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Abstract: Handheld augmented reality (HAR) is an expanding novel technology and user studies are very 
important part for driving its design activities. In order to form design guidelines and principles, it is im-
portant to gain better understanding of the usage of HAR systems. This paper describes the iterative de-
sign process of a state-of-the-art pragmatic simultaneous localization and mapping (SLAM) based HAR 
work support system prototype. As a contribution, results from the user studies of the proposed system are 
presented as well as category-specific design guidelines for similar kinds of HAR SLAM-based systems. 
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1. INTRODUCTION 

The amount of HAR systems is increasing 
rapidly due to fast technical development of 
handheld devices (smart phones and tablet 
PC’s). Usefulness and usability are an im-
portant part of a positive user experience, 
which should be the main objective in HAR 
system design. Pragmatic HAR systems have a 
tendency to provide a strong initial positive 
user experience caused by the novelty of the 
technology. However, the actual usefulness of a 
system can only be determined after it has been 
used for a long time. The focus of the users 
should always be on the task at hand, not on 
the new technology. 
In order to create useful and usable systems, it 

is important to follow knowledge and experi-
ence based design guidelines, which state the 
desirable features of a good interactive system 
[1]. Inside the field of HAR, there are many 
application areas that lack formal catego-
ry-specific design guidelines. SLAM-based HAR 
systems are one area, which usefulness and 
usability has to be studied further in order to 
gain more knowledge to develop design guide-
lines. 
The focus of this paper is on the iterative de-

sign process of a SLAM-based HAR work sup-
port system prototype, which uses embodied 
interaction technique. This system can guide 
users to operate different kinds of equipment 
and devices in various environments by show-
ing virtual instruction annotations. Compared 
to other tracking methods, the advantage of 
SLAM tracking is that it can instantly generate 
the AR environment without any prior 
knowledge of the real environment. However, 
the usage of SLAM-based HAR systems can be 
difficult for those who have no knowledge about 

SLAM technology. This paper presents user 
studies of the SLAM-based prototype and cat-
egory-specific guidelines based on these studies. 
These guidelines can be used in designing sim-
ilar SLAM-based HAR systems. Section 3 in-
troduces the developed prototype system and 
its functionalities. Design and evaluation pro-
cess is presented in Section 4.  

2. RELATED WORK 

A design guideline related HAR research is 
still in its infancy. Most of the published re-
search has a strong focus on how to overcome 
technical difficulties [2]. This section introduces 
AR and HAR studies, which have presented 
guidelines or principles that can be taken into 
consideration or used also in SLAM-based sys-
tem design. In addition, results from another 
AR work support system study are presented.  

Xu et al. [3] have summarized a short list of 
interaction guidelines and created pre-patterns 
for designing embodied interaction for HAR 
games. Guidelines suggest, for example, to 
support one-handed interaction and to consider 
natural viewing angles. Pre-patterns include 
principles related to device metaphors, control 
mapping, seamful design etc. Dünser et al. [4] 
have compiled general design guidelines for all 
kinds of AR systems based on the known design 
principles and heuristics. These guidelines 
include factors related to affordance, cognitive 
overhead reduction, low physical effort, learna-
bility, user satisfaction and flexibility in use. 

Gabbard and Hix [5] have formed detailed set 
of design guidelines for AR systems based on 
previous AR and virtual reality (VR) research. 
Authors have talked mainly about human fac-
tors. They divide guidelines into four groups: 
VR/AR users and tasks, virtual model, VR/AR 
user interface (UI) input mechanisms and 



VR/AR UI presentation components. They have 
highlighted, for example, supporting 
two-handed interaction, using progressive dis-
closure and including a navigational AR map. 
Kruijff et al. [6] have studied the perceptual 
issues of AR. They have mentioned, for example, 
following factors that affect the perceived qual-
ity in handheld devices: color correctness, envi-
ronment illumination, occlusion and poor visi-
bility of objects, reflections, depth cues and 
users’ individual differences. They also define 
perceptual issues related to capturing and 
augmentation.  

