper next to them, it would be impossible for
them to write down the items immediately when they suddenly
remember something. "Several months ago, I sprained my
ankle, and I have to use crutches. My hands aren’t available to
hold any other things at that time." (P11). Some participants
don’t want to get interrupted while having another ongoing
activity to do. "I don’t want to get interrupted when I do other
things like walking in the street. I am just not willing to stop
and take out my phone to record. (P5)." Some participants
reported the inconvenience in holding a list while shopping.
"When I am shopping in the supermarket, it is inconvenient for
me to pick up things while I am checking the list. Taking out of
my phone from my pocket, unlocking it is quite inconvenient,
especially during this covid pandemic when I wear a mask
in most situations. I need to take off the mask first, and then
I can unlock my phone. (P6)." "I think it is inconvenient to
hold a cellphone when shopping. Holding a paper is much
easier, but paper is not always available for me to record items
on. (P10)." Also, there is a participant (P12) mentioned that
if she record immediately every time, her neck would feel
uncomfortable when bowing down to face the phone again
and again. She just didn’t want to take out the phone and hold
it sometimes.

Advantages of AR Shopping List in Recording Items Com-
pared to Traditional Lists
We conclude three advantages of AR Shopping List in record-
ing items compared to traditional ways.

The first advantage is that our system combines three different
input formats (photos, videos, voice to text) into one appli-
cation, which gives users freedom to choose different input
formats to deal with different situations. "With the function of
taking photos of the items, I can see clearly the appearance,
the location of this item on the shelf. (P7)." "I can shoot a
video if I want a whole 3D appearance of a product" (P5).
"When I think of something but I don’t have its entity in front
of me to take a picture, I can directly speak to it and record
the text instead." (P9).

The second advantage lies in that our system allows users
to record items immediately upon they think of something.
Users don’t have to spare a specific period of time to prepare
their lists. They can record items as soon as they have an
idea of buying a certain product. This transformation helps
people record all the items they want to buy in their list and
reduces chances that they forget anything. "Since this app
is on a smart-glasses device, the app is available to me all
the time. Recording with this app is much more convenient
than recording on a phone or paper." (P7). "When I discover

something I need, I just need to say ’Oh, I want to buy this’,
and then the recording is done." (P8). Since they know all the
items they want to buy are in the app, they would shop more
targeted and go directly to the item they want to buy, and thus
reduce unexpected purchases. "It will reduce the chances that
I buy things not on the list and help me save my shopping time.
I won’t spend time hanging around in the store. Because if
I am looking for a product in a store just by its name, I will
probably need to look through everything on the shelf and
think about whether this thing is what I want. Then I might get
lost, and think ’wow, the thing is nice, maybe I can buy it’. But
if I have the photo using this app, I will quickly look through
the shelf and find out the item I need. I will be more focused
on the item I need and I won’t pay too much attention to other
items. This will help me reduce unexpected purchases." (P1).

The third advantage is that our app enables recording without
touching a physical device. People’s hands are freed from
holding phones or papers when recording or checking the lists.
Besides, people are allowed to interact with smart-glasses in-
terfaces with minimum distraction and their information needs
can still be satisfied when they have another ongoing activity.
They don’t need to switch their viewpoints to smartphones
or papers. "I can still know the information in front of me
while doing other things. And I don’t need to touch anything
but I can still record with this app, compared with phones or
paper." (P4). "For this app, I can just use my eyes and fingers
in the air to record. I don’t need to touch or hold a physical
device, which makes me more willing to record things. And
I don’t have to take out my physical list again and again in
a store. The list in this app is just always in front of my eyes
when I need it." (P7). "With the function of recording in this
app, it helps speed up the process I make a list. And my hands
are freed from touching a physical device, I can still do other
things." (P9). Recording things when looking at the front, or
to say head-up recording, releases users’ neck from bowing
down at the phone and thus ease the problem of musculoskele-
tal disorders. "Using smart glasses will kind of force me to
keep the posture of looking ahead. I think this can help me
reduce neck soreness caused by looking down at my phone."
(P12).

Situations for Using AR Shopping List on Smart Glasses
This section summarizes different usage scenarios from partic-
ipants’ feedback after they use the app themselves on smart
glasses. Both useful and limited usage scenarios are intro-
duced here.

