
 1 

User Performance and Experience in Camera-Based Scanning 
Ruiqi Kong 

HCI-E MSc Final Project Report 2019 
UCL Interaction Centre, University College London 

Supervisor: Enrico Costanza 
 

ABSTRACT 
Camera-based scanning applications are often used to access 
more information in public places, and the design of such 
Apps may influence both user performance and user 
experience. Camera-based scanning is a pointing and 
clicking task, while it differs from scanning using other 
devices. It involves a trade-off between image resolution and 
lag, which might potentially influence usability and user 
experience. This study focuses on the influence brought by 
delay and clicking method. Delay might be related to high 
image resolution; the clicking method can either be explicit 
click or auto click. A laboratory experiment was conducted 
to measure human performance in the form of throughput 
and error rate in the process of scanning. Subjective 
impressions were also collected via questionnaire from 
participants. Results showed a significant effect of a one-
second latency on throughput, and a higher error rate with 
auto scan. Resolution did not influence the recognition of 
code reading system, and had little influence on user 
experience. Users showed preference to auto scan over 
explicit scan, while explicit scan was considered to be useful 
in specific situations. Three implications are proposed based 
on the quantitative and qualitative data, calling for lower 
resolution of viewfinder, more uses of explicit click in 
certain situations, and more consideration about the sense of 
control during the scan process. The study might help 
enhance user experience of camera-based mobile scanning 
applications. 
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1. INTRODUCTION 
Camera-based scanning applications are widely used in daily 
life. The scanning function enables people to access various 
mobile services and information about the target [22,32]. 
Users often find the camera-based scan technology targeted 
at visual tags in mobile phones is easy to use [32], and the 
adoption of such technology has gained global popularity, 
such as QR (quick response) code [11]. Scannable visual 
markers are applied in various scenarios: customers can 
compare the price of Amazon products with QR or barcode 
scanner applications [28]; museums and exhibitions provide 
scannable materials for visitors to enhance their experience 
[1,25,29]; restaurants integrate scannable visual markers into 
the eating experience to encourage interaction [19].  

While early non-smart phones require a manual click to 
confirm a scan [32], nowadays the scanning function is 
mostly realised in an automatic way. A result will pop out as 
soon as the system successfully recognises a target and 
receives results from the backend database. The recognition 
process might take hundreds of milliseconds or a few 
seconds, with little visual feedback during the time. If the lag 
is longer than a certain length of time, it might lead to a sense 
of uncertainty among users. The mode of explicit click, on 
the contrary, might bring a sense of control through a manual 
click. However, explicit click is only possible when the 
system latency is relatively low, since this mode requires 
real-time feedback on the viewfinder. The latency can be 
attributed to the performance of devices, the complexity of 
processing algorithm, and the quality of network if remote 
transmission is involved [18,32].  

Since it is impossible to completely eliminate latency, 
developers try to apply different methods to control the lag 
in an acceptable range. Image resolution is one factor that 
influences the processing time of the picture captured by 
camera, and thus the trade-off between high resolution and 
low latency becomes interesting when the computing power 
of device is limited. Higher resolution may raise the 
probability of a successful recognition, but increases latency; 
lower resolution means less data to be processed, and hence 
decreased processing time and latency, but it might incur a 
failed scan in poor light conditions. At the same time, it 
remains unclear that when the latency is relatively low, 
whether explicit click with a button could outperform auto 
click from a comprehensive view, taking possible visual 
feedback and a sense of control into consideration. This 
paper focuses on the trade-off of latency and resolution, as 
well as the comparison of two clicking methods, 
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investigating user performance and experience in the 
scenario of scanning visual markers using camera phones. 

Camera-based scanning is a kind of target acquisition, which 
is a classic topic in Human-Computer Interaction. Literature 
has investigated the impact of lag in various conditions, and 
evidence shows its negative influence on human 
performance [14,18,23,34]. It is recommended that lag 
should be cut down to less than 0.1 second so that users feel 
the system gives real-time feedback, and 1.0 second is the 
limit that users feel their thoughts are not interrupted [2,20]. 
With the restriction of hardware performance and network 
quality, how to balance the improvement of speed and the 
sacrifice of factors related to system performance, such as 
image resolution, becomes a challenging problem. Few 
papers explore the relation between resolution and latency in 
the scenario of camera-based code scanning, which becomes 
one main concern of this study. 

Many interaction techniques based on camera phones have 
been evaluated in terms of human performance and 
experience. Factors such as target width and distance, display 
size, and jitter of the cursor on screen have been studied 
[10,24,33]. A modified model of Fitts’ Law was proposed 
and validated in real world through a camera-based 
interaction technique named “Magic Lenses” [26,27]. In a 
recent study, visual feedback is suggested to be favourable 
to users in a computer vision processing system [12]. Despite 
the universal appearance of explicit click in early non-smart 
phones and the positive effect of visual feedback, the 
comparison of two clicking methods in code scanning 
applications has not been conducted. 

Inspired by the work conducted by Rohs and Oulasvirta 
[26,27], this study evaluates user performance and 
experience in a target acquisition task using a camera-based 
scan application. The scan time and the scanned targets are 
recorded for performance analysis; data relevant to user 
experience is gathered through an online questionnaire 
accomplished after the target acquisition tasks; user 
behaviours are observed across the tasks. The trade-off of 
latency and resolution is discussed in this paper, based on 
participants’ performance in the scan tasks and their 
subjective impressions explained in questionnaire. Two 
clicking methods are also compared. The results provide 
evidence for making decisions about the priority of speed 
and resolution in designing scan applications, as well as the 
choice of clicking methods. Users might benefit from a better 
design of code scanning applications that meet their needs in 
different scenarios. 
2. RELATED WORK 

2.1 Influence of Lag on Human Performance and Effort to 
Reduce It 
Fitts’ law is a model of human movement, which is widely 
applied in HCI to evaluate devices or interaction techniques 
for pointing. Its application scenario is restricted to “rapid, 
aimed movements” [17]. The model can be applied to 

measure human performance in the form of throughput, or 
predict movement time of subjects as a prediction model. 
Since one dimension of this paper is human performance, 
Fitts’ Law is applied to evaluate subjects’ performance of 
scan tasks.  

