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Abstract

Older adults tend to encounter challenges when learning to use new

smartphone apps due to age-related cognitive and physical changes.

Compared to traditional support methods such as video tutorial,
trial-and-error allows older adults to learn to use smartphone apps
by making and correcting mistakes. However, it remains unknown
how trial-and-error should be designed to empower older adults to

use smartphone apps and how well it would work for older adults.

Informed by the guidelines derived from prior work, we designed
and implemented ExplorAR, an AR-based trial-and-error system
that offers real-time and situated visual guidance in the augmented
space around the smartphone to empower older adults to explore
and correct mistakes independently. We conducted a user study
with 18 older adults to compare ExplorAR with traditional video
tutorials and a simplified version of ExplorAR. Results show that
the AR-supported trial-and-error method enhanced older adults’
learning experience by fostering deeper cognitive engagement and
improving confidence in exploring unknown operations.

CCS Concepts

+ Human-centered computing — Mixed / augmented reality;
Accessibility technologies.
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1 INTRODUCTION

The rapid advancement of digital technologies has led to online
applications that simplify everyday tasks, such as accessing educa-
tional platforms, government services, and online banking [1, 2, 35].
While these innovations enhance convenience, they also pose chal-
lenges for individuals with limited digital literacy or cognitive abil-
ity [13]. Older adults, in particular, often struggle with interface
complexity due to age-related cognitive and physical changes, mak-
ing technology less accessible to them [38, 43]. Nearly 28 % of older
adults report disabilities or health issues that hinder their use of dig-
ital tools, leading to lower engagement compared to their healthier
counterparts [3, 19, 34, 43]. To address these challenges, researchers
have explored various support strategies. Traditional instructional
materials and guidelines, such as video tutorials and step-by-step
guides, have proven effective [12, 20]. More recently, trial-and-
error learning has emerged as a promising approach, enabling older
adults to explore applications independently with minimal cogni-
tive load, aided by prompts and feedback [15, 30].

Given the increasing need for accessible and engaging learn-
ing methods, augmented reality (AR) has emerged as a promising
avenue for supporting older adults’ technology learning. In con-
trast to static instructional approaches, AR provides immersive,
context-aware experiences by overlaying digital elements onto the
real world [29, 30]. This interactivity can help reduce cognitive load
and make learning more intuitive, particularly when paired with
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trial-and-error techniques and immediate feedback. Prior studies
suggest that AR can support older adults in learning smartphone
applications more effectively, particularly when combined with
exploration to enhance confidence and skill acquisition [16].

However, prior studies primarily focused on conceptual designs,
while empirical evaluations of practical AR applications for support-
ing trial-and-error learning remain lacking [16]. Moreover, previous
research has insufficiently addressed the role of errors in trial-and-
error learning within AR for older adults. These errors can interrupt
the learning process, cause frustration, and ultimately undermine
their motivation to continue engaging with the technology [4].

To address these gaps, we propose ExplorAR, a novel trial-and-
error approach that integrates AR to improve the learning experi-
ence for older adults. ExplorAR combines real-time error feedback
and error-recovery support, not only providing real-time feedback
when older adults make mistakes but also helping them recover
from errors by identifying where they deviated from the correct
interaction path. At the core of ExplorAR is ExplorTree, a hierar-
chical structure that captures screenshots and interactive elements
at each step of the process, organizing them into ExplorNodes to
guide users seamlessly.

To evaluate the effectiveness of ExplorAR in supporting older
adults in learning and completing tasks on smartphones, we con-
ducted a user study with 18 participants aged 60 and above. The
study compared three instructional approaches: a conventional
video tutorial, an AR-based step-by-step tutorial without trial-and-
error interaction, and ExplorAR. Our findings indicate that both
AR-based methods enable participants to learn and complete tasks
more effectively than the video tutorial. In addution, ExplorAR can
boosts participants’ confidence in independently learning smart-
phone apps by enhancing the learning experience and reducing the
fear of making mistakes. Furthermore, participants also saw strong
potential in extending the trial-and-error design in ExplorAR to
operations that are more complex and risky. Drawing on findings
from the empirical study, we offer three design implications aimed
at improving trial-and-error learning experiences for older adults
using AR to learn smartphone applications.

