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Designing Questionnaires for Controlling anD Managing 
inforMation CoMplexity in Visual Displays

INTRODUCTION

Interact�ve automat�on technolog�es have ga�ned w�de 
acceptance �n a�r traffic control (ATC). These automated 
technolog�es typ�cally employ v�sual d�splays. Compared 
to trad�t�onal paper-based task a�ds, automat�on systems 
are super�or �n the�r v�sual real�sm and capab�l�ty of del�ver-
�ng deta�ls of complex operat�onal procedures. However, 
wh�le advances �n sensor development and commun�cat�on 
bandw�dths allow an automat�on system to convey an 
�ncreased amount of �nformat�on, the capac�ty of human 
�nformat�on process�ng w�th�n a g�ven per�od of t�me �s 
l�m�ted (Mar�os & Ivanoff, 2005). Thus, �nformat�on 
complex�ty (IC) becomes a bottleneck that constra�ns the 
effect�veness and effic�ency of �nteract�ve technolog�es. 
Assessment and control of IC �n v�sual d�splays dur�ng 
des�gn are �mportant to prevent such bottlenecks. 

Prev�ously, we developed a framework to measure 
IC �n �nteract�ve systems X�ng & Mann�ng 2005, X�ng 
2007). The framework �s descr�bed as follows: a) IC �s the 
comb�nat�on of three bas�c factors: quant�ty, var�ety, and 
relat�on of bas�c �nformat�on elements; b) complex�ty fac-
tors need to be evaluated at three stages of mental process-
�ng: percept�on, cogn�t�on, and act�on; and c) complex�ty 
metr�cs can be der�ved by assoc�at�ng task requ�rements 
w�th the mechan�sms of human �nformat�on process�ng. 
W�th�n th�s framework, we �dent�fied n�ne complex�ty 
metr�cs for ATC d�splays, each measur�ng the demand 
of a complex�ty factor dur�ng perceptual, cogn�t�ve, or 
act�on �nformat�on process�ng. We ant�c�pate that these 
metr�cs are used for des�gn and acqu�s�t�on evaluat�on. 
Table 1 presents a br�ef descr�pt�on of these metr�cs. 

Wh�le these metr�cs prov�de a means for the object�ve 
measurement of d�splay complex�ty, technology developers 
and human factors pract�t�oners often des�re qu�ck, easy-
to-use tools to assess the d�splay dur�ng des�gn, prototype, 
and acqu�s�t�on evaluat�on. It �s also �mportant to obta�n 
subject matter experts’ op�n�ons �n the evaluat�on of new 
technolog�es. 

A quest�onna�re �s an �nexpens�ve means to acqu�re 
such data from a potent�ally large number of respondents. 
In fact, quest�onna�res have become one of the pr�mary 
methods to assess �nterface usab�l�ty (K�rakowsk� & 
Corbett, 1993; Lew�s, 1995; Schne�derman, 1992). In 
av�at�on stud�es, human factors pract�t�oners often use 

post-scenar�o quest�onna�res for acqu�s�t�on evaluat�on 
of new ATC automat�on systems (W�llems & Tru�tt, 
1999; W�llems, Allen, & Ste�n, 1999). In such stud�es, 
subjects first use the system to perform ass�gned tasks 
w�th pre-generated scenar�os and subsequently complete 
quest�onna�res des�gned to assess the system. The results 
allow researchers to assess the usab�l�ty and collect subjec-
t�ve op�n�ons about users’ sat�sfact�on w�th the system. 

In th�s study, we developed two quest�onna�res based on 
the complex�ty metr�cs for ATC d�splays. We �ntended that 
the two quest�onna�res would be used to control complex-
�ty dur�ng the development and acqu�s�t�on evaluat�on of 
new ATC technolog�es. Wh�le quest�onna�res are easy to 
adm�n�ster, develop�ng an effect�ve quest�onna�re can be 
a challenge. Var�ous mult�-stage procedures for develop-
�ng quest�onna�res have been proposed �n the l�terature. 
Independent of the exact methodology, the follow�ng four 
steps are essent�al: a) des�gn a quest�onna�re based on a 
task analys�s and object�ves of the assessment; b) mod�fy 
the quest�onna�re by �ntegrat�ng �nd�v�dual cr�t�c�sm or 
comments; c) test the quest�onna�re w�th a small sample 
of respondents; and d) val�date the quest�onna�re through 
a large sample of respondents. In th�s report, we w�ll first 
descr�be steps a-c. The val�dat�on results of step d) w�ll 
be reported �n the near future.

DEVELOPING TWO COMPLEXITY 
QUESTIONNAIRES 

Specify the objectives of the questionnaires
In the l�terature, the purpose of des�gn�ng quest�on-

na�res falls �nto two categor�es--descr�pt�ve and analyt�c. 
Descr�pt�ve stud�es prov�de est�mates of the parameters 
of certa�n system character�st�cs. Analyt�c stud�es prov�de 
a systemat�c compar�son of character�st�cs across several 
systems or explore the relat�onsh�p among var�ables for 
a s�ngle system. 