The measurement involves index of difficulty (ID) and 
movement time (MT). ID is calculated as log2(𝐴𝐴

𝑊𝑊
+ 1), where 

A refers to the distance between the original position of the 
pointing device and the target, and W is the width of the 
target. MT is the movement time to complete a motor task. 
According to Fitts’ Law, the ratio of ID and MT stays 
relatively constant across a range of ID settings, and the ratio 
is defined as throughput, which represents “human rate of 
information processing” in bits per second [17]. A larger 
throughput means better human performance of using the 
pointing device to perform target selection tasks in a specific 
setting. At the same time, error rate in participants’ 
behaviour is considered an important measure of human 
performance by some researchers, although it is usually 
relatively low [17]. 

Lag is a detrimental factor to subjects’ performance in target 
pointing experiment. MacKenzie and Ware modified the 
classic model of Fitts’ Law based on an experiment with four 
lag conditions. They proposed that lag has a multiplicative 
effect on Fitts’ index of difficulty [18]. Lag is common in 
computer systems, and it may come from input device, 
software or output device if network is not involved. If the 
computation load is heavy, the length of lag might exceed 
100ms, which is the perception threshold for human [2,20]. 
The existence of lag often has negative effects on human 
performance and experience. It is reported that even 
relatively small lags could dramatically decrease human 
performance, if the targets to be acquired are small [34]. 
Compared with high-quality graphics, a short latency is more 
favourable to users in Virtual Reality (VR) applications [23]. 

System latency in the applications that require a high refresh 
rate usually contains two types, temporal delay and reduced 
display update rates. Although both of them might influence 
user performance and user experience, users tend to be more 
sensitive to temporal delay [14]. Therefore, it is 
recommended that emphasis should be put on the reduction 
of temporal delay [14,18,34]. Since lag derived from input or 
output device is often determined by the hardware itself, 
developers tend to cut down delay through improvement of 
software design. 

However, it is sometimes difficult to reduce lag in 
applications that require highly complicated computation. 
Augmented reality (AR) applications are such systems that 
often have a perceivable delay [16]. Similar to AR which 
asks for recognition of specific markers, camera-based code 
scanning also involves image processing and decoding. 
Aside from the complexity of algorithms to recognise the 
codes, the resolution of images taken by the mobile camera 
also has a direct impact on the processing time. With the 
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increasing quality of photos taken by mobile phones, the 
processing load for scanning applications increases.  

Previous study shows a shorter temporal delay is preferred 
than better quality of graphics or higher update rate of 
display in both VR and AR application scenarios [14,18], 
while a camera-based scanning scenario has not been 
investigated. One aim of this study is to figure out whether it 
is necessary to keep the resolution of images high in the 
scenario of scanning with camera phones. If resolution is 
important to users, a range of image resolution could be 
reported where both the rate of successful recognition and 
the length of delay are within an acceptable range. If it turns 
out resolution is irrelevant to either user experience or the 
probability of successful scan, the resolution of scanning 
applications could be set to be the lowest level. 
2.2 Interaction Techniques in Camera-Based Target 
Acquisition 
Target acquisition is a common operation in computer-
human interaction [9]. As discussed previously, Fitts’ Law is 
a classic model to predict movement time of target 
acquisition or pointing gestures. The model is applicable to 
one-, two- and three-dimensional movements [8,17,21], and 
it is widely applied to evaluate interaction techniques of 
target acquisition. Rohs and Oulasvirta proposed a two-parts 
Fitts’ Law model to fit camera-based selections [26]. In 
camera-based target acquisition, the movement of the screen 
has two stages: physical and virtual. People could only see 
the target in screen in the virtual pointing stage, while the 
real target is directly visible in the physical pointing stage. 
The model was also validated in a real-world environment, 
where a “markerless recognition of objects” was realised 
through AR [27]. 

This modified model is often used in the evaluation of an 
interaction technique named “peephole”, which is a popular 
technique to navigate large information spaces [24]. Despite 
various methods to implement the interaction technique [10], 
the usage generally stays the same. Users hold a presenter 
device and move it in front of a public display. Information 
will appear on the public display screen, and the location of 
the area matches the position of the handheld device. Moving 
the device around is similar to navigate the complete display 
through a peephole. A cursor is shown in the centre of the 
peephole, helping users locate the target.  

To evaluate the influence of factors such as peephole size 
[24] and target size [10] on human performance, target 
acquisition tasks were designed. Participants usually have to 
click a button on the handheld device to confirm a target, 
which is similar to the operation of scanning a target in a non-
smart phone. Although the action of marker recognition and 
code scanning is similar to “peephole”, the design of 
scanning applications applies auto scan by default. Auto scan 
provides result fast, which is usually a favourable trait. 
However, when more than one scannable target is available, 
auto scan might make mistakes easily. By contrast, explicit 
click gives users more control, potentially resulting in a 

stable performance. The assumption leads to the other 
concern of this study: whether clicking with a button is better 
than clicking automatically. 
2.3 Evaluation of Selection Technique and Design 
Feature 
A typical method to evaluate human performance in pointing 
tasks is cyclical multi-direction pointing task paradigm [30]. 
Nine targets are fixed on a plane in the form of circle, and 
participants use a specific pointing device to select the 
targets in a pre-set sequence. It is preferred over the one-
directional task because it is closer to a real-world situation 
[26]. This task paradigm does not meet the expectation of 
this experiment, however, since the direct transition from one 
target to another cannot produce a situation where users may 
scan a marker accidentally when passing by. The existence 
of such condition can test whether auto scan is error-prone 
compared with manual scan. 

An untraditional evaluation method was proposed in an 
experiment to validate a modified Fitts’ Law Model in real 
world, which is a reciprocal pointing task [27]. Participants 
have to “move back and forth” between a pair of targets, of 
which the properties such as size and shape vary [27]. The 
design of the task is to meet the research question that how 
participants change their behaviour in this situation. The 
design of reciprocal pointing task in a real-world setting 
inspired the task design of this experiment, where 
participants scan targets in pairs. The first target within a pair 
is fixed, functioning as a starting marker. The existence of 
starting marker is similar to people’s behaviour of putting 
their mobile phone to their pocket. 

Based on the two points gained from previous paper, the task 
design is established. Participants have to scan three pairs of 
targets for a certain number of times, and the three pairs share 
the same starting marker. The layout of scannable markers 
deliberately creates the situation that users might scan a 
wrong target if no strategy is applied in the auto click mode.  

