
 

 

Towards an engineering approach for 
designing wearable augmented reality 
systems: Methods and experiments

 
 

Abstract 
In this paper, we propose a collaborative research 
project working towards an engineering approach for 
augmented reality with the specific focus on mobile and 
wearable systems. In previous workshops of our series, 
we found that technology was not ready for 
engineering, but we believe that this has changed now, 
for instance recent developments show that hardware 
is progressing rapidly and could really be ready in 2-3 
years. What’s missing is standardized approach to 
develop systems that are useable and “economically 
reasonable to build and operate”, hence we propose an 
open and standardized approach that can be replicated 
by different research groups in different countries and 
applications and different users. 
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Introduction 
In this paper, we describe an engineering approach for 
designing augmented reality systems and a plan for 
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generating the necessary experimental data to support 
engineers in building AR solutions for professional 
environments. We invite the scientific community to 
join our effort in creating standardized tests for simple 
tasks supported by AR systems. The benefit of this 
approach is that engineers can use a well-tested 
dataset of past experiments to guide the design of new 
augmented reality systems and the scientific 
community can use our approach to create new AR 
technology and validate it against a set of well-known 
test tasks. 

The current situation 
Creating an augmented reality solution is a complex 
task that crosses many domains such as hard- and 
software engineering, user interface design and 
usability research. While there are many commercial 
solutions available to implement augmented reality on 
various devices, it is challenging to select the right form 
of augmentation, interaction method, device and UI. 

Right now, due to continuously shortening development 
cycles, time-to-market for industrial IT systems 
becomes more critical and a guided and pre-structured 
approach for system and application development 
would be helpful. For now, the variety of tasks 
supported by wearable systems and the diverse 
functionality of the systems set high challenges for 
requirements analysts and systems engineers. 

For instance, a task may require both hands, so a 
handheld device may be of limited utility. On the other 
hand, familiar handheld devices such as tablets or 
mobile phones may simplify the training of new users. 
Modifications in the environment such as indicator 

lights may be good from a usability perspective but 
could be too inflexible or costly for the task. 

Primary Tasks 
In order to have a manageable set of tasks to analyze, 
we compiled the following list of task categories [see 
Table 1]. It is important to understand that these task 
categories refer to the “Primary Task”, i.e. the actual 
job that is to be supported by the wearable AR system. 
The interaction with the system is either a concurrent 
or an interrupting, but still supporting “Secondary 
Task”. 

 

Task Category Description 
Move to Target Change the location of 

work, eventually carrying 
tools or work items, 
eventually using means of 
transportation 

Pick and Place Pick up an item and place 
it in a defined location 

Assemble-Disassemble Connect two or more 
parts into an assembly or 
remove parts from an 
assembly  

Inspect Determine if predefined 
conditions are met, 
potentially using 
measurement devices 

Operate Turning a handle, use a 
power tool, etc. 

Monitor Observe information of 
actuators, and take action 
if abnormal values occur 

Document Archive information 
acquired during previous 
tasks 
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Table 1. List of basic categories for Primary Tasks. 

An example of a sequence of tasks is the changing of a 
car tire [see Table 2].  

Step # Task Task Category 
1 Move to correct tire Move to target 

2 Use power tool to 
unscrew screws 

Operate 

3 Remove tire Assemble-
Disassemble 

4 Mount tire, align holes 
for screws 

Assemble-
Disassemble 

5 Use power tool to 
screw in screws 

Operate 

6 Observe torque on 
power tool 

Monitor 

7 Verify if tire is mounted 
correctly and all screws 
are tight 

Inspect 

8 Fill in maintenance 
report 

Document 

Table 2. Example of Primary Tasks and the assigned task 
category. 

Secondary Tasks 
In order to support the actual job, i.e. the set of 
identified Primary Tasks, we need to define an 
additional list of Secondary Tasks, which represent the 
interaction with the mobile or wearable computing 
device. As these Secondary Tasks are very much 
depending on the kind of device, which is selected or to 
be developed, the software application running on this 
device, and the environment, in which the Primary 
Tasks are executed, the remaining rather steady 
constraints are the physical and cognitive capabilities of 

the person performing the task and using the device. 
But these capabilities are different from person to 
person and are yet to be fully investigated and 
generalized in the context of wearable systems. 

Mapping of Primary and Secondary Task 
Having the above-mentioned steady constraints – the 
category of the Primary Task and the physical and 
cognitive capabilities of the human in the loop, we can 
map those to build a base for either designing new or 
for evaluating existing wearable AR systems, 
supporting specific applications used in different 
environments. 

To facilitate and generalize the interaction design with 
the system, we can describe the interaction from the 
view of the user, such as: 

1. Visual/acoustic/tactile sending (to the system) 

2. Visual/acoustic/tactile reception (from the system) 
 

The support by the system can again be separated in 
different levels. Referring to the example of changing a 
tire from above, a wearable AR system could: 

1. Support such a task sequence by guidance (e.g. 
indicating the correct tire) 

2. Revise the task (e.g. visualizing the wheel/hole 
alignment instead of finding the hole with a 
mechanical guide), or 

3. Replace the task (with data recorded during tasks 
1-5 of Table 2, inspection may not be necessary). 
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Evaluation Criteria 
In order to evaluate task performance, a number of 
parameters need to be recorded: 

1. Time to complete (or Time to abandon) 

2. Error rate 

3. Physical and cognitive load 
 

To ensure the fidelity of the data recorded and the 
repeatability of the experiments, a number of 
experimental conditions must be met: 

1. A sufficient variety in test subjects for the task at 
hand. For example, tasks to be performed in a 
professional environment should be evaluated with 
participants from that domain that form a 
representative sample of the workforce e.g. in 
gender, age and physical fitness. 

2. A sufficient number of task repetitions 

3. Experimental setup and execution must be 
documented in order to assess quality of the 
results and to enable repetition 

 

Although these conditions are all part of the standards 
of good scientific practice, we still find studies where 
one of these conditions is neglected. 

Next Steps 
We will use this year´s workshop to: 

1. Enhance the list of task categories and 
evaluation criteria 

2. Propose a number of standardized, repeatable 
experiments 

3. Recruit research groups to perform these 
experiments over the next 12 months. 

In the next workshop of this series, we will encourage 
researchers to disseminate results and work towards 
defining an engineering framework for wearable 
augmented reality. 
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