2 BACKGROUND AND RELATED WORK

2.1 Challenges in Using Smartphone
Applications Among Older Adults

Although smartphones can potentially improve the daily lives of
older adults by offering various applications tailored to their needs
[18], they often face challenges in using smartphone applications,
which can prevent them from fully reaping the benefits.

A primary challenge is cognitive decline, which affects memory,
processing speed, and the ability to navigate new technologies. As
cognitive functions decline, older adults may struggle to retain
knowledge or recall how to use applications, making learning and
using smartphones more difficult [32]. Additionally, psychological
factors such as technology anxiety and low self-confidence exac-
erbate these challenges. Many older adults find new technologies
overwhelming and may avoid using them due to fear of failure or
perceived complexity. This reluctance, combined with stereotypes
about aging and technology, further limits their ability to engage
with smartphone applications [9, 45].
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These barriers highlight the need for learning support to help
older adults overcome cognitive and psychological challenges. This
work aims to explore technical approaches to enhance the learning
process of smartphone applications for older adults, ultimately
fostering meaningful engagement with digital technologies.

2.2 Research on Supporting Older Adults
Independently Learning Mobile
Applications

Older adults typically use either dependent strategies (e.g., seeking
help from family or friends) [7, 11] or independent ones (e.g., fol-
lowing instructions) [21] to learn mobile apps. As fewer than half
of social support can help consistently [7], supporting independent
learning is crucial for confident and autonomous app use.

Researchers have explored two independent learning methods:
instructional materials (via video instructions and step-by-step)
and trial-and-error feedback. For instructional materials, Live View
provided real-time interface guidance and instructional videos to
help users learn apps individually [20]. Besides digital instructions,
Conte et al. [10] developed embodiments of help invocation interac-
tions to support older adults in navigating unfamiliar mobile apps.
While prior studies indicated that older adults preferred using man-
uals over the trial-and-error method [22], Pang et al. [30] pointed
out that older adults favored trial-and-error method owing to the
more instinctive and immediate way to approach tasks. Older adults
reported manuals overly complicated and often needed to make
annotations or detailed notes to remember how to carry out specific
tasks. The trial-and-error approach is beneficial for them to explore
mobile apps independently within a low cognitive load when pro-
vided with a supportive environment. Synapse [15] created a safe
environment for older adults to explore, learn, and correct mistakes,
highlighting the importance of exploration in the learning process.

Although the trial-and-error method has shown its potential in
supporting older adults learning smartphone apps, there is limited
understanding of how trial-and-error method could be combined
with instructional materials. In this work, we took a step toward
exploring how to enhance the learning experience for older adults
when using smartphone applications by leveraging instructional
materials in a trial-and-error method.

2.3 AR technology in Supporting Learning
Experiences

AR has been shown to enhance learning experiences and improve
learning outcomes by offering an extended view, interactive sur-
faces, and visual cues [16]. As Suzuki noted [40], AR extends inter-
action beyond the tangible world by introducing dynamic, context-
aware virtual interfaces that overlay physical screens. Researchers
have innovatively broadened the AR interaction canvas in digital
interfaces, CAVE systems, and smartphones [14, 24, 28]. Addition-
ally, by seamlessly integrating virtual content into the real-world
environment, interactions become more intuitive, as indicated by
Reipschliger [31]. This extended display, along with an intuitive
interaction method making AR technology has the potential to
enhance the learning experiences of older adults, who often prefer
larger screens and simpler interactions [23, 29, 30].
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Providing rich visual cues is one of the advantages of AR technol-
ogy in improving learning experiences. Klopfer [17] demonstrated
that AR’s ability to deliver situational and context-rich informa-
tion can simplify complex concepts and foster collaboration. Its
effectiveness in improving learning experiences compared to con-
ventional textbooks is further evidenced in specialized fields such
as medical education, where AR greatly enhances understanding
and retention of anatomical concepts [27].

In sum, researchers have demonstated AR can boost learning
motivation and enhance long-term memory retention by present-
ing complex concepts and facilitate real-world simulations through
interactive elements. However, most of them targeted young users
and specific learning scenarios not learning smartphone applica-
tions. Jin et al. took the first step in exploring how to adopt AR to
support older adults in learning smartphones [16]. However, the
design and effectiveness of trial-and-error methods in AR remain
understudied, especially compared to step-by-step guidance and
video tutorials. Moreover, little is known about handling mistakes in
such learning, which may hinder progress and reduce user engage-
ment [4]. Therefore, this study also sought to explore in what ways
can AR assist older adults in learning smartphone applications.