When calculating throughput, the two-stage modified Fitts’ 
Law model proposed by Rohs and Oulasvirta [26] will not 
be applied, although this experiment involves camera-based 
selections. The “physical pointing stage” becomes so short 
that can be ignored, since the target markers are close to each 
other, which makes it easy for users to locate the target. It 
can be claimed that scans happen in the virtual pointing 
stage, therefore, the original single-part Fitts’ Law Model fits 
this experiment most.  

Throughput and error rates are two measurements of human 
performance in this experiment. To a certain degree, the two 
measures represent “speed” and “accuracy” of users in 
performing scanning tasks. Throughput means human 
capacity of information processing [17], which is similar to 
the concept of “speed”. Error rate shows how accurate the 
user scans the expected target, as a wrong scan is defined as 
a scan of a target that is not assigned. 
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Aside from human performance, studies that focus on 
interaction techniques may also evaluate the ease of use [14]. 
When it comes to the effect of specific design feature in a 
system, subjective impressions of different conditions are 
often gathered to understand users’ opinions [12]. Since this 
study has one concern about the experience of two modes of 
scan, a questionnaire is designed to collect participants’ 
preferences. 

3. EXPERIMENT DESIGN 

3.1 Design 
The experiment is a within-subject design of two 
independent variables. One independent variable is 
resolution (R), along with simulated latency. It has three 
levels: Full resolution (F) with a latency of 1000 
milliseconds (ms), half resolution (H) with a latency of 500 
ms, and quarter resolution (Q)with a latency of 0 ms. 
Resolution determines how clear the image in the viewfinder 
looks. The latency is the time before a visual feedback shows 
up in the viewfinder, which indicates a successful 
recognition of the scannable target.  

The maximum latency of 1000 ms is chosen because it is the 
limit that people feel their thoughts are not interrupted [2,20]. 
The latency of 0 ms is chosen to represent the shortest overall 
latency. From tests, the researcher found the actual 
processing time for recognising a target in low resolution is 
so short that cannot be perceived, and therefore the lowest 
latency was decided to be 0 ms. Also, since visual feedback 
will only appear when the system has recognised the marker, 
actual processing time has already been included in the 
overall latency, in which sense the simulated latency 
becomes an extra latency aside from the actual processing 
time.  

The other independent variable is clicking method (CM), 
including two modes: auto scan (A) and explicit click (E). 
Auto scan means a scan happens automatically when the 
viewfinder is pointed to a target; explicit click means users 
have to click a button to trigger a scan. In the mode of explicit 
click, visual feedback will appear on the viewfinder in a 
relatively low latency that is close to a real-time setting, and 
the result will only pop up when the user clicks the button. 
In the mode of auto scan, a result will automatically pop up 
when the system has recognised the marker. 

The design is factorised into two separate blocks, studying 
one independent variable in each block. To mitigate possible 
learning effects, the conditions for each independent variable 
are fully counterbalanced. Block 1 studies resolution, 
therefore six combinations of the three conditions are applied 
with explicit-click mode. Block 2 studies clicking method, 
and two combinations of the two conditions are applied with 
quarter resolution (latency of 0 ms). Table 1 shows the 
detailed combinations.  

 

Block Resolution Clicking method 

1 

F H Q E 

F Q H E 
H F Q E 

H Q F E 
Q F H E 

Q H F E 

2 
Q E A 

Q A E 
Table 1. Combinations of conditions in two blocks. 

To evaluate human performance, throughput and error rate 
are calculated. Throughput is calculated by the ratio of ID 
and MT. Three markers yield different IDs due to the varied 
distance between them and a starting marker. MT is defined 
as the time from successfully scanning the starting marker to 
scanning the target marker. Effective Movement Time (EMT) 
is further defined to remove the fake delay in the scan 
process. Specifically, for trials under the condition of full 
resolution, EMT is 𝑀𝑀𝑀𝑀 − 1000 , and for trials of half 
resolution, EMT is 𝑀𝑀𝑀𝑀 − 500. Error rate is calculated as the 
number of wrong scans and failed scans divided by the total 
number of scanning operation. User experience about the 
resolution-latency conditions and clicking methods is 
investigated through an online questionnaire after finishing 
the pointing tasks. 

Aside from human performance and user experience, human 
behaviour is also investigated. How close the user holds the 
camera phone to the marker is studied, in the form of marker 
size within the screen. Size is calculated as 𝑤𝑤𝑤𝑤𝑤𝑤𝑤𝑤ℎ2 +
ℎ𝑒𝑒𝑤𝑤𝑔𝑔ℎ𝑤𝑤2 , following the common method of describing 
screen sizes using the length of the diagonal It is not rooted 
due to a consideration of decreasing computation 
complexity. How users hold the phone is also observed, such 
as whether they use both hands or a single hand. 

3.1.1 Hypotheses 
Since a latency of one second might influence people’s 
thoughts, it might also influence their scan behaviour 
significantly. Auto scan leaves out the operation of clicking, 
which might yield better performance than explicit click. In 
particular, the completion time in auto scan might be shorter 
than explicit click, while a higher error rate is expected. In 
terms of user experience, people might find latency of 1000 
ms as well as quarter resolution is uncomfortable in the 
process of scanning. They might prefer auto scan to explicit 
click, because the former is widely applied in daily life. 

Hypothesis 1: Participants’ performance under the condition 
of Full resolution with a latency of 1000 ms is significantly 
worse than that under other conditions in Block 1. 

Hypothesis 2: Participants’ performance under the condition 
of Auto scan is significantly better than that under the 
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condition of Explicit click, while auto scan yields a higher 
error rate. 

Hypothesis 3: Participants feel uncomfortable when the 
latency reaches 1000 ms or when the resolution is very low 
(quarter).  

Hypothesis 4: Participants prefer auto scan to explicit click. 

3.2 Materials 
The experiment was conducted using a smart phone (SM-
G9350, Samsung Galaxy S7 Edge) with Android version 
8.0.0. Two mobile applications were developed for two 
blocks respectively in Qt Creator. Four visual markers from 
d-touch system [3] were applied in this study. The markers 
were printed on papers and stuck on a white board to be fixed 
on the wall. Each marker is 4.0 cm wide and 4.5 cm high. 
One of the markers was set to be the starting marker (SM), 
while the other three were numbered 1, 2 and 3. The markers 
were distributed in an upside-down “L” shape, with a 10-
centimetre distance between each other. The layout is 
demonstrated in Figure 1. The IDs of three markers are 
shown in Table 2. 

 
Figure 1. Layout of scannable targets. 

Marker 
No. 