The object�ve of th�s study was to develop quest�on-
na�res to evaluate �nformat�on complex�ty of v�sual d�splays 
dur�ng acqu�s�t�on and to prov�de a way for developers to 
manage �nformat�on complex�ty dur�ng the des�gn and 
prototyp�ng of new ATC systems. Informat�on ga�ned 
from the appl�cat�on of the quest�onna�res can be used 
to determ�ne when the complex�ty of a d�splay �s beyond 
an operator’s capac�ty l�m�ts of �nformat�on process�ng; 
thus, the d�splay �s unacceptable for effic�ent and safe 
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Table 1. Metrics of information complexity for ATC displays 

Metric Definition Potential consequences 
of complexity 

Number of 
fixation 
groups 

A fixation group is a set of 
visual stimuli that can be 
perceived with a single  
fixation for detail analysis. 

Increased time and 
difficulty in visual search. 

Variety of 
visual 
features 

The number of distinctive 
colors, texture, luminance 
contrast, spatial frequency, and 
motion signals. 

Increased difficulty in 
visually organizing 
information and detecting 
salient targets. 

Perceptual
complexity 

Degree of 
clutter 

The effect of visual perception 
of a stimulus being masked by 
the presence of other stimuli in 
the visual field. 

Increased visual search 
time and reduced target 
detection as well as text 
readability. 

Number of 
functional 
units 

Functional units are the 
independent elements or 
dimensions of information that 
are maintained in an active, 
quickly retrievable mental 
state.

Increased working 
memory load and reduced 
situation awareness. 

Dynamic 
complexity 

The amount or frequency of 
unpredictable information onset 
that demands a change in the 
contents of the mental 
representation of a display. 

Increased memory load 
and reduce situation 
awareness; deteriorated 
mental representation of a 
display. 

Cognitive 
complexity 

Relational 
complexity 

The number of independent 
elements or dimensions of 
information that must be 
simultaneously combined to 
use the information. 

Increased memory load 
and cognitive 
computational cost.  

Action cost The minimal amount of 
keystrokes, mouse movements, 
and transitions of action modes 
needed to use displayed 
information. 

Increased task 
performance time.  Takes 
users away from 
perceptual and cognitive 
tasks.

Action depth The number of serial steps 
needed to plan (or select from a 
number of action options) to 
acquire information. 

Reduced situation 
awareness; increased 
chances of performance 
errors. 

Action 
complexity 

Number of 
simultaneous 
action goals 

The number of simultaneous 
action goals needed to use 
displayed information. 

The brain has to switch 
back and forth between 
goals; errors may occur 
when switches of action 
goals occur at a fast pace. 
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operat�on. The object�ve can be best met by obta�n�ng 
quant�tat�ve �nd�ces of complex�ty. The second object�ve 
for complex�ty management of a d�splay requ�res a tool to 
assess the effects of d�splay des�gn var�ables on complex�ty 
so that they can mod�fy those var�ables that cause h�gh 
complex�ty and manage the complex�ty to meet users’ 
requ�rements. D�fferences �n the appl�cat�ons w�ll lead to 
the development of two �ndependent quest�onna�res. 

Format Considerations
Quest�ons may be e�ther open-ended or close-ended. 

Open-format quest�ons ask for unprompted op�n�ons, 
and respondents are free to answer �n the�r own words. 
Open-format quest�ons are good for sol�c�t�ng subject�ve 
op�n�ons. However, the d�vers�ty of the responses reduces 
standard�zat�on and greatly �ncreases the t�me requ�red 
for systemat�c analys�s. In contrast, close-ended quest�ons 
requ�re respondents to select one or more answers from 
those prov�ded. Ava�lable response cho�ces can vary �n 
format, such as checkl�sts, rank�ng scales, L�kert scales, 
and mult�ple-cho�ce.

The L�kert scale �s an ord�nal, one-d�mens�onal scal-
�ng method �n wh�ch values have an �nherent order or 
sequence but do not correspond to a prec�se mathemat�cal 
value. A trad�t�onal L�kert scale �tem �ncludes a statement 
to wh�ch respondents make a judgment on a five-po�nt 
or seven-po�nt scale. For example, a L�kert agreement 
response scale can be formatted as: 

Strongly d�sagree
D�sagree 
Ne�ther agree nor d�sagree 
Agree 
Strongly agree 

The mult�ple-cho�ce format generally �nvolves the use 
of quest�ons w�th predeterm�ned responses from wh�ch the 
respondent �s requested to choose the most appropr�ate 
response. Respondents are asked to select a s�ngle response 
or mult�ple responses to the quest�on (e.g., select all that 
apply). The mult�ple-cho�ce format allows one to obta�n 
gradat�ons of op�n�ons and comb�nat�ons of reasons or 
act�ons. It draws attent�on to poss�ble alternat�ves �nstead 
of requ�r�ng the respondent to generate them, prov�ded 
that the des�gner of the quest�onna�re �s suffic�ently 
knowledgeable to �dent�fy all measurable alternat�ves. One 
advantage of th�s format �s that responses are standard�zed, 
prevent�ng a respondent from �ntroduc�ng personal b�as 
and reduc�ng the l�kel�hood of �tem m�s�nterpretat�on. 
Another advantage �s that responses are relat�vely �nde-
pendent of the respondent’s ab�l�ty to express op�n�ons 
(e.g., wr�t�ng sk�lls, handwr�t�ng). A d�sadvantage of the 
mult�ple-cho�ce format �s that quest�ons tend to be more 
complex and requ�re more care �n des�gn. It also requ�res 

1.
2.
3.
�.
5.

that the developer have extens�ve knowledge of the area 
be�ng �nvest�gated. We chose th�s format for the purpose 
of complex�ty control because the advantages stated above 
w�ll allow �t to y�eld more object�ve and quant�tat�ve 
evaluat�on results. 