Ishii et al. [7] have done various studies re-
lated to nuclear power plant AR maintenance 
work support systems. They have researched 
how to improve tracking and user interfaces, 
and performed user evaluations. Results from 
the evaluation of the HAR configuration 
showed that system could be expanded to many 
different areas related to maintenance work. 
However, there still are obstacles such as those 
related to occlusion and physical size of the 
used tablet device. 

From the point of view of SLAM-based sys-
tems, guidelines and principles presented in 
existing (H)AR research are very general. 
SLAM-based HAR systems is a very novel ap-
plication area. No research focuses on the usa-
bility and usefulness of SLAM-based HAR work 
support systems. Therefore, category-specific 
guidelines for these kinds of systems are also 
missing.  

3. PROTOTYPE SYSTEM 

The purpose of the proposed system is to 
support work related tasks by giving virtual 
instructions on how to set up and use different 
kinds of equipment and devices in the real 
world. The system can be used in different en-
vironments like in a laboratory, a lecture room 
or a maintenance facility. 

The prototype system is developed for iPad 
tablets and it uses PointCloud SDK for iOS [8]. 
The system tracks the environment and creates 
a feature point map. Each feature point can 
have an annotation. The system has functions 
to create (authoring mode) and view (viewing 
mode) text-based annotations using the iPad 
tablet. Details of the viewing and authoring 
mode are described in Sections 3.1 and 3.2. The 
system uses embodied interaction technique, 
where users remain in the real world, but they 
focus on the devices movements and it’s 
touchscreen [9]. 

3.1 VIEWING MODE  
The purpose of the viewing mode is to enable 

the viewing of annotations, which are instruc-
tions for setting up devices and equipment in 

the real world. The task scenario of viewing 
annotations can be divided into four sub-tasks 
as shown in Figure 1. In this mode, the user 
has to select the instruction that they want to 
know. The procedure-view is then displayed. In 
this view, the user selects the desired procedure 
from the overview picture of the devices. After 
the procedure selection, the system moves to 
the AR-view. The user can see the annotations 
after finishing the initialization of the SLAM 
map tracking.  

3.2 AUTHORING MODE 
The authoring mode enables the creation of 

annotations. Five subtasks of the annotation 
creation are listed in Figure 2. In this mode, 
user takes a picture of the equipment or devices 
that they want to add a virtual instruction. 
Then, procedure markers can be added to the 
picture by tapping on the tablet screen. After 
adding the marker, SLAM-based map con-
struction is then executed. Finally, users can 
insert and write annotations to the real world 
by selecting the feature points reconstructed by 
the SLAM. 

4. SYSTEM EVALUATION 

Three formative user studies have been con-
ducted to the proposed system in order to find 
usability issues and get the users’ opinion on 
the overall usefulness and usability of the sys-
tem. A usability issue can be anything in the 
system that has a negative effect to the use 
situation, such as when an action produces an 
error, or when user gets confused and does not 
understand the navigation. From the design 
point of view, most useful issues are those that 
point to possible improvements in the system 
[10]. Two preliminary studies were conducted 
on the early prototype version of the system, 
and one main user study was performed to the 
improved system design.  

Every user study was conducted in an actual 
use context, which was a lecture room envi-

1) MENU-VIEW 
Select an instruction set 

2) PROCEDURE-VIEW 
Select the desired procedure from the 

overview image 

3) AR-VIEW 
Initialize tracking by pointing the device and 

aligning the camera angle correctly 

4) AR-VIEW 
View the annotation(s) 

Figure 1: Subtasks for viewing an annotation. 



ronment. Test tasks represented real world 
tasks of setting up audio and video (AV) 
equipment prior to holding a lecture. In this 
kind of environment, lecture holders need to 
know how to use the audio and video equip-
ment in order to have a lecture. Setting up the 
equipment can be difficult and it is necessary to 
use some form of guidance. The test device in 
all studies was an iPad 2 tablet. 