Distance to 
the SM 

(cm) 
ID 

1 10√5 2.72032 

2 10 1.80735 

3 20 2.58496 
Table 2. ID of three markers. 

 

3.2.1 Application 
The two mobile applications were developed in Qt Creator, 
mainly written in QML. The design of the App follows the 
idea of Model-View-Control (MVC) structure [5]. Java 
Script deals with the main logic part, and QML widgets are 
applied to implement the Model and View part. The 
programme depends on two libraries written in C++: the d-
touch library [3] to read scannable markers; a File I/O library 

to read and write files in physical devices, which is also 
written by the author of this report. The structure following 
an MVC framework is illustrated in Figure 2. Interactions 
between users and the application are presented in Figure 3, 
and are explained in the following paragraphs. 

 
Figure 2. Structure of the application. 

 
Figure 3. UML sequence diagram under the condition of 

explicit scan. 

Application

Label
Button
VideoOutput
Rectangle
Dialog

State machine
Functions

Resolution
Task
Camera
Timer
Dtouch filter
File I/O

Visual

Control

Model

Open the
scan page

User Application Data

Move the
phone to
the front of
the starting
marker

Read the
number of
finished
participants
and tasks (S1)

Show visual
feedback: a
red rectangle

Show visual
feedback: a
red rectangle

Click the Scan
button
(enter S2)

Click the Scan
button
(enter S3)

Move the phone
to a target
marker

Click Ok
(enter S1 again)

Show a dialog

Data from
text files

Update the
task list,
conditions
and labels

Dtouch filter
returns scan
results

Dtouch filter
returns scan
results

Record scan
data; update
progress

Read progress

Show the
next target in
the label
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The logic of the App is realised through a state machine 
framework [31], which is composed of three states: 

State 1: Prepare for next scan 

State 2: Ready to scan the starting marker 

State 3: Ready to scan the target marker 

In the first state, the programme reads the number of 
participants that have completed all the tasks and the number 
of finished tasks for the current participant. The data is stored 
in a text file in the physical device. The programme then 
updates the task list if necessary. For Block1, a task in the 
task list includes the condition of resolution and the target 
number; for Block 2, a task includes the condition of clicking 
method and the target number. In each condition, the three 
markers are set to be scanned for eight times respectively.  

The sequence of targets is randomised, while the sequence 
within one condition for each participant stays the same. For 
example, in the full resolution condition for the first 
participant, the sequence of target markers is 
“233122133222113331121321”, and it is the same for the 
following half and quarter resolution conditions. The third 
participant is expected to scan the targets in the same 
sequence, while the sequence of resolution conditions is full-
quarter-half.  

There are 3 conditions × 3 markers ×8 times × 6 
combinations = 432 tasks in the list of Block 1, and 2 
conditions × 3 markers ×8 times × 2 combinations = 96 tasks 
in the list of Block 2. For each participant, 3 conditions × 3 
markers ×8 times = 72 tasks are fetched from the task list in 
Block 1, and every two participants fetch a new segment 
from the task list. In Block 2, one participant is assigned 2 
conditions × 3 markers ×8 times = 48 tasks. 

Condition Resolution Latency 
Full 640×480 0 ms 
Half 320×240 500 ms 

Quarter 176×144 1000 ms 
Table 3. Resolution and latency settings in Block 1. 

After reading the progress, the condition will be updated 
according to the current task. In Block 1, the resolution and 
latency before visual feedback will be updated if the current 
setting differs from the setting of the task. There are three 
levels of resolution with latency, which are specified in Table 
3. The choice of resolution is based on supported resolution 
options of the device. 176×144 is the lowest resolution 
supported by the device, and 640×480 brings perceivable 
latency in the viewfinder. In Block 2, the scan mode will be 
switched if the task brings a different value of “clicking 
method”. In Explicit-click mode, a button is fixed in the 
bottom of the screen, and it can only be clicked when a visual 
feedback appears on the target. In Auto-scan mode, there is 
no button on the screen, and a successful scan will be 

recorded by the programme once the d-touch system 
recognises a marker. 

When the “Scan” button is clicked (Block 1) or a new marker 
is recognised (Block 2), the state is transited into State 2. In 
this state, it is expected that the starting marker would be 
scanned. If the starting marker is actually scanned, the 
programme will enter State 3; otherwise it will stay in State 
2. If a target marker is scanned in State 2, a dialogue will 
appear, indicating the user that he or she should scan the 
starting marker (see Figure 4). 

 
Figure 4. Error Dialogue. 

State 3 waits for the user to scan a target marker. After a 
target marker is scanned, a dialogue will appear to guide 
users to scan back to the starting marker. Once the dialogue 
is accepted by the user, the programme jumps to State 1. If 
the starting marker is scanned in this state, no response will 
be triggered. 

Scan results are dealt by one function. If the result is a 
starting marker, the function will update a label that shows 
the next target number. If the result is not a starting marker, 
normally data about the last scan will be recorded and written 
into a local file. At the same time, the local file to record 
finished number of participants and tasks will be updated.  

One piece of scan record includes 11 columns, which are 
specified in Table 4. Expected/Actual target number is the 
coding of markers defined by the d-touch system. 
Completion time is the time between a starting marker is 
scanned and a target marker is scanned. In Explicit-click 
mode, it is the time between the two times that “scan” button 
is clicked; in auto-scan mode, it is the two times that a new 
marker is recognised by the d-touch system. The format of 
time is defined by the java script function applied in this 
programme. The width and height of the marker when it is 
scanned is also recorded, and its value is the ratio of the 
marker size to the viewfinder. 

Column Value 
Participant number 1-12 

Block number 0, 1 
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Column Value 
Resolution Full, half, quarter 

Clicking method Explicit, auto 
Expected target number 2341, 2413, 2431 
Actual scanned target 

number 2341, 2413, 2431 

Starting marker scan time 

the number of 
milliseconds since 

1 January 1970 
00:00:00 

Target scan time 

the number of 
milliseconds since 

1 January 1970 
00:00:00 

Completion time 
Target scan time 
– starting marker 

scan time 
Marker width 0.0-1.0 
Marker height 0.0-1.0 

Table 4. Format of a piece of scan record. 