Item Authoring
Multiple-choice questionnaire. We used the prev�ously 

developed metr�cs (X�ng, 2007) as a gu�de for �tem genera-
t�on. We des�gned the quest�ons to assess the metr�cs �n 
terms of the�r effects on task performance. For example, 
a metr�c for perceptual complex�ty �s the number of 
fixat�on groups. A fixat�on group �s defined as the v�sual 
st�mul� that can be perce�ved w�th one fixat�on for de-
ta�led analys�s. The average t�me to search for a part�cular 
target on a d�splay �ncreases w�th the number of fixat�on 
groups. From that �nformat�on, we der�ved the quest�on 
“Ease of find�ng �nformat�on: How eas�ly can you find 
the �nformat�on you need on the d�splay?” We developed 
n�ne quest�ons �n a s�m�lar fash�on for each metr�c. In 
add�t�on, wh�le the evaluat�on w�th �nd�v�dual metr�cs 
prov�des �nformat�on about spec�fic aspects that make 
a d�splay complex, evaluators often also want to know 
about the overall complex�ty of a d�splay. Hence, we also 
developed four quest�ons to assess the overall perceptual, 
cogn�t�ve, act�on complex�ty, and overall d�splay complex-
�ty. These quest�ons are l�sted �n Table 2. 

The b�ggest challenge �n des�gn�ng mult�ple-cho�ce 
quest�ons was to define the g�ven cho�ces log�cally. Ob-
v�ously, there need to be suffic�ent cho�ces to cover the 
range of answers but not so many that the d�st�nct�on 
between them becomes blurred. Moreover, mult�ple-
cho�ce response categor�es should be mutually exclus�ve 
so that clear cho�ces can be made. Non-exclus�ve answers 
frustrate the respondent and make �nterpretat�on d�fficult, 
at best. We tr�ed to define the cho�ces from the perspect�ve 
of controllers’ exper�ences w�th d�splays.

Prev�ously we conducted ATC fac�l�ty observat�ons 
to understand how controllers use color d�splays (X�ng, 
2006). Dur�ng the observat�ons, we �nformally collected 
controllers’ op�n�ons about d�splay complex�ty by ask�ng 
quest�ons such as “How would you descr�be the com-
plex�ty of th�s system �n terms of �ts effect on your task 
performance?” A class�ficat�on of the answers �nd�cated 
that controllers tended to descr�be d�splay complex�ty 
us�ng four levels (quot�ng controllers’ words):

“It �s not complex at all, very easy to use, I l�ke �t.”
“It �s moderately complex, yet �t helps me a lot so I 
use �t most of the t�me.”
“It �s complex; I only use �t when I am not busy 
w�th the traff�c.”
“It �s too complex to use. I do not have t�me to use 
�t. I f�gure out my own ways.” 

•
•

•

•
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Based on controllers’ op�n�ons about complex�ty, we 
der�ved four gener�c complex�ty levels as the one-d�men-
s�onal cho�ces for the quest�onna�re. F�gure 1 �llustrates 
the levels. Next, for each metr�c, we developed four 
object�ve descr�pt�ons of the metr�c, each correspond�ng 
to one of the complex�ty levels. For example, for the 
metr�c of fixat�on group, we developed the follow�ng 
four descr�pt�ons:

I can find the �nformat�on effortlessly.
I can find the �nformat�on w�th a few qu�ck 
glances.
I can find the �nformat�on by search�ng �n a local 
area of the d�splay.
I have to search through the d�splay to find the 
�nformat�on.

These descr�pt�ons serve as the cho�ces for the g�ven 
quest�on for a metr�c. These descr�pt�ons forced respon-
dents to make cho�ces between relat�vely d�st�nct facts 
rather than come up w�th the�r own complex�ty categor�es. 
In th�s case, each descr�pt�on acts l�ke an anchor. One con-
cern w�th th�s approach �s whether the four anchors �ndeed 

1.
2.

3.

�.

correspond to the four complex�ty levels. We �terat�vely 
mod�fied the descr�pt�ons unt�l the descr�pt�ons matched 
to the�r �ntended levels. The deta�ls w�ll be descr�bed later 
�n the subsect�on “Mod�fy the quest�onna�res.” In total, 
we developed 13x� descr�pt�ons for the 13 complex�ty 
quest�ons �n the mult�ple-cho�ce quest�onna�re. The latest 
vers�on of the quest�onna�re, along w�th �nstruct�ons for 
use, �s presented �n Append�x A.