4.1 PRELIMINARY USER STUDIES 
The proposed system prototype was tested 

with actual users for the first time in the two 
preliminary studies. Evaluation methods used 
in both studies were a usability test followed by 
a semi-structured interview. Usability test 
sessions were observed with two moderators. 
Video and audio was recorded with two video 
cameras. One camera was used to record audio 
during the interviews. A short instruction 
about the system was given to the test partici-
pants at the beginning of the test session. 

The first preliminary study focused only on 
the viewing mode, and in the second prelimi-
nary study, the authoring mode was evaluated. 
These two studies can be considered partially 
parallel and partially iterative. Studies focused 
on different features but minor improvements 
where made to the UI between the studies. 

Six participants (22-28 years old) participat-
ed in the first preliminary study. The pilot 
study was performed with one additional test 
participant. All participants were students of 
information science. Participants had to use the 
system to instruct them on the set up of a lec-
ture room equipment. Study included three 
tasks: 1) Set up video and audio cables. 2) Set 
up projector and video input. 3) Check that AV 
devices are working correctly. Test participants 

had no previous experience in using up the AV 
equipment in the test environment. 

The main cause of usability issues in the first 
preliminary study was weak detection and 
tracking of the environment. For example, if 
the viewing angle was not correct, detection did 
not work. The lack of instructions and feedback 
in the UI also caused confusion. The partici-
pants also mentioned the difficulty of viewing 
the annotation and interacting with the 
equipment at the same time because annota-
tions can only be seen while looking through 
the device. The location and the content of an-
notations caused some issues: it was sometimes 
uncertain what the annotation text means and 
to which object it refers to. The content of an-
notation is user-created, so it cannot be fixed 
with better design. 

The second preliminary study also had six 
participants (23-30 years old) and one addi-
tional participant for the pilot study. Test par-
ticipants were information science students. 
Two of them had participated in the first study. 
Three test tasks included the creation of in-
struction sets that represented the test tasks in 
the first preliminary study. Instruction sets 
created were: 1) Connect video and audio cables 
2) Set up projector and choose correct video 
input 3) Check audio devices and levels. 

Tracking and detection errors caused several 
issues in the second study as well, although the 
amount was lower compared to the first study. 
Every participant had problems with detecting 
feature points from the desired location, which 
forced them to add annotation to an undesired 
place. The UI was lacking proper feedback from 
several actions. For example, participants were 
not sure if the annotation was saved when they 
pressed the save-button. Some of the UI ele-
ments were either placed poorly or made too 
small. 

4.2 IMPROVEMENTS 
The user interface was improved and new fea-
tures were added based on the results and 
feedback gained from the preliminary studies. 
The instruction texts were added to every view 
(an example of procedure-view is shown in Fig. 
3) in the viewing mode. A target camera angle 
image was added to the AR-view (Fig. 4). The 
improvements done in each subtask (described 
in Fig. 1) are as follows: 
1) Menu-view: added more informative but-

ton labels. 
2) Procedure-view: added an instruction text 
3) AR-view: added an instruction text, a tar-

get camera angle image and improved 
tracking. 

4) AR-view: added a freeze video image fea-
ture and arrows to annotation boxes. 

Instruction texts were also added to different 

1) MENU-VIEW 
Create a new instruction set 

2) CAMERA-VIEW 
Take a picture of those devices or equipment to 

where annotations will be added. 

3) PROCEDURE-VIEW 
Mark the procedure(s). 

4) AR-VIEW 
Construct the teature point map of the environment.  

5) AR-VIEW 
Create an annotation by taping the desired feature 

point and write an annotation text. 

Figure 2: Subtasks for creating an annotation. 



views in authoring mode. An example of anno-
tation text input is shown in Fig. 5. An instruc-
tion animation was added in order to make the 
feature map construction easier (Fig. 6). A de-
tailed list of improvements done (for each sub-
task in Fig. 2) for authoring mode are: 
1) Menu-view: added more informative but-

ton labels. 
2) Camera-view: added an instruction set. 
3) Procedure-view: added an instruction set. 
4) AR-view: added an instruction text and 

animation. 
5) AR-view: added an instruction text, func-

tion to delete annotations and feedback to 
the save-button. 