The view of the App mainly consists of a viewfinder, a text 
label in the centre, and a button in the bottom. The resolution 
of viewfinder changes according to the current task in Block 
1, while it stays constant at 176×144 in Block 2. A red 
rectangle will appear as visual feedback if there is one and 
only one marker within the viewfinder (see Figure 5 left). 
The central text label in red indicates next target once the 
starting marker is scanned (see Figure 5 right). The overlay 
design of the dynamic label is suggested by Toye et al.[32], 
which allows users to notice the change easily. When the 
next target remains unknown, the label appears as three 
points. The scan button has a border in yellow, and the border 
width becomes wider when it is clicked, to indicate an 
effective click. The button is disabled when no marker could 
be recognised from the viewfinder. In auto-scan mode, there 
is no button on the screen (see Figure 6). 

 

 
Figure 5. Visual feedback and text labels. 

 

 
Figure 6. Auto scan and explicit scan. 

3.2.2 Questionnaire 
The questionnaire includes three closed questions and three 
open questions, and is published on Microsoft Forms. The 
three closed questions are centred around participants’ 
attitudes towards resolution, lag and clicking methods; open 
questions are designed to understand participants’ subjective 
impressions of the relationship between resolution and lag, 
as well as auto-scan and explicit-click. The order of 
questions follows the design of the experiment, from the 
topic of resolution and lag to the topic of clicking methods. 
The content is specified in Table 5. 

 Question Options 

Q1 

Which level of 
resolution becomes 

unbearable in terms of 
lag before the red 

rectangle appears? 

1. Full 
resolution 
(lag: 1000ms) 

2. Half 
resolution 
(lag:500ms) 

3. Quarter 
resolution 
(lag: 0s)  

4. Does not 
matter 

Q2 

Which level of 
resolution becomes 

unbearable in terms of 
image quality shown on 

the screen? 

1. Full 
resolution 
(640×480) 

2. Half 
resolution 
(320×240) 

3. Quarter 
resolution 
(176×144) 

4. Does not 
matter 
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 Question Options 

Q3 

On what occasions do 
you think the image 
resolution is more 

important than the lag 
when scanning 

markers? 

(Open question) 

Q4 Which clicking method 
do you prefer? 

1. Explicit click 
(with button) 

2. Auto click 
(without 
button) 

3. Hard to say 

Q5 

What positive or 
negative impression do 

you have on the two 
kinds of clicking 

methods? 

(open question) 

Q6 

On what occasions do 
you think the two 

clicking methods are 
respectively suitable 

for? 

(open question) 

Table 5. The content of the online questionnaire. 

3.3 Participants 
Twelve participants (11 female, 1 male, age between 22 and 
27) took part in this experiment, and £10 was transferred to 
each of them as a reward. Participants are recruited through 
online advertisements spread within classmates and friends, 
and consists of graduate students and researchers from 
universities in England. Participants are all right-handed and 
have experience in using mobile scan applications. 

3.4 Procedure 
Consent forms were collected after the researcher explained 
the research to the participants. The usage of the scan 
application and the layout of the markers were then 
introduced to participants. Afterwards, participants were 
guided to stand in front of the markers and started to practice. 
They were told to practice until they could explain the correct 
process correctly. After they were ready, the researcher 
switched the mode from “practice” to “experiment” through 
a hidden button in the application, and participants started to 
scan the markers. The only requirement was to scan as fast 
as possible during the scan of each pair of targets. Since the 
application records the time between scanning the starting 
marker and scanning the target marker, which is a complete 
scan of a pair of targets, participants were allowed to take a 
short break between the pairs.  

The scan experiment includes two blocks, with a focus on 
resolution/lag and clicking methods respectively. In Block 1, 
each participant finished scans for three conditions. Under 
each condition, the three pairs of markers were scanned for 
eight times in a shuffled order which was set in the 

application. The participant clicked the button to scan the 
starting marker first, and then attempted to scan the target 
marker of which the number matched the one displayed on 
the screen. Afterwards, a dialogue reminded the participant 
to scan the starting marker as a new scan. When the 
participants finished all the tasks in three conditions, the 
application quitted automatically. In Block 2, participants 
had to finish the tasks of two conditions. Block 1 took 
approximately eight minutes to accomplish, while Block 2 
took around 4 minutes. During the experiment, if they felt 
the application did not function normally, they would report 
to the researcher to check.  

After the two blocks, the participants were asked to complete 
an online questionnaire using a laptop. They could ask the 
researcher questions if they felt unsure about the meaning of 
the questions. The survey took about 10 minutes to complete. 
4. RESULTS 

4.1 Human Performance 
The experiment yielded 12 subjects× 3 conditions × 3 
markers × 8 selections = 864 data points in Block 1 and 
12×2×3×8=576 data points in Block 2. Thirty outliers in 
Block 1 and thirty-two outliers in Block 2 were removed, 
which were more than 2 standard deviation from the mean.  

Repeated measures ANOVA tests were run on the results in 
Block 1. Human performance tends to be better when the lag 
is shorter and resolution is lower. As shown in Figure 7, with 
the decrease of resolution and lag, throughput increases. A 
significant main effect of Resolution/lag on throughput is 
found (F(2,22) = 18.37, p < .001). A post hoc was further 
run, and there is a significant difference between full 
resolution and half resolution/quarter resolution, while the 
variance between half resolution and quarter resolution is not 
significant. The details are shown in Table 6. No significant 
difference is found in terms of error rate (F(2,22) = 1.000, p 
= 0.384), and the range is illustrated in Figure 8. 

 
Figure 7. Boxplot showing throughput for the three levels of 

resolution/lag. Bars indicate range, lines within the box 
indicate mean. 
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  Mean 
Difference SE t pbonf 

Full Half -2.219e -4 6.106e -5 -3.634 0.012 
 Quarter -3.408e -4 5.731e -5 -5.947 < .001 
Half Quarter -1.189e -4 5.253e -5 -2.264 0.134 

Table 6. Post hoc results for throughput in Block 1. 

 
Figure 8. Bar chart of error rate for the three levels of 

resolution/lag. Error bar stands for standard deviation (SD). 

Paired-samples t-tests were used to analyse the quantitative 
data collected from Block 2. There is no significant effect of 
clicking methods on throughput (t(11) = 1.932, p = 0.079), 
while the error rate under the condition of auto scan is 
significantly higher than that of explicit click (t(11) = 5.162, 
p < .001). Mean and standard deviation are displayed in 
Table 7, and Figure 9 shows the difference between two 
conditions. 

Dependent 
Variable Condition Mean Standard 

Deviation 

Throughput Auto 0.003 0.003 
 Explicit 0.001 2.222e -4 

Error rate Auto 0.142 0.091 

 Explicit 0.010 0.019 

Table 7. M and SD of throughput and error rate in Block 2. 