Six-point Likert questionnaire. We converted each 
metr�c �nto a quest�on, then prov�ded several statements 
to answer the quest�on. A statement may descr�be the 
complex�ty from the perspect�ves of “not complex”  
(a pos�t�ve statement) or “too complex” (a negat�ve 
statement). Th�s �s to balance the responses to the ques-
t�onna�re. For example, the metr�c of fixat�on groups 
was converted �nto the follow�ng quest�on-statements, 
�n wh�ch statement 1, 2, and � were pos�t�ve, wh�le 
statement 3 was negat�ve. Not�ce that we d�d not at-
tempt to balance the numbers of pos�t�ve and negat�ve 
statements.

Table 2. The questions in the multiple-choice questionnaire  

Metric Question 
Number of fixation 
groups 

Ease of finding information: How easy is it for you to find the information you 
need on the display? 

Variety of visual 
features 

Information Organization: How well is the information organized on the display? 

Degree of clutter Display clutter: How easy is it for you to  read the displayed text? 
Number of 
functional units 

Awareness of displayed information: How well are you aware of the information 
provided by the display? 

Dynamic 
complexity 

Display dynamics: How do the dynamic changes of displayed information affect 
your using the display? 

Relational 
complexity 

Relating displayed information: How easy is it for you to understand 
/comprehend displayed information? 

Action cost Performing tasks and retrieving information: How would you evaluate the 
amount of actions you have to take to perform tasks or acquire information? 

Action depth Number of steps to complete an action: How does the number of steps needed to 
acquire information affect your using the display? 

Number of 
simultaneous 
action goals 

Number of action sequences to perform a task: How does the number of parallel 
action sequences needed to perform a task or acquire information affect your 
performance with the display? 

Overall perceptual 
complexity 

Perceptual complexity of the system: How does the perceptual complexity of the 
display affect your task performance with the display? 

Overall cognitive 
complexity 

Cognitive complexity: How cognitively demanding is the displayed information? 

Overall action 
complexity 

Manually using the interface: How easy is it for you to use the display? 

Overall display 
complexity 

How do you rate the overall complexity of the display from the perspectives of 
its efficiency, safety, and usefulness? 
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How easily can you find the information you need 
on the display? 

I know where to look to find the �nformat�on I 
need.
I can find the �nformat�on I need w�thout search�ng.
I have to search through the d�splay to find the 
�nformat�on I need.
I can find the �nformat�on I need w�th one or a 
few qu�ck glances.

For each statement, respondents selected one of s�x 
response alternat�ves “strongly agree,” “agree,” “somewhat 
agree,” “somewhat d�sagree,” “d�sagree,” and “strongly 
d�sagree.” Not�ce that each statement dep�cts one aspect 
of d�splay des�gn from the perspect�ve of task perfor-
mance. Therefore, these statements serve as gu�del�nes 

1.

2.
3.

�.

for complex�ty management dur�ng d�splay development. 
For �nstance, �f most subjects’ rat�ngs for the statement 
2 or � �n the example above were “d�sagree/strongly d�s-
agree,” then the d�splay developers should reorgan�ze or 
mod�fy the d�splay des�gn to reduce the effort requ�red 
to locate �nformat�on. 

We developed n�ne quest�on-statement sets for each 
�nd�v�dual metr�c. The number of statements for each 
metr�c var�ed from three to s�x. We also developed four 
add�t�onal quest�on-statement sets to assess the overall 
perceptual, cogn�t�ve, act�on complex�ty, and overall 
d�splay complex�ty. In total, 13 quest�ons were �ncluded 
�n the quest�onna�res. Table 3 l�sts the quest�ons cor-
respond�ng to each metr�c and overall complex�ty. The 
complete quest�onna�re, along w�th �nstruct�ons for �ts 
use, �s presented �n Append�x B.

The author worked w�th two experts �n survey devel-
opment and l�ngu�st�cs to create these statements and 
quest�ons. They first rev�ewed the defin�t�ons of the met-
r�cs and the statements/quest�ons �n the mult�ple-cho�ce 
quest�onna�re, then developed and �terat�vely rev�sed the 
new statements/quest�ons for the L�kert quest�onna�re. 
Therefore, wh�le the statements �n Table 3 essent�ally 
descr�be the same �nformat�on as those �n Table 2 (for 
the mult�ple-cho�ce quest�onna�re), the sentences and 

Level 1 Level 4Level 3Level 2
Not complex, 
easy to use.

Moderately 
complex but 
manageable.

Too complex 
to manage.

Complex and 
manageable 
only when 
not busy.

Figure 1. Four complexity levels defined in the 
multiple-choice questionnaire.

Table 3. The questions in the Likert rating questionnaire 

Metric Question 
Number of fixation 
groups 

How easily can you find the information you need on the display?   

Variety of visual 
features 

Does the variety of visual features (e.g., size, color, font, and icons) assist you in 
acquiring information? 

Degree of clutter How does display clutter affect reading text and icons? 
Number of 
functional units 

How does the amount of information provided on the display affect information 
management? 

Dynamic 
complexity 

How do information changes on the display affect the way you process 
information? 

Relational 
complexity 

Does the way in which information is presented affect your understanding of it? 

Action cost How does the action cost (such as keyboard strokes, mouse drags, and transitions 
between keyboard and mouse) affect you? 

Action depth How does the action depth (e.g., number of pull-down menus and/or  pop-out 
windows you have to go through ) required for a task affect you? 

Number of 
simultaneous 
action goals 

How do action sequences needed to acquire information affect you? 