Useful Situations
Our application on smart glasses can be used in most situations
in people’s daily life. It is specially useful when people’s
hands are occupied with another ongoing activity or their
smartphones are not at hand. Since our app is based on a
smart-glasses device, and it takes advantage of AR technology,
users can have access to our app almost at any time and place.
With only a few hand gestures in the air, our app will then
appear in front of the users. "Sometimes, when I am washing
something. I wear gloves, thus my hands cannot hold other
things like phones and record items. However, I can still record
with this AR application on the smart glasses." (P4). "When I



am cooking at home, and I suddenly remember I am running
out of a flavouring, I don’t I would put my phone next to the
stove. I don’t want to turn off the fire and stop my cooking.
Then this app on smart glasses is really helpful in real-time
recording, since I just need to leave the dish on the stove for a
few seconds, and record what I need with voice. Maybe I can
also take a picture of the empty spice jar." (P12).

Our application is also useful when people want to record
immediately within a few seconds with as detailed information
as possible. "If I see a car in the street that I like very much, I
then want to take a photo of the car in case I would buy the
same in the future. Using the glasses will be easier and faster.
If I use my phone, I need to take it out from my pocket and
unlock it with my face. Then the car may have already gone."
(P1).

Some participants also mentioned other situations that our
applications may apply. "I think the app is quite useful in
clothes shops. For example, I am trying on some clothes I like,
but I don’t want to take them all. Then I can take the photo
and add it to my list for comparison later on." (P3). "I think
this app can be useful to those vloggers. If I visit a place, and
I see some beautiful scenery, I can immediately take a video
or picture to record." (P11).

Limited Situations
Although our application on smart glasses can be accessed
in most situations, it cannot be available all the time due to
the limitations of smart glasses. If the space that people are
surrounded with is not bright enough, then the app may not be
clear enough to be operated with. "When I make lists before I
sleep, the space may be too dark that the smart glasses cannot
recognize my surroundings, then it cannot be used." (P9).
Besides, the smart glasses cannot be used in some specific
situations. "If I am taking a shower, and I cannot wear the
smart glasses, then I cannot record with this app for what
I think of during the shower." (P3). "If I have a meeting, I
don’t think it is appropriate for me to say the item I want to
buy aloud at that time. And in some situations, I might feel
awkward if I use the voice-to-text function to record items."
(P8).

DISCUSSION
Our initial starting point of implementing the concept of AR
Shopping List was to provide a new real-time recorded solu-
tion rendered on smart glasses to allow users to add items at
any time and place and with arbitrary input formats (photos,
videos, and voice to text). The result of this design was corre-
sponded with previous research that have shown smart glasses
outperform smartphones in recording things [21]. Despite our
initial intention, we discovered that the smart glasses designed
to realize real-time recording has the potential to become a
way to solve the problem of ubiquitous real-time recording
and viewing, and thus change people’s custom of recording.
This finding reveals important design implications that HCI
researchers need to consider when designing applications to
assist people real-time remembering and viewing things. Or
more commonly used, this finding sheds light on future design
on people’s digital working memory expansion.

Smart Glasses to Realize Ubiquitous Real-time Recording
and Viewing
Plenty of research has been conducted to explore a new record-
ing form based on smart glasses due to its hands-free charac-
teristic and real-time accessibility. For example, Ghosh et al.
[21] presented EYEditor, an optical head-mounted solution
on smart glasses that can display text on a transparent pe-
ripheral display and record text using voice and manual input
on-the-go. Quint and Loch [43] designed an application on
Google Glass to demonstrate the feasibility of smart glasses
to record and play instructional videos in an industrial envi-
ronment. Aiordachioae and Vatavu [3] introduced Life-Tags,
a smartglasses-based application for abstracting and record-
ing users’ life experiences with clouds of tags extracted from
snapshots shoot by the wearable cameras.