 

 

 
Figure 9. Plot of throughput and error rate for the two 

conditions of clicking methods. 

4.2 Subjective Impressions 
Most participants (8 out of 12) think the lag in the condition 
of full resolution becomes unbearable, and image quality 
does not matter in the process of scan. Three participants 
chose that lag does not matter during scan and one chose half 
resolution, which was later confirmed that she thought the 
second condition she met was half resolution, but actually 
was full resolution.  

In terms of occasions where resolution might be more 
important than latency, most subjects did not have any idea. 
Two participants answered that “accuracy” might be a factor, 
and one answered “when the QR code is very small”. 

Eight participants prefer auto click and the other four prefer 
to clicking with a button. Explicit click seems not have 
obvious advantages, as only one participant mentions “it can 
be used to scan several items continuously and clearly”. It is 
also mentioned by one subject that she “sometimes forget to 
press the button to scan”. On the other hand, auto click is 
considered to be fast and convenient, and it can also “free 
one of the hands”. Some disadvantages are also mentioned 
by participants, which are centred around a sense of 
uncertainty and confusion: 

P4: “When I scan different items in a short period it made 
me confused.” 

Full Half Quarter
0.00

0.01

0.02

0.03

0.04

Resolution/Lag

Er
ro

r r
at

e

Auto Explicit
0.000

0.005

0.010

0.015

Clicking method

Th
ro

ug
hp

ut
Auto Explicit

0.00

0.05

0.10

0.15

0.20

0.25

Clicking method
Er

ro
r r

at
e



 10 

P8: “The auto click method makes me feel unsure about 
whether it is working well.” 

P12: “The auto mode is a little bit too fast to show the 
results.” 

Participants listed the situations that they felt suitable for the 
two kinds of clicking methods. The situations can be 
generally categorised into three types: material, task, and 
scenario. From the perspective of materials, explicit click is 
commented suitable when there are multiple markers in a 
limited space, while auto scan is considered suitable when 
only one marker is available in front of the camera. 

P1: “(Explicit) when many codes on one page” 

P3: “(Explicit) there are 2+ QR codes near each other” 

P1: “(Auto) when only one large size code on the page” 

P3: “(Auto) … there’s only one targeted QR code. Or other 
unwanted QR codes might be mistakenly scanned, which 
would be annoying” 

From the perspective of tasks, explicit scan is considered 
suitable when the scan task needs to be conducted 
repetitively. Auto scan is deemed more efficient when a 
faster scan is preferred. 

P4: “(Explicit) have to scan several items continuously” 

P6: “(Explicit) work that requires a large number of 
repetitive actions” 

P3: “(Auto) in the rush of scanning QR code…” 

P8: “(Auto) when the task has really high time pressure…” 

From the perspective of scenarios, a consensus seems to be 
reached that explicit click is necessary when the scan activity 
involves payment and identification. The operation of 
clicking gives users a sense of control. Auto click is referred 
to be usable in common daily scenarios. 

P3: “(Explicit) users won't make mistake by clicking the 
button as a way of checking and confirming it” 

P5: “(Explicit) for specific accounts with financial 
transactions” 

P8: “(Explicit) when the feedback of the scanning may be not 
clear…” 

P9: “(Explicit) large payment and identity confirmation” 

P10: “(Explicit) pay or receive money” 

P12: “(Explicit) may be suitable for activities like payment” 

P5: “(Auto) for specific accounts with social aim” 

P9: “(Auto) information collecting in museums” 

P11: “(Auto) normal use” 

The availability of hands is also mentioned in both sides. 
Auto scan is still usable when there is only one hand 

available while explicit scan requires the user is able to touch 
the screen.  

P8: “(Explicit) …and when it is convenient for the user to 
touch the screen” 

P8: “(Auto) when… it is inconvenient for me to touch the 
screen when holding” 

P11: “(Auto) for the disabled perhaps” 
4.3 Observation of Behaviour 
The size of targets shown in the viewfinder was also 
recorded, which reflects how close the participant moved the 
phone to the markers. For Block 1, a repeated measures 
ANOVA test was run on the recorded sizes. Resolution and 
lag do not have a significant effect on the size of markers 
(F(2,22) = 1.700, p = 0.206), as illustrated in Figure 8. For 
Block 2, a paired samples t-test was applied. There is a 
significant main effect of clicking method on the marker size 
(t(11) = 3.342, p = 0.007), and auto scan (M = 1.232, SD = 
0.398) brings bigger size than explicit click (M = 0.800, SD 
= 0.261). Figure 10 shows the differences. 

 

 
Figure 10. Resolution/lag and size (top); Clicking method and 

size (bottom). 
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hold the phone with left hand and click the button using right 
hand. Some participants scanned using both hands from the 
very beginning. One participant held the phone in a 
landscape view when the condition was auto scan. 

Participants showed different strategies when scanning the 
marker 3 in the condition of auto scan. One major strategy is 
to avoid the marker 2 by following a curved trajectory; the 
other strategy is to move the phone very quickly over the 
marker 2. However, the second strategy often led to a wrong 
scan of the marker 2. One participant also scanned marker 1 
in a curved way. 

When the red rectangle did not appear, one participant 
touched the viewfinder to “help” the application to recognise 
the marker. One participant mentioned that the red rectangle 
changed its size sharply in an abnormal way when the 
resolution was low, which made her feel a bit strange. 

After the scan tasks, many participants commented that they 
did not notice the change of resolution. Some participants 
said the auto scan is “too sensitive”. One participant 
mentioned auto scan makes him “feel a bit dizzy” due to the 
continuous jitter during the tasks. 
5. DISCUSSION 

5.1 Findings 
A one-second latency in the condition of high resolution 
slows down users’ scan operations but does not influence the 
accuracy of scanning. Auto scan brings less accurate scan 
results than explicit click, while no significant difference of 
scan speed is found between the two clicking methods. It is 
also found that participants tend to move the phone closer to 
the marker in auto scan mode. From the questionnaire, it is 
revealed that users tend to pay little attention to resolution 
but have negative impressions on the one-second latency. 
Most participants prefer auto scan to explicit click, while 
some disadvantages of auto scan are also put forward. 
Despite their preference of auto click, participants list 
various situations that the two clicking methods are suitable 
for respectively. 