Overall perceptual 
complexity 

How would you evaluate the perceptual complexity of the display  from the 
perspective of perceiving the information? 

Overall cognitive 
complexity 

How would you evaluate the cognitive complexity of the display from the 
perspective of understanding the information? 

Overall action 
complexity 

How would you evaluate action complexity of the display from the perspective of 
interacting with the display?  

Overall display 
complexity 

How would you evaluate the overall complexity of the display (from the 
perspectives of its effectiveness, efficiency, and safety)? 
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word�ng �n Table 3 are user-or�ented; they can be eas�ly 
understood w�thout the background knowledge of human 
factors and d�splay des�gn. 

Modify the questionnaires
We worked w�th three subject matter experts (SMEs) 

to mod�fy the quest�onna�res. The SMEs were FAA acad-
emy tra�n�ng �nstructors. After be�ng �ntroduced to the 
purpose of the quest�onna�res, the SMEs rev�ewed the 
quest�onna�res and made construct�ve comments. One 
challenge �n develop�ng the four-level mult�ple-cho�ce 
quest�onna�re was to ensure that the four anchors of a 
quest�on correspond to the four g�ven complex�ty levels. 
We �terat�vely worked on th�s w�th the three SMEs us�ng 
the follow�ng procedure: 

Researchers developed the �n�t�al four-level descr�p-
t�ons, A, B, C, and D for each quest�on; �ntend�ng 
to have A for level-1 complex�ty, B for level 2, C 
for level-3, and D for level-�;
SMEs mapped each descr�pt�on to one of the four 
complex�ty scales;
If a statement was not mapped to �ts pre-spec�fied 
level, researchers d�scussed the �ssue w�th the SMEs 
and mod�fied the descr�pt�on to more clearly relate 
to the �ntended complex�ty level; 
Steps 2) and 3) were repeated unt�l the descr�pt�ons 
were mapped to the�r expected complex�ty levels.

F�nally, we asked two researchers who were profess�onals 
�n ATC technolog�es and had exper�ence �n develop�ng 
quest�onna�res for ATC stud�es to rev�ew and cr�t�que the 
quest�onna�res. We �ntegrated the�r cr�t�ques �nto further 
mod�ficat�ons of the quest�onna�res. 

We used a s�m�lar procedure to mod�fy the s�x-po�nt 
L�kert quest�onna�re. The challenge �n th�s quest�onna�re 
was whether each statement we prov�ded was related to 

1)

2)

3)

�)

the quest�on. Aga�n, we had the three SMEs evaluate 
the statements and made mod�ficat�ons accord�ngly. We 
cont�nued to process the quest�ons unt�l �t was agreed 
that all the statements were related to the�r g�ven ques-
t�ons, e�ther pos�t�vely or negat�vely. F�nally, we collected 
cr�t�ques from several researchers who are profess�onals 
�n ATC technolog�es, and we further mod�fied the ques-
t�onna�re accord�ng to the�r comments. After that, the 
quest�onna�res were ready to be tested w�th subjects. 

TESTING ThE QUESTIONNAIRES

Methods
We tested the quest�onna�res w�th seven FAA Academy 

�nstructors. The evaluat�on was made w�th regard to the 
Standard Term�nal Automat�on Replacement System 
(STARS) d�splays. We first �ntroduced the purpose of the 
study to the subjects and est�mated the�r fam�l�ar�ty w�th 
STARS. The subjects then completed both complex�ty 
quest�onna�res and made cr�t�ques. F�nally, we d�scussed 
w�th the subjects the�r responses to the quest�onna�res. 

Results
Complexity evaluation with individual metrics.We 

first assessed �nformat�on complex�ty us�ng �nd�v�dual 
metr�cs. F�gures 2a and b show the results produced 
w�th the mult�ple-cho�ce quest�onna�re (referred to as 
QA) and the L�kert rat�ng quest�onna�re (referred to 
as QB). Along the hor�zontal ax�s of F�gure 2a are the 
n�ne metr�cs �n the follow�ng order (from left to r�ght): 
Number of fixation groups, Variety of visual features, Degree 
of clutter, Number of functional units, Dynamic complex-
ity, Relational complexity, Action cost, Action depth, and 
Number of simultaneous action goals. The vert�cal ax�s 
�n F�gure 2a �nd�cates the four complex�ty levels �n QA, 
from 1 “not complex” to � “too complex.” The he�ght of 
the bars �nd�cates the evaluated metr�c �nd�ces averaged 
across all subjects; the error bars represent one standard 
dev�at�on from the mean. The �nd�ces for most metr�cs 
�n F�gure 2a are close to level 2, correspond�ng to the 
complex�ty level “�nformat�on �s moderately complex 
but manageable.” The standard dev�at�ons range from 
0 to 0.79, suggest�ng that the evaluat�ons was relat�vely 
cons�stent across subjects. 