3 Design Considerations

From the prior work, we derive three types of design considera-
tions to make the process of learning smartphone applications by
trial-and-error more accessible to older adults. These three compo-
nents comprises: 1) AR interaction, 2) instructional materials, and
3)learning methods.

We focused on two key design considerations for the AR inter-
action, which is aim to enhance the natural interaction and user
experience towards learning process in the immersive environment:
(D1.1) enhancing situated interaction through AR self and
(D1.2) representation and interaction via real hands. Prior
studies have demonstrated situated and immersive interaction’s
potential to reduce the frustration inherent in learning [39], and
create an environment that enhances situated learning and the
transferability of knowledge [26]. Moreover, we emphasize interac-
tion via real hands to ensure intuitive contact with virtual elements
and promote comfort in older adults’ motor skills [5].

To create effective instructional materials, it is important to (D2.1)
provide structured insturctions in AR. Older adults prefer learn-
ing through structured instructions that help them navigate com-
plex processes without feeling overwhelmed [21]. Additionally, two
design considerations regarding to visualization of the instruction
materials are esstenial: (D2.2) enlarging font size and the whole
screen while learning in AR to improve easier screen reading
[16], and (D2.3) visulizing instructions by clear vsiual cues to
enhance the learning experience.

For the learning methods, we (D3.1) visualize the operation
process to help older adults to enhance their memory on operation
process. We also (D3.2) intergrate the trial-and-error meth-
ods and error recovery mechanism into immersive AR envi-
ronment. We aim to encourage older adults to explore and learn
smartphone from their mistakes through trial-and-error approach.
Additionally, older adults feel less confident in exploring app use
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independently and fear making mistakes because they are expe-
riencing a cognitive decline that they perceive in their daily lives
[41]. So it is crucial to provide them with error recovery support
and instant feedback.

4 ExplorAR

Drawing upon design considerations, we introduce ExplorAR, a
novel trial-and-error method designed to support older adults in
learning and exploring smartphone applications in an AR environ-
ment. ExplorAR comprises ExplorNode, ExplorTree, and an end-
user AR application, designed to support older adults in learning
and exploring smartphone applications through a trial-and-error
mechanism with situated visual cues (D1.1, D1.2).

The center of ExplorAR’s functionality is ExplorTree (D2.1), a
hierarchical structure automatically constructed to associate smart-
phone page and interactive elements at each step of the operation
process, represented as ExplorNodes. By leveraging ExplorTree,
ExplorAR can visualize and record the operational processes under-
taken (D2.2, D2.3, D3.1) through an end-user Hololens Application
(D2.1), providing error warnings along with error recovery instruc-
tions while exploring smartphone applications (D3.2).

As shown in Figure 3, to illustrate how older adults can use
ExplorAR, we follow an older adult, Bob, who is unable to recharge
his phone bills online, and the ExplorAR usage process is as follows.

(1) Bob is using WeChat to recharge the mobile phone bill and
he finds it difficult to locate the recharge entry among many
services. To explore the correct recharge entry, Bob invokes
the ExplorAR and retrieves the "Task1" tag.

(2) Bob then freely explores the platform, and when he navigates
to the correct page, an enlarged digital screenshot with a
green border is displayed on the AR device.

(3) If Bob navigates to the wrong page, the border of the current
screenshot in AR will turn red as a warning.

(4) Bob can click the "Help" button when he needs assistance.
Our system will provide both text and visual guidance for
the navigation to the next correct page.

(5) Once the phone bill recharge process is completed, the entire
usage history will be displayed. Bob can review it to identify
mistakes he made and learn how to select the correct options.