Despite those studies on uncovering specific use cases of
recording with smart glasses, the idea of utilizing smart glasses
for ubiquitous real-time recording and viewing is barely dis-
cussed. In fact, during our interviews, some participants have
expressed similar ideas. "I think it would be great if this AR
shopping-list system can be made as a bridge to other appli-
cations like notes for classes. That is to say, it can bring much
more convenience by exporting the contents it records to other
places." (P4). P3 mentioned that this app can be quite useful
in recording her outlooks when she tries on new clothes in a
clothes shop. P11 said that since this app can real-time record
with photos and videos from users’ ego-perspective, it is pow-
erful for vloggers to record what they experience. It is obvious
that the usability and utility of this new recording method will
not be limited to make shopping lists. It can be promoted to
become a real-time AR memo for people to satisfy all their
recording and viewing needs in their daily life. We suggest
HCI researchers taking advantages of smart glasses when they
design technology to realize ubiquitous recording and viewing
in the future.

Smart Glasses to Build A New Memorizing Habit
Summarizing from our interview results, we can see that peo-
ple prefer to record all items at once for their next purchase.
Part of the reason why they don’t choose to record when think-
ing is that they are not willing to stop the ongoing activity, or
their hands are occupied with other items and thus unable to
hold phones or paper to record. For the previous situation, in
most cases, people believe that they can remember the item
to buy later. However, according to our results, all the par-
ticipants reported that they often forget things to buy if not
writing down them immediately. Besides, P5 treats recording
and making shopping lists as a weekly routine that requires
some but not much labor and effort. P4 stated that a shopping
list costs effort to make, and she would make a trade-off on
whether the next purchase deserved to make a list. There-
fore, it is kind of a contradiction. On one hand, people don’t
record when thinking of something immediately. On the other
hand, they don’t want to devote effort into remembering and
recording all items at once.

Empirically speaking, people tend to have the similar record-
ing pattern as they record items for a shopping list. In other
words, people prefer to spare a specific time period to do the



recording instead of real-time recording. Besides, the pain
points of recording shopping lists are similar to other record-
ing needs. For example, people have the need of on-the-go
text recording or editing, which is common yet difficult in
their daily life [21]. Although some people do want to record
with phones as soon as they thinking of something, taking out
the phone from the pocket and bowing down heads towards
the phone can be troublesome and unsafe.

During our interview, most of the participants (except P5 and
P9) expressed that our application on smart glasses might or
would change their listing habit into recording while thinking.
And based on the discussion above that smart glasses is poten-
tial for ubiquitous real-time recording and viewing, we drew
the conclusion that people are likely to build a new memoriz-
ing habit of "real-time recording and real-time viewing". In
the field of psychology, the term habit refers to the process of
activating a psychological situation and the situation automat-
ically prompts action [20]. The process of fostering a habit
can be divided into four steps: cue, craving, response, and
reward [17]. These four steps are the fundamental of every
habit formation, which humans’ brain executes the same order
every time. The cue is the trigger of the brain to initiate a
behavior. The craving refers to the motivation behind every
habit. The response means the actual action that people per-
form. The reward is delivered by response, which is the final
goal or benefit of every habit. In our case, the cue can be that
people want to memorize or view information. The craving
can be that people want to record while keeping another ac-
tivity ongoing or record without touching physical devices.
The response is that people use a head-mounted smart-glasses-
based application to record or view information. The reward
can be that people satisfy their craving when recording or
viewing needed information. The use case of smart glasses to
memorize information corresponds to the four-step model of
building a habit, thus we suggest that HCI researchers design
applications based on head-mounted smart glasses to build a
new memorizing habit.

Smart Glasses to Function As Working Memory Expan-
sion
Working memory (WM) is the cognitive system that has the
capability to keep goal-related information in mind [57]. It
is the basis to higher cognitive functions such as reasoning
[53], learning [51], language comprehension [15], etc. The
magnitude of information that can be stored in human WM,
however, is limited [14]. Although the proof of the neural
mechanisms showing that WM can be expanded through cog-
nitive training is accumulating [14], the acquired expansion
from training also has bottleneck. Transferring WM to some-
where else more massive, stable and reliable is needed, yet
few works have started to research about using digital OHMD
devices as part of people’s WM.

As is clarified above, our interviews revealed the potential of
using smart glasses to assist people in ubiquitous real-time
recording and viewing, and thus people may form a new habit
of "real-time recording for further reference" and "real-time
viewing for instant use". This behavioral pattern of maintain-
ing useful information in somewhere real-time accessible and

manipulating when needed is quite similar to the way that
people use WM. And there is almost no risk of losing the in-
formation saved on smart glasses compared to that people may
forget information they remember in mind. Except that hard-
ware faults or the loss of smart glasses, the information saved
on it is stable and trustworthy. The problem of expanding WM
in the field of neuroscience will be transferred to hardware
memory expansion on smart glasses, which may make the
solution to WM expansion more intuitive and directional to
researchers.