F�gure 2b shows the results us�ng QB. The bars along 
the hor�zontal ax�s represent the same metr�cs as �n F�gure 
2a. The vert�cal ax�s of F�gure 2b �nd�cates the rat�ngs on 
the L�kert scales, from 1 “strongly agree” or “not complex” 
to 6 �nd�cat�ng “strongly d�sagree” or “too complex.” For 
each metr�c �n QB, the complex�ty �ndex was calculated 
by averag�ng the rat�ngs for pos�t�ve statements and the 
reversed rat�ngs for negat�ve statements. The he�ght of 
the bars �nd�cates the assessment �nd�ces averaged across 

Figure 2. Complexity indices for STARS evaluated by individual metrics.
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Figure 2. Complexity indices for STARS evaluated 
by individual metrics.
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subjects; the error bars represent one standard dev�at�on 
from the mean. The mean values of the metr�cs vary 
between 0.19 to 2.6, correspond�ng to “agree” or “some-
what agree” to the “not complex” statements (suggest�ng 
a pos�t�ve response). The standard dev�at�ons range from 
0.� to 0.9, suggest�ng a relat�vely cons�stent rat�ng across 
subjects. 

Overall complexity. Both quest�onna�res conta�ned four 
quest�ons address�ng the overall perceptual, cogn�t�ve, 
act�on, and d�splay complex�ty. F�gure 3a and b show the 
overall complex�ty �nd�ces for QA and QB, respect�vely. 
The four bars (from left to r�ght) �nd�cate the overall 
perceptual, cogn�t�ve, and act�on complex�ty, as well as 
the overall d�splay complex�ty. In F�gure 3a, the mean 
�nd�ces of perceptual, cogn�t�ve, act�on, and overall d�splay 
complex�ty for all subjects are 1.93, 1, 1.1�, and 2.21, 
respect�vely. Not�ce that the error bars �n F�gure 3 are �n 
general larger than those �n F�gure 2, suggest�ng that the 
assessment of overall complex�ty �s less cons�stent than that 
of the �nd�v�dual complex�ty metr�cs. One reason m�ght 
be that the statements descr�b�ng the overall complex�ty 
�n QA and QB are less spec�fic than those descr�b�ng 
�nd�v�dual metr�cs. The former �ncludes several factors 
to cons�der, and respondents may have only focused on 
some of the factors, or they may have used d�fferent rules 
to pull those factors together to make a s�ngle dec�s�on 
on the overall rat�ng scales. 

Relationships between complexity of individual metrics 
and overall complexity. Wh�le a quest�onna�re typ�cally 
cons�sts of mult�ple quest�ons to assess system character�s-
t�cs from d�fferent perspect�ves, users often des�re a s�ngle 
measure to make the�r dec�s�on. A typ�cal pract�ce �s to 
sum or average the responses to �nd�v�dual quest�ons to 
generate a s�ngle judgment. However, such l�near com-
putat�ons may not correspond to users’ dec�s�on-mak�ng 
strateg�es. S�nce we collected users’ responses to �nd�v�dual 

metr�cs and overall complex�ty, the data may conceptually 
eluc�date the underly�ng dec�s�on rules. Thus, we stud�ed 
how the evaluat�on of overall complex�ty related to that 
of the �nd�v�dual metr�cs. 

To compare the overall complex�ty �nd�ces to �nd�v�dual 
metr�c rat�ngs, we hypothes�zed about how part�c�pants 
m�ght comb�ne or �ntegrate the�r responses to �nd�v�dual 
metr�cs together to generate a s�ngle number judgment. 
The most common rules descr�b�ng how �nformat�on �s 
comb�ned �n the bra�n are averag�ng and w�nner-takes-
all. Hence, we tested the averag�ng and w�nner-takes-all 
hypotheses.

For each subject, we calculated the overall complex�ty 
pred�cted by the w�nner-takes-all hypothes�s as follows:

Pred�cted perceptual complex�ty = the max�mum of 
the �nd�ces of the number of f�xat�on groups, number 
of v�sual features, and degree of clutter;
Pred�cted cogn�t�ve complex�ty = the max�mum of 
the �nd�ces of funct�onal un�ts, dynam�c complex�ty, 
and relat�onal complex�ty;
Pred�cted act�on complex�ty = the max�mum of the 
�nd�ces of act�on cost, act�on depth, and s�multane-
ous goals;
Pred�cted overall d�splay complex�ty = the max�mum of 
the �nd�ces of overall perceptual, cogn�t�ve, and act�on 
complex�ty from the or�g�nal overall quest�ons.

We then calculated the d�fference between each pre-
d�cted and evaluated �ndex. The overall results for QA 
and QB are �llustrated �n F�gure �a and b, respect�vely. 
The vert�cal ax�s �nd�cates the d�fference between the 
pred�cted and evaluated �ndex. Each c�rcle represents 
the d�fference of one pred�cted-evaluated pa�r for a sub-
ject. The 28 c�rcles along the hor�zontal ax�s are for all 
seven subjects. Most c�rcles �n F�gure �a clustered along 
the zero-d�fference l�ne, wh�le the c�rcles �n F�gure �b 
seem more var�able. We calculated the least square error 
(LSE), wh�ch �s the root of the summed square of the 
d�fference between pred�cted and evaluated values. The 
LSE �s 0.12 for QA and 0.55 for QB, suggest�ng that 
the w�nner-takes-all hypothes�s �s the comb�nat�on rule 
for QA but not QB. Another way to test the hypothes�s 
�s to calculate the correlat�on between the pred�cted 
and evaluated �nd�ces. The correlat�on coeffic�ent for 
QA �s 0.67, suggest�ng that the pred�cted and evaluated 
�nd�ces are pos�t�vely correlated. On the other hand, 
the coeffic�ent for QB �s 0.37, suggest�ng a very weak 
correlat�on. Thus, the w�nner-takes-all hypothes�s fits 
QA better than QB. 