4.1 ExplorNode & ExplorTree: Operation
Process Tree

To create learning materials that support trial-and-error and error
recovery. We automated the process of capturing screenshots and
recording interactive elements at each step of operation process,
representing these as ExplorNodes. Subsequently, we combined
these ExplorNodes into the hierarchical structure of ExplorTree to
represent the overall functionality, shown in Figure 1. The repre-
sentation of ExplorNode is:

(PagelD, PageImage, Description, < Action, ExplorNode >)

Each ExplorNode is composed of the following elements:
e PagelD is an identifier representing the specific page within
the application.
e Pagelmage is the screenshot of the user interface for the
corresponding page, facilitating visual reference.
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Figure 1: Overview of the ExplorTree structure. Each Ex-
plorNode includes an ID, a PageImage, description, and a
list of user actions that are defined by parameters including
ActionlD, ActionName, Area, Direction, and TextInput.

o < Action, ExplorNode > is a list of mappings between user
interactions (e.g., tapping or swiping a UI element) and the
subsequent nodes, which depict the navigational flow to the
next operational step.

In detail, each Action represents a user-triggered interaction re-
quired to transition from the current node to the next. Actions are
characterized by the following elements: (1) ActionID is the identi-
fier for the specific action. (2) ActionName is the name of the action,
such as "tap” or "swipe". (3) Area is the UI coordinates where the
action must occur. (4) Direction specifies the swipe direction when
the ActionName equals "swipe". (5) TextInput describes the text
required to be entered as part of the action (e.g., inputting a phone
number or search term) when the ActionName equals " typing".
To implement ExplorNode and ExplorTree, we encourage LLM
to interact with smartphone apps and record its interaction process
as shown in Figure 2. We first identified and named each function,
ensuring that each name is unique. For each function, we obtained
the sequence of operations involved in its execution, including
screenshots, step numbers, as well as the event required to move to
the next step (e.g., taps, swipes). Subsequently, we used AppAgent
[44], an LLM-based multimodal agent framework designed to oper-
ate smartphone applications to capture the interaction information
for each function. Specifically, we provided the app name and task
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description to AppAgent and then demonstrated the function exe-
cution process to help AppAgent learn from the demo and generate
documentation for the real-time screenshot showing the app’s inter-
face and an XML file detailing the interactive elements in each step.
Subsequently, we validated the documentation manually and trans-
formed it into json files to create standardized ExplorNode. Next,
we constructed our ExplorTree by connecting the ExplorNode.

4.2 End-user AR Application to Support Guided
Trial-and-error Learning

4.2.1 Screen and Operation Process Visualization. As shown in Fig-
ure 3a, ExplorAR enabled older adults to document their operation
process and visualize the process in AR environment. To achieve
this, we first use the image recognition function from Vuforia API
to identify the smartphone’s current screen and then match the rec-
ognized screen with the Pagelmage attribute of ExplorNode to get
the corresponding target node in the ExplorTree. Then we present
the screenshot of the matched ExplorNode by adding an extended
screen in the AR environment. Once a new screen is detected, its
screenshot appears next to the previous interface’s screenshot, with
an arrow connecting them. This process sequentially presents the
user’s operation process within the AR environment.

4.2.2  Trial-and-error and Error Recovery Design. We design a trial-
and-error mechanism to assist older adults in exploring and learning
the interaction of mobile applications as shown in Figure 3b. Specif-
ically, when the AR camera recognizes a screen that matches one
screenshot data in the ExplorTree, and the user clicks the corre-
sponding position to the right page in the task, the current
screenshot will be enlarged and outlined with a green border. If
user clicks wrong position to the page does not match the
right page, the screenshot will be outlined with a red border. Users
receive a prompt only when they turn to the right page for the first
time and will be prompted if they continue to click on the incorrect
position to the wrong page, they are prompted when they complete
a proper action for the first time. Additionally, if they navigate to
an incorrect location or remain inactive for over 20 seconds, the
system will provide prompt until they reach the correct location.

To support trial-and-error, our system enables the error correction
instructions to guide older adults to seek help when receiving error
operation warnings as shown in Figure 3c. Specifically, the error
correction instructions will only highlight the UI element leading to
the next step in the current step’s screenshot. It is worth mentioning
that the instruction requires users to actively choose, they have the
freedom to continue exploring or seek help based on their intention
when they are unable to perform the correct operation.

4.3 Implementation

The ExplorAR was developed by Unity ! and is displayed through a
Hololens 2 headset. Additionally, we integrated the Mixed Reality
Tool Kit (MRTK 3 2) to perform hand tracking and build user inter-
face, ensuring seamless user interaction within the AR interface.

