


22PARALLAX  |  NASA AMES HCI GROUP  |  CARNEGIE MELLON UNIVERSITY  |  HCII  |  SPRING 2015

REFERENCE POINTS INFORM 
WORKERS OF ORIENTATION IN 
AN ENVIRONMENT.

HAND POSITIONS AND HAND GESTURES CLARIFY AND 
COMMUNICATE INSTRUCTIONS.DISTINCTIVE SPATIAL REFERENCES 

PROVIDE GUIDANCE THROUGH  
A PROCEDURE.

In some domains, artifacts in the environment 
or within the interface of a tool help workers 
navigate a physical area during a procedure. 
In other domains, hand positions and gestures 
give physical cues for how to perform a task.

From our experience watching 
volunteer firefighters train and 
from actually trying out the 
training ourselves, we learned 
that they maintain a reference 
point in their surroundings - the 
location of a particular wall, for 
example - that could help them 
find their way back in a situation.

Participants in our experiment crafting an origami butterfly from 
written instructions found that the pictures with hands were most 
helpful in understanding steps. The presence of hands gave them a 
sense of scale and rotation, which provided additional context for a step.

From observing beginner scuba divers and trying out a scuba 
diving class, we found that hand gestures were used prominently 
throughout training to supplement a verbal instruction with physical 
demonstrations before the dive. 

As volunteer workers at Habitat for Humanity, we found it most helpful 
when our supervisor would motion with his hands exactly how to 
perform tasks, such as where to cut the drywall. The hands served as a 
relatable visual guide for tasks we weren’t really familiar with. 

Volunteer Firefighters Training

Origami Experiment

Scuba Diving Instruction

Habitat for Humanity

Our team members navigate through  
a maze during firefighter training.  
This exercise revealed the importance 
 of maintaining a reference point in  
the environment.

A finished origami butterfly from our 
origami experiment. This participant read 
through all the instruction steps before 
beginning the origami piece.

Our team members tried out scuba diving 
in order to understand how divers learned 
high risk procedures.

INSIGHTS INSIGHTS
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WORKERS USE ARTIFACTS TO TRACK 
STATUS WITHIN A PROCEDURE.

Astronauts will follow long, multi-step 
procedures that often reference other books. 
They need to be able to keep track of not only 
where they are in a procedure, but also the 
important, actionable parts.

From our interview with a NASA Ground Systems 
Development and Operations (GSDO) expert 
involved with recovering the Orion Multi-Purpose 
Crew Vehicle (MPCV) from its recently-conducted 
inaugural test flight, we learned that sticky notes 
would be used to bookmark certain pages in  
a paper procedure in order to help the overseeing 
conductor keep track of completed steps across 
multiple procedures.

Many of our interviews suggested that engineers 
and technicians working on ground procedures 
would use a software package called Solumina to 
record completed steps in a procedure. The software 
system eliminates post-procedure followups by 
ensuring that all the steps were completed and by 
allowing upper-level personnel to track the progress 
of execution in real-time.

A former astronaut we talked to had stated that some 
of the procedures he would read were really long and 
were overcrowded, and so he would highlight the 
important action steps.

WORKERS NEED TO BE ABLE TO TRACK WHERE 
THEY ARE IN A PROCEDURE.

From researching how to design instructional 
material, we found that the use of sub-goal labels 
helped learners progress through instructions  
by guiding them in the formation of mental models.2 
We also learned that “Guided Attention,” the use 
of words in instruction to include cues about 
organization, can assist learners to move  
through steps.1

WORKERS NEED ARTIFACTS TO GUIDE THEIR 
ATTENTION THROUGH A PROCEDURE.

Kennedy Space Center Interviews Retired Astronaut Interviews

One of the former astronauts we interviewed 
remarked that the procedures that they would follow 
were really long, and they would sometimes have to 
reference multiple books. In a particular instance, 
the procedure spanned 700 pages in a book, and 
often the conductor inside the ISS would carry out 
multiple procedures from the same book.

Retired Astronaut Interviews

Literature Review

We interviewed experts at the Kennedy Space Center to learn  
about how NASA procedures are authored and how workers 
executed them.

INSIGHTS INSIGHTS
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Through our interviews with 
former astronauts and various 
NASA personnel, we learned 
that astronauts often participate 
on multiple missions in their 
career. As astronauts become 
more familiar with various 
aspects of the space station and 
associated procedures, they 
typically need less guidance for 
specific tasks. We learned from 
a former astronaut that he often 
highlighted steps in a procedure 
that were most applicable to him 
so that he wouldn’t be distracted 
by details with which he was 
already familiar.

USERS MODIFIED  
PROCEDURES BASED ON  
THEIR PAST EXPERIENCE.

Our study of pharmaceutical manufacturing technicians showed 
the effective use of procedures simplified enough to execute safely 
and accurately, abstracting away unnecessary technical detail not 
important to the task itself.