•
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Figure 3. Indices of overall complexity for STARS. 

Figure 3. Indices of overall complexity for STARS.
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We repeated the above procedure for the averag�ng 
hypothes�s by apply�ng a d�fferent dec�s�on rule – averag-
�ng the values of the responses to �nd�v�dual metr�cs. The 
results for QA and QB are �llustrated �n F�gure 5a and b �n 
the same format as that of F�gure �. Most c�rcles for QB 
are clustered around the zero-d�fference l�ne, and those 
for QA are more randomly d�str�buted. The LSE �s 0.�� 
for QA and 0.18 for QB, suggest�ng that the averag�ng 
hypothes�s seems to fit QB better than QA. S�m�larly, the 
correlat�on coeffic�ent for QA �s 0.3�, suggest�ng a very 
weak correlat�on between the pred�cted and evaluated 
rat�ngs; wh�le the coeffic�ent for QB �s 0.51, suggest�ng 
a moderate pos�t�ve correlat�on. Thus, the averag�ng 
hypothes�s fits QB better than QA. 

Th�s paradox �s somewhat surpr�s�ng because we 
expected that one hypothes�s m�ght work for both QA 
and QB. It �s poss�ble that the paradox was due to the 
small sample s�ze. W�th a larger number of subjects, the 
data may val�date one hypothes�s and reject the other 
for both QA and QB. However, we cannot rule out the 
poss�b�l�ty that the paradox may reveal some �ntr�ns�c 

mechan�sms of �nformat�on process�ng. That �s, subjects 
may �ndeed have used more than one rule to �ntegrate 
the �nformat�on of �nd�v�dual metr�cs. QA forced subjects 
to d�scr�m�nate the four g�ven complex�ty levels from 
the perspect�ve of task performance. The w�nner-takes-
all rule �mpl�es that �f any one of the metr�cs reaches a 
h�gher complex�ty level, then the overall effect on task 
performance �s severe. On the other hand, QB assesses a 
subject’s op�n�ons on spec�fic aspects of d�splay des�gn from 
the perspect�ve of complex�ty. The averag�ng hypothes�s 
�mpl�es that every �nd�v�dual factor equally contr�butes to 
the overall judgment. Therefore, the results suggest that 
d�fferent rules m�ght be used for d�fferent approaches to 
the evaluat�ons. 

Compatibility between QA and QB. Ideally, the two 
quest�onna�res would y�eld cons�stent evaluat�on results. 
However, s�nce QA and QB have d�fferent formats and 
use d�fferent complex�ty scales, �t �s d�fficult to quant�fy 
the cons�stency between them. On the other hand, be�ng 
compat�ble means that the evaluat�on results produced 
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Figure 4. Differences between predicted and evaluated 
overall complexity with the winner-takes-all hypothesis. 

Figure 4. Differences between predicted and evaluated overall 
complexity with the winner-takes-all hypothesis.
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Figure 5. Differences between predicted and evaluated 
overall complexity with the averaging hypothesis.
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us�ng QA are not contrad�ctory w�th the results produced 
us�ng QB, and v�ce versa. We exam�ned the compat-
�b�l�ty of QA and QB. For each subject, we calculated 
the evaluat�on rat�o for every �nd�v�dual metr�c. The 
rat�o was calculated as the complex�ty �ndex for a g�ven 
metr�c produced w�th QA d�v�ded by the correspond�ng 
complex�ty �ndex produced w�th QB. Thus, we had 7x13 
rat�os. We plotted them �n F�gure 6, w�th each c�rcle 
represent�ng one rat�o. The data were best fit at the rat�o 
of 0.81, suggest�ng that the evaluat�ons generated by QA 
and QB were compat�ble. 

DISCUSSION

Th�s report descr�bes the development and test�ng of 
two quest�onna�res to evaluate �nformat�on complex�ty 
of ATC d�splays. We tested the quest�onna�res by hav�ng 
a small set of subjects evaluate the d�splay complex�ty of 
STARS. The results �nd�cated that STARS complex�ty 
was rated around the level of “�nformat�on �s moderately 
complex but manageable.” The evaluat�on data dem-
onstrated cons�derable cons�stency across subjects. The 
results also �nd�cated that, wh�le the two quest�onna�res 
are compat�ble w�th each other, the subjects may have 
used d�fferent strateg�es to comb�ne the responses to 
�nd�v�dual quest�ons �n the�r dec�s�on-mak�ng. 