Uhttps://unity.com/cn/releases/editor/whats-new/2022.3.20#notes
Zhttps://github.com/MixedRealityToolkit/MixedReality Toolkit-Unity
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Figure 2: ExplorNode & ExplorTree data collection workflow. (1) Collecting apps and tasks. (2) Exploring and documenting
app operation process information automatically by AI agents. (3) Manual validating and transforming peration process
information into ExplorNode. (4) Construcing ExplorTree by connecting ExplorNode.

Start Session

Older Adults Entry into
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Map and Visualize the
current screen in AR
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Figure 3: ExplorAR learning process in AR headset. (a1-a2) Users begin by selecting a task and mapping their current screen
into the AR environment. (b1-b2) During the trial-and-error process, correct actions highlight the current page in green, while
incorrect actions result in a red highlight. (c) If users encounter incorrect page or difficulties, pressing the "help” button provides
visual guidance by highlighting the correct UI element leading to the right page.

5 Evaluation

To examine how ExplorAR influences older adults’ learning pro-
cesses, we conducted a user study with 18 participants and com-
pared ExplorAR against two baseline methods: video-based tutorials
(Video tutorial) and AR-based step-by-step instructions (AR instruc-
tion). The video tutorial simulates the real-life context in which
older adults often learn smartphone apps independently through
online videos. In contrast, AR instruction leverage augmented ele-
ments to provide interactive visual guidance, a promising yet un-
derexplored approach in real-world settings [16]. The comparison
of these three methods is shown in the Table 1.

5.1 Participants

We recruited 18 older adults from the local older adult community
center, all of whom self-reported as right-handed, with no motor
impairments, and had normal vision that allowed them to partici-
pate in the study independently. They also have a basic knowledge

of using smartphones. Among the 18 participants, 13 of them are
female and 5 are male, with an average age of 65.6 years old (sd
= 2.91). 4 participants were using iPhones in their daily lives and
the rest of the participants were all using Android phones. Each
participant was compensated $20 for their time.

We investigated the smartphone learning status of the partici-
pants. Among them, 6 participants preferred using online video to
learn smartphone apps and 10 participants preferred asking for help
from family members and people around them. Only 3 participants
were willing to explore smartphone apps by themselves.

5.2 Study Design

To mitigate the learning effect between different conditions, we
prerecorded tutorials with three different apps corresponding to
three conditions. We selected three apps that are commonly used
by elderly people in their daily lives, covering finance, shopping,
and public transportation. In the choice of tutorial tasks, we made
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Table 1: Comparison of ExplorAR, AR instruction and video tutorial

Age-friendly

Features Tutorial Format . Equipment  Presentation
Design

ExplorAR (ours) Help older adults explore Trial-and-e?rror & % AR Visual &

and learn smartphone apps Instructions Touch
Help ol 1
AR instrucrion elp older adults use Instructions v AR Visual
smartphone apps

Video tutorial Help older adults use Instructions X Smartphone Vlsu.al &
smartphone apps Voice

Introduction & Warm-up Learning Phase Post Study

10 mins. 50 mins. 15 mins.

Consent Forms

Background Interview

AR Introduction & Try-on Using a method to learn

3 Completing tasks
Times after learning

T

Completing Questionnaire &
Semi-structured Interview

Figure 4: User study procedure. (a) Background interviews and AR introduction. (b) Use each method to learn and then complete
tasks after learning. (c) Completed questionnaire and interviewed about experiences and perceptions in each learning method.

sure participants had never used them before the experiment. We
fixed the order of the apps and assigned each participant to one of
six combination condition status orders, following a balanced Latin
square to mitigate the ordering effects.

5.3 Procedure

The study lasted approximately 60 minutes. As shown in Figure 4,
before formal trials, participants filled in a questionnaire to collect
their demographic and smartphone usage information. They were
introduced to the experiment setup and signed a consent form. To
help participants become familiar with AR, we asked participants
to walk through the official Hololens 2 tutorial to learn how to
navigate the user interface with basic hand gestures.

Before the experiment, we used the same case (“How to make
an appointment using WeChat") for teaching and explained the
three methods to participants. The experiment has two sessions. In
the first session, participants were asked to learn three tasks, each
with different methods (video tutorial, AR instructions, and Explo-
rAR) separately on three apps to avoid the learning effect from the
previous condition. In the second session, to identify whether the
condition of participants learned by the different methods would
have any significant influence on their performance in learning
smartphone apps, participants were asked to complete three sim-
ilar tasks without support on these three apps in the last session,
such as recharging mobile data instead of recharging phone credits.
Participants had enough rest time to relax at the end of each session.