Social Concerns
The function of real-time recording is powerful can not only
be applied in recording shopping lists. Here, some concerns
concerning both illegal acts, unethical behaviors, and sustain-
ability are pointed out.

Privacy Concerns
Despite that the initial purpose of the real-time recording func-
tion is to help people record items immediately when they
think of something, some malicious people may use this func-
tion for invasion of personal privacy. For example, when the
app user wants to track others and take photos, smart glasses
can be the perfect camouflage. It is difficult for people to
detect that they have been secretly photographed by others.

Social Inappropriateness
Apart from the crisis of privacy leaks, the AR Shopping List
app on smart glasses can also lead to social inappropriateness.
For example, the user wants to use the voice-to-text function
to record an item but they are in a quiet place such as a library.
The user inevitably speaks something. The people around will
be disturbed and the smart glasses user may be embarrassed.
Besides, when the user wants to record a product with video,
he may also careless record others or their voice in the video
without others’ permission.

Sustainability
Sustainable development refers to "development that meets
the needs of the present without compromising the ability of
future generations to meet their own needs" [16]. Nowadays,
the concept of sustainable development includes both environ-
mental and social aspects. Sustainability is a concept related
to how well a product meets the requirement of sustainable
development. As to the sustainability of AR Shopping List, on
one hand, it is sustainable if the user only buys items listed on
the app. This means if the user plans what he wants to buy rea-
sonably and avoids unexpected purchases with AR Shopping
List, so there will be fewer wastes. More products and re-
sources can be bought by others. On the other hand, if the user
records all the items he may want to buy on the list including
unnecessary ones, and buys them all, it will be unsustainable.
In this situation, the AR Shopping List app reminds the user to
buy unnecessary items on the list and thus causes waste.

To increase the sustainability of AR Shopping List, the system
should be able to give each recorded item a priority. When
recording, the necessities or most wanted items will be tagged
as "important", otherwise they will be tagged as "other". The
system will display the "important" list by default, and users
need to manually switch to the "other" list. In this way, users



are hopefully able to focus on the items they most needed, and
reduce unnecessary waste.

Limitations and Possible Improvement
Apart from the technical limitation mentioned in the section of
Application Design and Implementation, here we clarify the
design and hardware limitations as well as what we need to do
for future improvement.

Functionality Limitation
Item Modification. Since the focus of this research lies in
the concept of real-time recording items for a shopping list,
we did not consider implementing the function of modifying
items in the AR shopping list app. However, a fully functional
shopping list application requires to allow users to edit the
added items. Thus, we should take the implementation of item
modification into account and think about how to design the
interface for modifying items in future work.

Input Format Combination. We have offered three different
types of input formats (photos, videos, voice to text), but
only one input format can be used at a time. This limitation
makes the recording seem rigid, and sometimes, people require
to combine two kinds of input format. For example, a user
may want to take a photo and annotate it with a piece of text
transcribed from his voice. Then obviously, it is inappropriate
to let the user add two entries with different input format in
the shopping list, describing the same thing. The future work
addressing this user need should provide the interface to record
items with two or even three input formats.

Besides, we can add a new input format which just contains
pure audio. Since there may be some translation errors, we
keep the original audio, and at the same time, we transcribe
it into text and attach it to the audio. If users can understand
the transcribed sentences correctly, then they don’t need to
check the audio. If they can’t, they can choose to listen to the
original audio instead.

Intelligent Classification. Currently, all the added items are
saved in the same shopping list, which makes the list unor-
ganized and lengthy. A classification of the added items in
the future will make the theme of each shopping list more
explicit to users. For example, if a user adds kitchen paper
and eggs, then they should be put in two lists under "daily
necessities" and "food" accordingly. Moreover, it’s better for
a shopping list application to have a function of intelligent
classification. In this case, users don’t need to classify items
themselves. Instead, when a new input item is added to the
list, the system will automatically classify the added item into
the correct category. This additional feature will save a lot of
time for users.