4.3 USER STUDY 
Another user study was done to the improved 

version of the system prototype. Both the au-
thoring and the viewing modes were evaluated. 
The objective was to find more usability issues 
and gather participants’ opinion and feedback 
about the learnability, efficiency and user sat-
isfaction of the improved system design. Niel-

sen [11] describes these three attributes as part 
of the five main attributes of usability. 

The pilot study was done with one partici-
pant and the actual test included a total of ten 
test participants between 22 and 39 years old 
(eight males and two females). Six participants 
were students of information science, three 
were from biological sciences and one test par-
ticipant was from material sciences. In a scale 
from one to five (1 = very bad and 5 = very good) 
the mean value for test participants’ handheld 
device (phones, smartphones and tablet PCs) 
usage skills was 3.6. Seven out of ten partici-
pants had no previous experience with other 
mobile AR systems. None of the test partici-
pants had participated in either of the prelim-
inary studies.  

A usability test, post-test questionnaire and a 
semi-constructed interview were used as eval-
uation methods. A short instruction about the 
system was given to each participant at the 
beginning of the test. Test sessions were rec-
orded with one video camera. The usability test 
included six test tasks (Table 1), which corre-

Figure 3: Improved procedure-view in the viewing 
mode. 

Figure 5: Annotation input in the authoring mode. 

Figure 6: Improved detection guidance in AR-view of 
the viewing mode.  

Figure 4: Improved detection guidance in AR-view of 
the viewing mode.  



sponded the test tasks used in preliminary 
studies. Minor changes to tasks were made in 
order to improve the overall task flow. The 
viewing mode was used for the first three tasks 
and the authoring mode was used in the last 
three tasks. 

In the questionnaire, test participants gave 
their initial opinion of the system based on the 
usability test. The questionnaire used was in 
5-point Likert scale (1 = strongly disagree and 5 
= strongly agree). Statements were based on 
the System Usability Scale [12] and the Com-
puter System Usability Questionnaire [13]. 
They measured learnability, efficiency and user 
satisfaction. The questionnaire also included an 
open text question for free comments. The re-
sults of the user study are described in the next 
section. 

5. RESULTS AND DISCUSSION 

The user study’s questionnaire statements, 
mean (M) and standard deviation (SD) values 
are shown in Table 2 (sample size = 10).  All of 
the statements, except the second one, were 
positively worded. In the post-test discussion 
session, six participants commented that the 
general idea of the system is very good and that 
it can be useful in many kinds of environments, 
not only in a lecture room. Related to the use-
fulness, one participant noted: “It’s not always 
clear what to do even if someone gives me an 
instruction.” Another participant raised con-
cern about the difficulty to use the system in 
narrow spaces, like facility environments. Par-
ticipants also criticized the lack of instructions 
and feedback when the feature point map con-
struction or detection was not working correctly. 
Three participants commented that the detec-
tion worked very fast in the viewing mode. 

Usability issues found are related to user in-
terface elements, provided instructions and 
feedback, and technical problems. Several par-
ticipants had problems understanding the 
purpose of the save-button in the authoring 
mode. They tried to save the constructed fea-
ture point map instead of a written annotation. 
While constructing the map, it was unclear 
when the construction has ended, and it is pos-
sible to add annotations. Several participants 
tried to tap feature point icons during the con-
struction process. 

Feature point map construction and detec-
tion caused some problems, considerably in 
tasks two and four (table 1). In the second task 
the viewing angle was not accurate enough. In 
task four, every user had problems with the 
construction of the map with the necessary 
number of feature points. This was mainly 
because feature points needed to be added to a 
touchscreen device. Based on the test partici-
pants’ comments and the results of the ques-
tionnaire, initial opinions toward the system 
can be considered positive. Mean value in every 
positive worded statement is above the average 
of 3, and the average for the statement number 
two was below it. This data is only subjective. 
The proposed system prototype is still in the 
early stage of the development cycle. At this 
point, it is still more important to gather early 
feedback, rather than focus on the objective 
data. It should also be taken into account that 