After finishing the tasks, participants were asked to fill in another
questionnaire after completing each session, where their subjective

feedback on user experience using the UEQ-S questionnaire [33].
In the end, we also conducted a semi-structured interview on their
experience at the end of the study.

5.4 Measurements

For objective measurements, we aim to investigate and evaluate
the effectiveness of the three methods in supporting older adults
learning smartphone apps. Specifically, we measured the time spent
on each learning method, the time for completing each task, and
the mistake counts they made during the task. Mistakes refer to
clicking the wrong icon, which either directs the participant to the
wrong page or leaves them stuck on the current page.

For subjective measurements, we then included the result of
the 7-point Likert scale UEQ-S questionnaire as a measure to evalu-
ate the usability, conformability, and effectiveness of the method.

5.5 Objective Result

Utilizing the objective data from our study, we compared the learn-
ing effectiveness of the three learning methods in Table2.
Learning Time: Participants spent significantly least time with
the AR instructions during the learning process (avg = 80.9s, sd =
20.3), while spending more time with the ExplorAR (avg = 109.2s, sd
= 44) and video tutorial (avg = 112.9s sd = 33.4). One reason that the
AR-based method saves participants’ time is that they just need to
follow the visual cues and click step by step, without extra thinking.
Additionally, it is observed that although ExplorAR has a longer
learning time, this was primarily because participants needed time
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Table 2: Objective results for each method.

Learning Time Task Completing  Mistake

Time Counts
AR instruction  80.9s (sd=20.3) 34.4s (sd=9.62) 18
Video tutorial ~ 112.9s (sd=33.4)  27.7s (sd=8.98) 13
ExplorAR 109.2s (sd=44.0)  18.3s (sd=4.23) 7

to become accustomed to using the AR and to understand trial-
and-error approach. Participants regarded this process as a novel
experience and were willing to spend time on mastering it.

Task Completing Time: Our results revealed a significant
difference in the time of independent task completion. Participants
spent the least average time (avg = 18.3s, sd = 4.23) after learning
from the ExplorAR method, while spent the more time after learning
from the AR instructions (avg = 34.4s, sd = 9.62) and video tutorials
(avg = 27.7s, sd = 8.98). This result indicated that ExplorAR was the
easiest to recall the steps while using video or AR instructions to
learn the task resulted in lower memorability. For video tutorials,
participants expressed the difficulty in remembering the interaction
process. For AR instructions, an interesting point is that this method
spent the least time during the learning phase also had the longest
completion time and the highest error rate during the independent
task phase. In contrast, ExplorAR had the shortest completion time
and the lowest error rate during the independent task phase.

Mistake Counts: We counted the total mistake counts partici-
pants made while completing tasks independently after learning
in each condition, and the result shows that participants made the
fewest mistakes (n = 7) on the app which they learned using Explo-
rAR, followed by the video tutorial (n = 13) and AR instructions (n =
18). This result indicated that ExplorAR generally achieved a higher
success rate after learning compared to the other two methods,
where the basic mode with the lowest success rate. Additionally,
participants praised the trial-and-error that enables them to ex-
plore by themselves, and hence they could remember the operation
process. For the video tutorial mode, some of the participants ex-
pressed it is similar to the basic mode, where they just followed
the instructions, while another part of the participants would try
to understand each step when watching the video. However, most
of the participants forgot the steps after watching the video, half
of them requested to watch the video again, and some of them
requested to follow the step of interaction by pausing the video.

5.6 Subjective Result

To present the subjective evaluation of participants, we first illus-
trate the quantitative results from the UEQ-S and then present
qualitative results recorded in the post-stimulus survey.

5.6.1 Overall Experience of ExplorAR. Figure 5 showed partici-
pants’ rating scores for video, AR instructions, and ExplorAR in the
UEQ-S questionnaire. By these ratings, we utilized the UEQ-S Table
to calculate three short UEQ scales, including Pragmatic Quality,
Hedonic Quality, and Overall. Generally, participants rate higher
scores for both two modes of the AR-based learning methods than
for the recorded video (pragmatic quality = 0.62, hedonic quality
= 0.28, and overall = 0.45), while ExplorAR (pragmatic quality =
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1.31, hedonic quality = 1.59, and overall = 1.45) has a slight advan-
tage over AR-based step-by-step (pragmatic quality = 1.16, hedonic
quality = 1.21, and overall = 1.18).