Our volunteer experience with a project for Habitat for Humanity 
revealed differences in procedure explanations between first-time and 
recurring volunteers. Procedure explanations for first-time volunteers 
assume no background in construction and generally include more 
information concerning safety and health than those for recurring 
volunteers who have more construction expertise. However, supervisors 
usually omitted technical details of procedures for first-time volunteers 
as this information was not needed to perform the necessary tasks.

ABSTRACTING AWAY UNNECESSARY DETAIL CAN IMPROVE 
PROCEDURE UNDERSTANDING.

ADJUSTING INSTRUCTIONS TO A USER’S 
PAST EXPERIENCE CAN IMPROVE 
UNDERSTANDING OF WORK.

The amount of detail necessary for a user to 
follow in a given task varies by a particular 
person’s experience and role. A beginner 
typically requires detailed information to 
ensure proper task execution, but with greater 
experience and increased knowledge, however, 
the need for fine levels of detail typically 
decreases. Additionally, for certain roles whose 
execution of certain tasks is not dependent on 
their understanding of the details behind them, 
communicating only the necessary aspects of 
the procedure is often appropriate.

During drug production, batch records 
are referred to by pharmaceutical 
manufacturing technicians, who need 
essential steps for safe manufacturing but 
can do without the low-level background 
chemistry details.

Customized procedures can reduce 
dependence on multiple paper-based 
guidebooks, which are shown being used 
here by astronaut Hans Schlegel to install 
experiment racks aboard the ISS.

A Habitat for Humanity site supervisor 
uses simple, high-level instructions with a 
first-time volunteer in diagnosing a water 
leak above the ceiling.

INSIGHTS INSIGHTS

Retired Astronaut Interviews
Pharmaceutical Manufacturing

Habitat for Humanity
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ENVISIONING THE FUTURE ENVISIONING THE FUTURE

Our team engaged in an exercise we referred to as 
assumption prototyping, a brainstorming method 
based on a set of assumptions before all research 
data is available and performed in a rapid fashion. 
This exercise helped us to quickly visualize possible 
ideas and assess merits and drawbacks to them.

We collectively generated many ideas that would 
assist a user through a procedure. We felt that 
including various features simultaneously would 
clutter the interface, so we would need to consider 
how to design for procedure guidance without 
overwhelming the user.

ASSUMPTION
PROTOTYPES

Building off ideas and concepts that we discussed 
during the assumption prototyping exercise, we 
later conducted an experiment to observe how 
people read and follow instructions. We presented 
to participants on a tablet computing device a set 
of procedural instructions for building an origami 
object. We observed four participants, one of whom 
successfully completed the exercise.

LOW-FIDELITY
EXPERIMENT

Users preferred a certain order in the presentation 
of information: to have written text for a particular 
step listed first, followed by a descriptive, 
annotated image.

Indication of progress in a task

Feature to direct a worker to a tool

Tools indicating how they’re used for a step

Animations in glasses to indicate how to  
use a tool

Gestures on glass for advancing  
through instructions

Animations in glasses to show end state of a step

An overview showing the different regions that 
will be touched in the course of a task

IDEAS EXPLORED

KEY FINDINGS FROM THE EXERCISE

Users preferred using their hands to complete a 
particular step, even if the procedure called for a 
particular tool to be used.

Users found images that included human hands 
working with artefacts very helpful to provide 
proper physical orientation and sense of scale.

Users favored having all of the steps displayed 
on a single page, versus having them paginated. 
Presenting all of the instructions on a single page 
allowed users to gain an overview of the process 
as well as quickly view to expected end result.

The participant’s work area for following an 
origami procedure. We provided redundant 
tools and hid some required tools in 
the experiment room to observe how a 
participant handled finding needed tools.
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VISIONING

After we extracted insights from our research findings, we began to explore the solution space through a set of 
brainstorming sessions. We first collectively produced 140+ ideas inspired by our insights and research.  
We then grouped together similar ideas to produce a set of 40 concrete feature ideas. These 40 ideas were then 
compared using an impact-feasibility matrix to determine which would have the greatest impact while at the 
same time be reasonable to implement at NASA. This process ultimately yielded 12 ideas, which led to a set of 
initial visions.

Don needs to repair a leak inside the wall of the 
ISS, but he isn’t sure which panel the leaky pipe 
64 is behind.

Don removes the correct panel and is able to fix 
the leak. 

Through his augmented reality goggles, Don can 
see behind the panels to see which one to remove 
to get to pipe 64. 

1.

3.

2.

Don needs to replace the food in one of the Rodent 
Habitats on the Mars station. 

Don glances through the procedure overview and 
continues to the first instructional step.

1. 2.

Don has already replaced the food in the Rodent 
Habitat ten times, so he just gets the high level 
detail of each step.

3. Don is able to move quickly through the 
instructions and finish replacing the food bar.

4.

ENVISIONING THE FUTURE ENVISIONING THE FUTURE

IDEA #1 – X-RAY VISION

IDEA #2 – DETAIL OF INSTRUCTION
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An interdisciplinary team of five master’s students at Carnegie Mellon 
University’s Human-Computer Interaction Institute.
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