The Hardware Device
All of the participants interviewed expressed complaints about
the weight and portability of the hardware device, HoloLens
(1st gen). Despite the convenience and efficiency that our
application shows in adding items to a shopping list, the pair
of smart glasses is so heavy and unportable that no participants
would like to wear it on the head in their daily lives. What’s
worse, the current HoloLens is unfriendly to those people who

wear glasses. People have to wear two pair of glasses and
it becomes a quite burden for them. Even people who do
not wear glasses may not feel comfortable with the HoloLens
device since they don’t get accustomed to wearing glasses
on their heads. Therefore, when a more portable kind of
smart glasses is available in the future, we should consider
transplanting the existing AR Shopping List application to the
new device.

The User Study
The whole work is an explorative study since the actual fore-
seen target platform doesn’t exist yet. However, the ideal smart
glasses which are portable enough will come in the next 1-2
years and is expected to have a strong consumer uptake. The
platform used in this paper is the currently available device for
smart glasses and has a larger, heavier, and more cumbersome
physical design than the upcoming platforms, but the expected
functions are similar. It means that many of the technical tests
are not relevant to performing on this particular platform, but
will be critical when the actual target platform is introduced to
the market.

To measure, interpret, and compare the usability of software,
both subjective and objective metrics of the usability evalua-
tion need to be calculated [34]. Subjective metrics are based
on the user’s perception and attitude towards the interface,
while metrics indicators are measured by the user’s task per-
formance, such as task completion time, success rate, error
rate, etc. [25]. The designed user study in this paper, however,
was only based on subjective questions. Thus, the data col-
lected was all qualitative subjective answers. To perfect our
user study, objective tests should be included. For example, to
test the usability of the voice-to-text function, the interviewer
can ask each participant to record ten times with voice input
and calculate the rate that the voice is correctly transcribed.
For another example, to measure the system response, the in-
terview can record how much time it takes for the participants
to complete each recording task and calculate their average
time for each way of recording.

CONCLUSION AND FUTURE WORK
Our research investigated how smart glasses can be utilized
to assist people in real-time recording, and what are the affor-
dances and challenges of AR shopping list that allows users
to add items at any time and place with arbitrary input for-
mats (photo, videos, and voice to text). Through conducting
semi-structured interviews with a prototype on smart glasses
(HoloLens 1st gen), we proved that AR Shopping List can
facilitate people in immediate recording, which is useful in
recording all the items that they want to buy. Thus, this app
helps people in reducing the chances of forgetting to buy some-
thing and at the same time, keep them more targeted on the
items they want to buy. We also uncovered that smart glasses
have the potential to help people foster a memorizing habit
of "real-time recording and real-time viewing" on an optical
head-mounted device. We suggest that smart glasses may
become people’s future working memory expansion.

For future work, apart from the improvements mentioned in
the Section of Discussion, a follow-up experiment should



be conducted when the physical device of smart glasses be-
come available for daily wearing. Since whether the record-
ing method on smart glasses can eventually become people’s
digital working memory expansion depends on how deeply
people’s viewing and recording habits can be affected and
changed, we are interested in carrying out a long-term ex-
periment to investigate the influence of smart glasses in this
aspect.
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APPENDIX

I INTERVIEW QUESTIONS

Basic Information
1. Do you have the habit of making a shopping list before

you buy things?
(a) If not, how do you manage to remember all the things

that you want to buy?
(b) If so, where do you prefer to write your list on? And

when do you usually make your shopping list?
2. If you discover something you’d like to buy but you don’t

write it down immediately, would you forget to buy it in
the end?

3. What do you think of making a shopping list? For exam-
ple, do you think it can help you shop more targeted, and
even manage your budget?

4. What other benefits can a shopping list bring to you?
5. Can you think of some inconvenient situations that pre-

vent you from making a shopping list? And why?
6. If you can have a way that allows you to record items

at any time and place and with arbitrary input format
(photos, videos, and voice to text), would you like to use
it to make a shopping list?

Application Experience
1. Do you think this app can help you record all the things

that you want to buy immediately?
2. Do you think this AR shopping list app can help you

record items more conveniently and efficiently, that is to
say at any time and place and with any input format, and
even without touching a physical device?

3. Would you like to use this app in your daily life?
(a) If not, what prevents you from using it, or do you

think it has any drawbacks and inconvenient aspects?
(b) If so, what attracts you to use this app? Can you tell

me something about its advantages that you can think
of?