The results partly support the hypotheses, but show a more 
complicated view than what was expected. Since human 
performance involves both throughput of scanning and error 
rate, neither of the two independent variables is related to a 
significantly better performance. The trade-off of “speed and 
accuracy” [35] seems to appear in the experiment, but the 
sacrifice of speed does not bring improved accuracy, neither 
does a higher error rate relate to significantly improved 
throughput.  

Another trade-off of “speed and accuracy”, which is not of 
the conventional meaning, was thought to exist between 
resolution and lag, but no evidence is found to support it. The 
classic trade-off problem is discussed from the view of a 
person; people have to sacrifice accuracy for speed or 
sacrifice speed for accuracy in many kinds of tasks [35]. In 
the context of resolution and lag, a lower resolution might 

increase the possibility of a failed scan, which is a decrease 
of accuracy; since lower resolution means the frames that 
need to be processed are relatively smaller, the time needed 
to recognise a marker might decrease, which can be 
explained as faster speed.  

Based on the results in this experiment, the decrease of 
resolution does not bring lower recognition rate of markers. 
Actually, with the lowest resolution supported by the mobile 
phone, the code reading system was able to recognise the 
marker quickly. It can be explained by the robust design of 
markers and code reading systems. From the perspective of 
designers, scannable markers are specially designed to be 
recognisable in poor conditions such as low resolution and 
poor light [3,36]. As a result, it can be assumed that low 
resolution can provide stable recognition results. 

It is not surprising that users care more about latency than 
resolution when scanning codes. The aim of scanning 
decides the limited attention that users pay to the resolution 
of viewfinder. Users scan the code for further information, 
which means scanning itself is not the core concern. The 
action of scan only requires a successful recognition of a 
marker by the code reading system, rather than taking a high-
resolution picture. As long as the system is able to decode 
the marker, users tend not to notice the viewfinder resolution. 
Although one participant mentioned the unstable size of the 
visual feedback in low resolution condition, which might be 
caused by the drawback of the decoding system, the problem 
can be deemed as a minor one. On the contrary, users appear 
less tolerant to a longer latency, which is in accordance with 
the findings in previous research that people put more 
emphasis on delay reduction [14,18]. 

As most scan functions applied in daily life are in auto scan 
mode, it is natural for users to prefer auto click to explicit 
click. However, the performance data collected in the 
experiment and the answers from the questionnaire also 
suggest there are reasonable usage scenarios for explicit 
click, and it does not harm human performance significantly 
in scanning tasks. One typical scenario is when multiple 
markers stay close to each other, which may lead to 
recognition of a wrong target easily in auto mode. A button 
enables users to control which target to scan.  

From the data of marker size within the viewfinder, it is 
found users tend to move the phone closer to the target in 
auto mode. It might mean users lack a sense of control over 
the scan function, and moving closer helps add the sense of 
control. Explicit control, on the other hand, in itself gives 
users a sense of control. The visual feedback, the red 
rectangle appearing over the target again enhances the sense 
of control, emitting a clear signal that the marker has been 
recognised. Although the time it takes to recognise the target 
is the same for the two clicking methods, the form of which 
a result pops up is different. In auto scan, the result jumps 
out suddenly without a “signal”, which means it might 
happen immediately or after a few seconds. It completely 
depends on the system to show the result. Explicit click, 
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however, hands over the power to users, letting users decide 
the time to show the result. The result will appear 
immediately after the user clicks the button, despite the fact 
that it actually takes longer time to return a result than auto 
click. The “extra” operation might assure users that they are 
in control of the scanning process. 

The simple action of click might bring a sense of control to 
users, which is favoured on some occasions. Several 
participants mentioned financial transactions and identity 
authentication when asked what occasions they feel explicit 
click is suitable for. This reflects the sense of control that 
users can gain through the operation of click by intuition. In 
daily life, automatic scan of QR codes are widely applied in 
authentication processes, and schemes are carefully designed 
to ensure the security during communication [4,15]. If the 
scannable target is clear, the action of auto scan is also 
controlled by the user, as the user has to actively move the 
camera phone to the front of the marker. If there are multiple 
markers and the user has difficulty locating the only one that 
he or she would like to scan, an explicit way of clicking 
might be preferred.  

Taking cases of attacks based on QR codes into 
consideration, explicit click can function as a shield and 
actually improve security of activities of scanning codes. 
According to Krombholz et al. [13], QR codes in public 
places might be replaced completely or partly by malicious 
attackers, which exposes users at risk. While users may hold 
concern about the trustworthiness of the scannable targets, a 
scan application using auto scan mode might recognise the 
marker directly without a buffer, as code reading systems are 
generally sensitive and efficient. To avoid being attacked 
easily, explicit click could be combined with design 
directions suggested by Krombholz et al., such as displaying 
the expected content on the screen, or pre-process the content 
[13]. 

If there is a series of scan tasks to be completed, just like this 
experiment, explicit click might also function as a point of 
separation between each scan task. The action of scanning 
divides the whole process into multiple “chunks”, which is a 
common term used in Psychology and Cognitive Science. 
Chunking has been investigated in various fields [7], and it 
is often an unconscious motor action. However, studies also 
reveal that it might help acquire skills effectively by 
intentionally dividing a sequence of actions into several 
chunks [6]. Scanning cannot be considered as a kind of skill 
acquisition, yet the chunking brought by explicit clicks might 
help users gain a sense of stability and a sense of control. As 
one participant said, the continuous movement of the phone 
in auto scan mode makes him feel “dizzy”. The negative 
experience might come from the minor yet persistent shake 
of the camera phone, and the lack of a “break” point 
enhances the feeling of instability. 
5.2 Implications 
Low resolution is adequate for code scanning. A relatively 
low-quality frame captured by the camera can be 

successfully decoded by the code reader system, which can 
be attributed to the robust design of such coding and 
decoding systems. The low-quality image displayed in the 
viewfinder would not bring negative experience to users, 
because users tend to ignore the viewfinder resolution and 
expect a shorter latency before the scan result pops out. 
Although the cut-down of resolution might not lead to a 
greatly shorter lag, it is recommended to apply available 
means to shorten the processing time of the scan process. In 
other words, it is unnecessary to apply high resolution 
settings for the viewfinder in a code scanning scenario. 