In comparison with video and AR instructions, participants feel
using ExplorAR to learn how to use smartphone apps is easier (avg
=1.29, sd = 1.34), clearer (avg = 1.18, sd = 1.19) and more supportive
(avg = 1.59, sd = 1.00). Participants also appreciated ExplorAR, not-
ing its significant assistance in enhancing the efficiency of learning
(avg = 1.18, sd = 1.33) and reducing their mental demand (avg =,
sd =). Participants found that using ExplorAR is more interesting
(avg = 1.47, sd = 0.87) and exciting (avg = 1.71, sd = 1.05), they also
rated higher inventive (avg = 1.53, sd = 1.07) and leading edge (avg
= 1.65, sd = 1.06) scores.

Strongly disagree [l Il Strongly agree

AR instruction | 1 6 6
Video tutorial |1 5 6

5 |

R1. Supportive 6
ExplorAR 2 8 4 4 |
|2 |

6
4 |

AR instruction 3 3 9
R2. Easy Video tutorial | 1 1 5 5
ExplorAR 2 2 6 4

R3. Efficient Video tutorial

AR instruction 5 3 8
ExplorAR % 3 7 2

AR instruction 3 6
R4. Clear Video tutorial 3 6 3
ExplorAR | q a4 6 4
AR instruction | 4 6 6
Video tutorial 6 6 a4 2
ExplorAR 3 5 9 L
AR instruction | o 3
Video tutorial 5 6 3
ExplorAR 3 4 7

R5. Exciting

R6. Interesting

AR instruction
R7. Inventive Video tutorial 2 4 6 10
ExplorAR a 3 8
AR instruction
R8. Leading edge  Video tutorial | 2 4 - 5
ExplorAR -

Figure 5: UEQ-S questionaire rating scores for each method.

5.6.2  Semi-structured Interview. Participants reported that com-
pared to video tutorials and AR instructions, ExplorAR enhanced
their confidence in using and exploring smartphones, especially
since they rarely took the initiative to learn new phone functions.
While video tutorials were convenient because participants were
accustomed to watching videos on their smartphones, ExplorAR
offered additional reassurance and support, reducing the fear of
making mistakes—particularly for illiterate older adults—through
its trial-and-error approach. Still, some expressed concerns about
the accuracy and authority of Al-driven methods. In terms of clarity,
participants felt that AR-based approaches were generally clearer
than video tutorials, which only provided verbal cues and often
required replaying steps or searching for the correct position on
the phone. They recommended salient visual or audio cues, as well
as adapting AR interfaces for older adults with visual impairments.
Most participants favored ExplorAR for reinforcing memory via cor-
recting mistakes, reducing cognitive load, and potentially changing
habits by drawing attention to incorrect operations; a few, however,
preferred the AR instructions for its straightforward guidance or
video tutorials for their familiarity. Lastly, participants saw strong
potential in extending ExplorAR’s trial-and-error design to more
complex operations, frequently updated applications (e.g., online
shopping or service bookings), and high-risk tasks like making
payments or revealing sensitive information.
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6 DISCUSSION

6.1 Trial-and-Error based Learning Method in
AR

In general, ExplorAR highlights the advantages of exploration-
based learning, which encourages users to interactively engage
with each step rather than passively follow instructional infor-
mation. As demonstrated in our study, ExplorAR fosters deeper
cognitive processing by allowing users to attempt, reflect, and ad-
just their actions during trial-and-error. Therefore, trial-and-error
learning method is particularly beneficial for older adults, as it re-
duces the reliance on instruction information and instead promotes
learning through action and correction, which echoes previous find-
ings [15]. We also find that exploration also fosters confidence,
as users can safely explore and correct their mistakes without fear
of making irreversible errors, which is particularly beneficial for
older adults who may feel anxious about using unfamiliar digital
tools [4]. ExplorAR’s design thus illustrates that trial-and-error in
learning can be a supportive method for encouraging older adults
to learn and building their confidence.