4. Do you think this app can help you shop more targeted
and set a reasonable budget?

5. Do you think the app on smart glasses can change your
habit of making a list? For example, you make a list
at a certain time period, thinking of all the items you
need. But now you may record as soon as you think of
something?

6. Do you have any other suggestions for the app?

II INTERVIEW RESULTS

http://dx.doi.org/10.1145/2556288.2556981


Table 2: The Relationships Between People and Shopping Lists

Index Starting point /
benefits of making

shopping lists

When to make
shopping lists

Where to
write

shopping lists

Why not record items
immediately / Inconvenience

of making lists

Whether will
forget if not
record when

thinking

P1 to organize items
according to different

stores; buy all the things
together in each store;

targeted shopping; manage
budgets

prepare an entire list
before shopping

on the phone have another thing to do at hand often

P2 necessary thing to do;
organized shopping; set

me free from remembering
so many stuff

every week mostly during
weekends

on the phone or
smartwatch

not have the phone in my pocket sometimes it
happens; after
several days, I
will remember

again
P3 auxiliary me; compare

price if buy expensive
things; shorten the

shopping time; avoid
missing things

before I go shopping on paper not have paper by my hand;
inconvenient to fetch paper

might forget;
sometimes forget
to check the list

P4 sort the items I want to
buy; remember the item’s
name in Swedish; not miss

anything

before I do important
shopping or go shopping
far away where I won’t

visit often

on paper;
memorize in my

mind

don’t want to hold too many things
in hand

yes

P5 a routine; serve as a
reference; buying stuff
more efficiently, maybe

saving some money
sometimes (avoid buying

random stuff)

usually before heading for
supermarkets; mostly at

the beginning of the week
(the time when the newest

campaigns are posted)

on the phone don’t want to get interrupted when
doing other things like walking in

the street

yes, I may forget

P6 targeted shopping; avoid
missing things; avoid

unnecessary purchases

there is an urgent need of
buying necessary stuff or
things that I always want

to have

on the phone inconvenient to pick up things while
checking the list; don’t want to take

out my phone and unlocking it
(especially when I wear a mask)

will forget, often
do so

P7 organize my shopping;
avoid forgetting to buy
necessary stuffs; avoid
unnecessary purchases

usually the night before
the planned shopping;

sometimes in the middle of
my cooking

on a notepad, my
phone or a real

paper; some
shopping apps
provided by
stores (add

products in the
shopping cart and

go in-store
shopping)

when I am on my way to some
places (e.g. on a bus, or on a

subway); check the lists in different
places

it happens a lot

P8 a must-to-do routine; avoid
getting lost in a store;

before I sleep and try to
organize what to do my

next day

on the phone suddenly remember things but my
phone is not next to me; my hands

are occupied by other things

I will certainly
forget

P9 shop more purposefully
and thus save time

when I have free time
(basically before going to

sleep)

on the phone busy doing another thing; when I
have a lot of things to recall in the
evening, I will miss some of them

sometimes

P10 a good habit; won’t buy
things that are unnecessary

or not important; buy
things within my budget

a few hours before I buy
many things or several

must-buy things which I
am afraid I will forget

on paper; in my
mind

inconvenient to hold a cellphone
when shopping, but paper is not

always available; don’t have my pen
and pencil or my cellphone around

my hand

yes, I will forget

P11 prevents me from missing
anything when I do

shopping; shop more
targeted

add items to my shopping
list for future shopping
when some inspiration
comes into my mind

on the phone my hands are busy with other things
(e.g. I sprained my ankle, and I

have to use crutches)

maybe

P12 in case I forget something
when shopping

several days before
shopping; during these

days, I will spend some of
the nights sorting the items

to buy

on the phone I might simply don’t want to hold
phone at that time; if every time I

record immediately with phone, my
neck will feel uncomfortable

yes, very often.
Especially if I am

exhausted, I’ll
definitely forget



Table 3: The Interactions Between People and AR Shopping Lists

Index Advantages compared with
common lists

Useful situations Limited situations /
Suggestions

Whether will
use this app if
the device is

more portable

Whether this
app will

change the
habit of

making a list

P1 can note items down with text and
photos and videos; don’t need to

hold the phone with hands; record
exactly what I observe and

immediately; shop more targeted
and faster; photos and videos are

more impressive; know the
appearance of an item; reduce
buying things not on the list