Explicit click seems to be a better choice than auto click, 
especially when multiple targets are close to each other. 
The two clicking methods did not vary significantly in terms 
of throughput, while a lower error rate was found in the 
mode of explicit click. In other words, explicit click did not 
make the scanning process slow, which is contrary to 
participants’ impressions, and it caused few mistakes during 
scanning, especially when the targets were close to each 
other. When multiple scannable markers stay adjacent to 
each other, it becomes challenging to point a target in auto 
scan mode. In spite of various strategies that users could 
apply to avoid scanning other markers by accident, the 
probability of a wrong scan is rather high. On the other hand, 
although users might have the impression that auto click is 
faster than explicit click, which might not be true according 
to the experiment result, the potential risk of a wrong scan 
can make it less efficient than explicit scan.  

A typical scenario where multiple scannable targets exist is 
in galleries. In a gallery that collects abundant artworks, the 
collections are often hang on the wall adjacent to each other. 
Users are able to access more information about a piece of 
artwork by using applications with a scanning function. 
Smartify is such an application that supports recognition of 
some works in National Gallery in London [37]. As it applies 
an auto scan mode, the application might negatively 
influence user experience due to wrong scans at times. 
Explicit click is more user-friendly in such scenarios. 
However, if users are not able to use their hands to touch the 
screen, explicit click becomes inconvenient compared with 
auto click. 

The sense of control is a factor worth consideration when 
designing scan-related applications. A sense of control and 
security is preferred in financial and identification situations. 
If the system does not return a result immediately, users are 
likely to feel unsure and worried. Explicit click might 
provide a sense of control, although it does not actually 
influence the scan of the code reading system. In a scenario 
that the scannable marker might be modified maliciously, 
explicit click could increase controllability and thus improve 
security, if combined with other design features. Explicit 
click might also assure users by chunking the scan process 
into multiple small units, which might be helpful when there 
are a series of scan tasks to be accomplished. 
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5.3 Limitation 
One limitation is that the correspondence between resolution 
and lag may be far from the reality. In the design of this 
experiment, a 640×480 resolution is matched with a 1-
second lag, and the lag is shortened by half with a 320×240 
resolution. Due to the high computation power of current 
smart devices, a one-second latency might not be found in 
the scanning process. Furthermore, the time spent on 
decoding the marker from the frame captured by the camera 
might compose a very small part of the whole latency, and 
thus the cutting down of resolution would not shorten the 
latency significantly. This makes the contribution of the first 
block of the experiment limited, considering the generally 
strong computation power of the devices today. 

Furthermore, the range of resolution and lag in this 
experiment is relatively narrow, with only three options. It 
makes the analysis of the trade-off between resolution and 
lag limited. The gap between the settings of latency could be 
narrowed, for example, from 500 ms to 100 ms. A larger 
range with more combinations of resolution and lag could be 
considered.  

The successful scans under the condition of the lowest 
resolution indicates a limitation that the tested markers are 
very robust. One of the reasons why the researcher was 
interested in the trade-off between resolution and lag is that 
a low resolution might incur a scan failure. However, in the 
experiment, no scan failure happened. This can be explained 
by the general robust performance of scannable markers, but 
there might exist markers that are not so robust as the tested 
ones. It would be interesting to investigate the trade-off when 
recognition of markers fails under the condition of low 
resolution. 

Another limitation lies in the method to calculate index of 
difficulty, which is involved in the calculation of throughput. 
In the equation that ID = log2(𝐴𝐴

𝑊𝑊
+ 1), A is the distance of 

movement, and W is the target width. Since the scan task is 
designed to start with the same starting marker, A of the three 
markers is calculated as the distance between each marker 
and the starting marker. W stays the same value due to the 
identical marker size. However, the movement distance of 
the camera phone does not necessarily equal the distance 
between markers. Although most participants tended to point 
the target with it being in the centre of the viewfinder, there 
were still minor differences in terms of movement distance 
due to the differences of holding posture and scanning habits. 
Some participants moved a minimum distance to scan the 
targets, while others attempted to let the marker appear in the 
centre of the viewfinder.  

The task design of this experiment also has its limitation. The 
starting point of applying a non-conventional task design is 
to approach the setting of a real scenario, such as in a gallery. 
In a gallery, multiple scannable targets can be found on the 
same plane, and visitors are likely to scan continuously to 
access the introduction of this piece of artwork, which takes 

a short period of time to read. In the experiment, however, 
the continuous scanning does not include the short “reading” 
time. It makes the task rather unrealistic compared with the 
gallery setting, while the design does not follow a traditional 
cyclical task in the laboratory setting either. Therefore, the 
ecological validity of the results may not be very high. 

6. CONCLUSION 
This paper presents a study about human performance and 
user experience of using camera-based scanning 
applications. With a non-conventional design of scan tasks, 
it is found a relatively long latency strongly influences users’ 
throughput capacity in a negative way, while resolution of 
viewfinder has little effect on users’ performance or 
experience. Two modes of clicking methods for scan 
applications vary in their effects on the error rate of scanning, 
as more mistakes were made in auto mode. Users prefer auto 
scan over explicit click, but there are certain scenarios that 
explicit click is suitable for. A lack of senses of control under 
the condition of auto scan is also revealed through users’ 
behaviours and subjective impressions. 

Implications that can be seen from the results involve three 
perspectives. Regarding the physical setting of the 
viewfinder, a low image quality is adequate for code 
scanning, since scannable codes are intentionally designed to 
be robust against poor scan conditions. For the scenarios 
where multiple scannable targets are close to each other, 
explicit click is recommended, because it avoids unexpected 
recognition of other markers. Finally, a sense of control 
could be gained through combining the explicit click into the 
scan process, which is worth considering when designing 
applications for scanning codes. 

The setting of pictures in a gallery points out a direction for 
further research about scanning. Not all the pictures in a 
gallery is scannable, and this might make visitors confused 
if there are no clear signs showing whether a picture can be 
scanned. It could be investigated what forms of signs is 
needed when the scannable marker is not as obvious as QR 
codes. The experience brought by scanning markers of 
different design styles can also be studied, such as barcode, 
QR code, designable visual markers [3] and hidden markers 
within a picture. The former ones make it clear that it is 
scannable, while the last two kinds of markers might bring 
uncertainty to users. 

How the sense of control may influence user experience 
when using scanning applications can also be researched. 
People’s need for the sense of control varies according to the 
usage scenario, for example, the need might be urgent for 
scenarios of transactions or identification, while scanning a 
picture in a gallery does not yield a need of security. Aside 
from the existence of a button, what design features might 
help build a sense of control can also be explored. 
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