Our results also suggest that AR supports trial-and-error learn-
ing by the integration of visual, spatial, and interactive cues. In
ExplorAR, AR allows users to see operations within the app con-
text in real-time, which reduces the need to switch attention
between the app and external instructions. By overlaying cor-
rective feedback directly onto the interface, such as highlighting
the correct action in green and incorrect actions in red, AR helps
users understand and adjust their actions, thereby reinforcing cor-
rect operations. Additionally, AR’s ability to simulate real-world
consequences in a controlled environment helps users learn safe
operations with less fear of real mistakes, particularly in sensi-
tive tasks like financial transactions.

6.2 Design Implications

Drawing from our results, we identified four key design implica-
tions (DIs) for AR-based learning interaction techniques. These
insights offer practical guidelines for future researchers and design-
ers aiming to support older adults’ learning in AR.

DI1: Implement Personalized Learning Strategies. Individ-
ual learning preferences and speeds vary significantly among older
adults. Older adults should be allowed to adjust the level of guid-
ance they receive, such as by choosing between “Guided” and “In-
dependent Exploration” modes or setting task completion paces to
enhance accessibility and user satisfaction [25]. Adaptive learning
strategies could further personalize the experience by adjusting dif-
ficulty based on user progress, providing additional support when
needed and fostering independence.

DI2: Prioritizing Visual Comfort in AR Design. Many partic-
ipants experienced visual impairments or 3D discomfort when using
AR headsets. To address this, the design of AR interfaces should
prioritize visual comfort through larger font sizes, adjustable bright-
ness, and customizable text contrast [36]. Incorporating adaptive
focus settings can also accommodate varying levels of visual acuity
[37], ensuring that older adults can watch the content comfort-
ably. Additionally, designing lightweight AR headsets can support
a longer and more comfortable user experience [8].
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DI3: Leveraging Multisensory Interaction. Participants sug-
gested that incorporating multisensory cues (e.g., visual, auditory,
and haptic feedback) can enhance their engagement and memory
retention. In addition to visual and color-coded cues, the learning
method should consider using spatial positioning and gentle sounds
to indicate errors and correct actions. This incorporation can help
older adults reduce cognitive load and enable faster recall of learned
steps. Therefore, future AR-based learning method designs should
strategically employ multisensory interactions to make learning
experiences more immersive, intuitive, and cognitively accessible.

6.3 Generalizability

Generation to People Who Need to Learn Smartphones. Al-
though ExplorAR is initially designed for older adults to learn smart-
phone interaction, it could be adapted to other groups who may
struggle with smartphone use (e.g., people with limited prior expo-
sure to technology, those with cognitive impairments, and younger
users in emerging digital literacy programs [6, 42].) With minimal
modification, ExplorAR’s design and interaction flow can adapt to
different groups’ learning preferences by customizing error recov-
ery support and interactive guidance.

Generation to Other Digital Devices. The design logic and
key components of ExplorAR could aid accessibility research for
other touchscreen devices. Its interaction paths and error recovery
are applicable to similar touchscreen appliances (e.g., tablet com-
puters and e-readers). Therefore, by slightly adjusting the logic
and content to fit the device’s specific interfaces and functions,
ExplorAR’s interactive AR model could provide a similarly immer-
sive and accessible learning experience, assisting users in building
transferable skills across various digital platforms.

Wider Usage: Human Smartphone Usage Data Collection
Tool. The ExplorAR method could also serve as a tool for collecting
human usage data on smartphone interactions. The trial-and-error
logs, corrective feedback, and time-on-task data gathered during
interactions could provide insights into common learning patterns
and interaction preferences. This data could help refine future AR
learning applications and inform user-centric design improvements
for future research works.

7 CONCLUSION

To support older adults in learning and exploring smartphones, we
introduced ExplorAR, a guided trial-and-error method designed to
foster an engaging, accessible, and effective learning experience
in AR. By leveraging augmented reality, ExplorAR provides a safe
environment where older adults can explore and correct mistakes
through trial-and-error and visual guidance. Subsequently, we con-
ducted an evaluation study with 18 older adults to compare the effi-
ciency and effectiveness of this novel learning method against the
video-based tutorial and AR-based step-by-step method. The results
demonstrated that our proposed method significantly improved
learning effectiveness and user experience, though it induced a
longer learning time. We then further discussed the potential rea-
sons and future design considerations for optimizing smartphone
learning for older adults in AR.
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