# Statement Mean SD 
1 I think this system was easy to 

use. (Efficiency) 
3.9 0.57 

2 I would need the support of a 
technical person to be able to use 
this system. (Learnability) 

2.1 0.88 

3 The user interface of this system 
is pleasant. (User satisfaction) 

4.0 0.82 

4 I can effectively complete my 
tasks using this system. (Effi-
ciency) 

4.4 0.70 

5 This system gives me clear in-
structions. (Learnability / Effi-
ciency) 

3.6 0.84 

6 It was easy to learn how to use 
this system. (Learnability) 

4.2 0.63 

7 I would recommend this system 
to my friends or colleagues. 
(User satisfaction) 

4.3 0.68 

8 The feedback given by this sys-
tem is easy to understand. 
(Learnability / Efficiency) 

3.6 1.27 

9 Overall, I am satisfied with this 
system. (User satisfaction) 

4.1 0.74 

 

# Task description 
Viewing mode 
1 Connect audio and video cables.  

- Connect VGA-cable 
- Connect two audio cables  

2 Set up the projector and choose a correct video 
input. 
- Turn on the ‘Main Projector’ from a    
touchscreen 
- Choose ‘VGA-1’ input from a touchscreen 

3 Check audio devices and levels.  
- Turn on the power to audio mixer 
- Put ‘Main 2’ audio level to 5 

Authoring mode 
4 Create an instruction set for connecting audio 

and video cables. 
5 Create an instruction set for setting up the pro-

jector and choosing the correct video input. 
6 Create an instruction set for checking audio 

devices and levels. 
 

Table 1: Test tasks used in the main user study. 

Table 2: Questionnaire statements and results. 



since seven users had no previous experience of 
HAR, novelty value might have an impact on 
their opinion, which rendered the answers to be 
more positive. 

Even though instructions and feedback were 
added to the system, according to the S5 (M = 
3.6 & SD = 0.84) and S8 (M = 3.6 & SD = 1.27) 
they should still be improved. Nevertheless, 
instructions had an effect to the amount of de-
tection and mapping problems because they 
had some understanding of how to detect the 
feature point map.  

S2 (M = 2.1 & SD = 0.88) indicates the 
learning curve with regards to the system. 
Based on the observations during all of the user 
studies, learning curve exists. For example, it 
takes time for a user to learn the embodied 
interaction metaphors (moving the device cor-
rectly) in order to get the best detection results. 
Moderate learning curve is acceptable since the 
proposed system is used with work related 
tasks, rather than being a walk-up-and-use 
system that needs to have zero learning time. 

Based on the results from the iterative design 
process, following (preliminary) guidelines for 
SLAM-based HAR work support systems are 
proposed: 
1) Provide enough visual cues that aid fig-

uring out the real-virtual relationship 
between an annotation and the correct re-
al object.  

2) Implement features that enable the ob-
servation of virtual annotations 
side-by-side with the real objects. 

3) Give users clear and informative instruc-
tions on how to detect and construct the 
feature point map. 

4) Provide feedback to the user about the 
quality of feature point map. This is espe-
cially important in a map construction 
phase. 

6. CONCLUSION AND FUTURE WORK 

This paper described the iterative design 
process of a SLAM-based HAR work support 
system, which included a total of three user 
studies. The purpose of the user studies was to 
find out usability issues from the system and 
gather feedback related to usefulness and usa-
bility. Based on the results, the opinions to-
wards the system are positive and it has poten-
tial to be highly effective in work related tasks. 

The prototype system has been evaluated 
only in short test sessions. The gathered results 
about usefulness and usability have been 
highly subjective and based only on initial use 
experiences. In order to gain better under-
standing of the efficiency and user satisfaction, 
more detailed objective evaluation results are 
needed. For future work, long-term compara-

tive testing needs to be done. Also, the iterative 
development process of the current prototype 
system will continue. The system will be im-
proved based on the results from the latest user 
study and some minor improvements will still 
be done based on the issues found from the 
preliminary studies. The user interface will be 
polished and more new features will be added 
as well.  
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