it is glasses, and I wear glasses
every day; if I want to record a

car’s appearance, using the
glasses will be easier and faster

than using a phone

add classification into the
shopping list app, either

classify items according to
the input types or the item

types

yes I might get used
to record with

pictures instead
of writing

P2 taking photos is a good choice;
quick in recording things; help me
record almost everything I want to
write down immediately; help me

shop more targeted

don’t have the phone at hand a situation where I cannot
speak loudly; write some

text or record voice
directly (not transcribe it

to text);

yes; learning cost
of using smart
glasses is big

yes, the app may
change my habit

P3 see the pictures, videos of items;
record audio; content of the

shopping list is more plentiful

I am trying on some clothes I
want to buy, then I can take the

photo and add it to my list.

cannot wear glasses when
taking a shower

yes; don’t have
eye issues; not
willing to wear

smart glasses for
daily use

yes

P4 interesting; real-time recording; still
know the information in front while

doing other things; don’t need to
touch anything but I can still record

with this app

my hands cannot hold things
like phones to record when I
washing things with gloves;
record expires dates; mark

physical books when looking
for one to borrow in a library

to be made as a bridge to
export the content that this

app records to other
applications

yes not sure, but
probably

P5 smart glasses is more portable than
a phone; record without touching a
physical device; multiple choices of
input formats; record an item more
detailedly yet with a faster speed;

smart glasses can be decoration
for people’s appearance; useful
when I want to record an item’s

whole appearance, price, the
location on the shelf

people who are
short-sighted may need to
wear contact lens to use

this glasses

yes; need some
time to learn how

to operate the
device

not really. It
won’t change my
list-making habit

that much

P6 help me record immediately; faster
than simple typing on my phone;
can almost have everything I may

buy on it

don’t need to take out my
phone from my pocket and

unlock it when I wear a mask

instead of adding all the
items in the same list, add

some separate lists in
different categories

yes absolutely yes;
might make me

record everything

P7 use my eyes and fingers in the air to
record; don’t need to touch or hold

a physical device; record items
more conveniently; checking lists
becomes much more convenient

when I want to find an item,
with a photo, I can see clearly
the appearance, the location of

this item on the shelf

connecting this app to
other different shop apps;
find a way to recognize

which item is from which
store

yes definitely yes;
Will be used to

record with voice
or picture

P8 record conveniently; voice recorder
is the best; record everything

instantly I remember; don’t need to
hold any physical devices; have the
appearance, the expiring date, the

producer, and the physical location
of this item

I just need to say “Oh, I
remember this”, and it is

already done; when I walking
in the street, holding things in

my hands

if I have a meeting, I don’t
think it is appropriate for
me to say the item I want

to buy aloud; in some
situations, the voice to text

may make me feel
awkward

yes yes; it enables me
to record while
running when I

always think
about things

P9 record things in detail and instantly;
don’t even have to touch a physical
device; speed up the process I make
a list; the input formats are various

enough; shop more targeted

whenever or wherever I go, I
always wear the device on my

nose, and the list is always
available in front of me

when I make lists before I
sleep, the space may be
too dark that the smart

glasses cannot recognize
my surroundings, then it

cannot be used

yes won’t entirely
change my habit

unless it has
systematic

classification

P10 combines different input formats
into one application; the app is
available almost any time; shop

more targeted

this apps allows me to make a
quick note when I have another

ongoing things like jogging

below the transcribed text,
attach the original audio

yes yes, certainly

P11 a good helper to extend my
memory; a memory extension;

catch the view in my eyes

immediately take a video or
picture to record when seeing

beautiful scenery; can be useful
to vloggers

maybe when I hold babies
in the future and thus

cannot record instantly;
add a shortcut to open the
app; make the app a bridge

to other apps

yes yes if smart
glasses become
daily wearing

P12 satisfy my information needs of the
front when recording; reduce neck

soreness caused by phones

if I am cooking, I suddenly
remember I am running out of
a flavouring, then smart glasses

are convenient in recording

a little bit worry about
whether smart glasses will

cause some kind of
damage to eyes

yes record whenever I
want; so

convenient I will
get addicted to
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