Both quest�onna�res were based on �nformat�on com-
plex�ty metr�cs we developed earl�er (X�ng 2007). The 
first quest�onna�re employed a mult�ple-cho�ce format �n 
wh�ch subjects choose one of four levels of complex�ty 
for each complex�ty metr�c. The data collected w�th th�s 
quest�onna�re prov�ded a relat�vely quant�tat�ve evaluat�on 

of d�splay complex�ty. Moreover, the responses to the 
four complex�ty levels �nd�cate whether the d�splay �s 
too complex to use. Thus, th�s quest�onna�re �s most 
appropr�ate for assess�ng complex�ty control �n acqu�s�-
t�on evaluat�on of new ATC technolog�es. The second 
quest�onna�re employed a L�kert rat�ng format; subjects 
rated the statements about d�fferent aspects of des�gn 
from the perspect�ve of complex�ty. The data collected 
w�th th�s quest�onna�re prov�ded a qual�tat�ve evaluat�on 
of d�splay complex�ty. In add�t�on, most statements �n th�s 
quest�onna�re descr�be spec�fic aspects of d�splay des�gn, so 
the rat�ng of a spec�fic statement can ass�st developers �n 
manag�ng complex�ty �ntroduced by the factor descr�bed 
�n the statement. Therefore, th�s quest�onna�re �s better 
su�ted to complex�ty management dur�ng des�gn and 
prototypes of new technolog�es. Users may choose to use 
one or both quest�onna�res as they need. The prel�m�nary 
test�ng demonstrated that both quest�onna�res can be eas�ly 
and qu�ckly adm�n�stered, yet prov�de rel�able evaluat�on 
of �nformat�on complex�ty �n ATC d�splays. 

F�nally, we would l�ke to emphas�ze that the ma�n 
purpose of th�s report was to descr�be the quest�onna�res. 
We only present the prel�m�nary test results of the ques-
t�onna�res w�th a small set of subjects. Thus, the test�ng 
reported here was prel�m�nary. Further evaluat�on �s 
needed across d�splays w�th larger numbers of subjects to 
answer some of the �ssues ra�sed �n th�s study, such as the 
dec�s�on rules to �ntegrate the assessments of �nd�v�dual 
d�mens�ons of complex�ty. We also need to conduct a 
more complete evaluat�on of the quest�onna�res to assess 
the�r rel�ab�l�ty and overall val�d�ty w�th larger numbers 
of subjects. 
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APPENDIX A 

A multiple-choice questionnaire to evaluate information complexity of ATC displays 

Name of the display you are evaluating ______________ 
How long have you been using this display? ____________ 

Instructions:

1) The purpose of this study is to evaluate information complexity of the given ATC automation 
display by completing the questionnaire..  

2) The questionnaire consists of 13 questions, each assessing a specific aspect of display 
complexity. For each question, we have provided you with four statements. Please circle the 
statement that best describes the complexity of this display.  

3) The term “information” in the questionnaire refers to either displayed materials (texts, symbols, 
etc.) or control functions (action buttons, menus, etc) for users to acquire information.  

Beginning of the questions

1. How easy is it for you to find information on the display? 
A. I can see the information effortlessly.  
B. I can find the information with a few quick glances. 
C. I can find the information by searching in a local area of the display. 
D. I have to search through the display to find the information. 

2. How well is the information organized on the display? 
A. Information organization is obvious by its visual features (colors, symbols, fonts, graphic patterns, etc); I 

know how the information is organized at a glance. 
B. The organization of information is not obvious by its visual features; I have to spend some effort to figure 

out how the information is organized. 
C. The organization of information is confusing; I have to work hard to figure out how the information is 

organized. 
D. The display has too many visual features (colors, symbols, fonts, graphic patterns, etc) for me to recognize 

how information is organized. 

3. How easy is it for you to read the displayed text? 
A. Texts and icons stand out clearly from the background; I can read them correctly with a quick glance. 
B. Texts and icons can be read easily but the clutter still slows down my reading. 
C. Text and icons are cluttered and I have to spend some effort to read them (such as moving closer to the 

screen or staring at them for a longer time). 
D. The display has too much clutter; it is hard for me to read the text quickly and correctly.  

4. How well are you aware of the information provided by the display? 
A. There are only several chunks of information that I need to be aware of in order to use the display. I am 

aware of the information most of the time.  
B. I can manage all the needed information but feel that managing information takes my mental resources 

away from doing my tasks.  
C. I can manage all the displayed information only by fully concentrating on the display, but have difficulties 

to do so when I have other things in mind.  
D. The display provides too many pieces of information for me to be aware of; I cannot mentally build a fixed 

mental model of the display. 
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5. How do you like the dynamic changes of the displayed information? 
A. The display does not present dynamic information or most changes are expected and predictable.  
B. I can take care of changes but prefer that the display present information more statically.  
C. I have to frequently update my mental model due to the unpredicted changes of displayed information.  
D. The displayed information changes too frequently in an unpredictable manner; I have a hard time catching 

up with the changes.  

6. How easy is it for you to understand /comprehend the displayed information? 
A. The information is very straightforward. I can understand the meaning without thinking. 
B. I can integrate the pieces of information and use them properly, but prefer that information be presented in 

less intermingled manner. 
C. I need to use some strategies to manage the displayed information. That takes my mental resources away 

from my tasks. 
D. I have to simultaneously associate (or to relate) multiple pieces of displayed information to use the display. 

It is difficult to hold them all at once.  

7. How would you evaluate the amount of actions you need to take to perform tasks or acquire information? 
A. It takes only one or a few simple actions to perform tasks or acquire information; the actions can be done 

nearly subconsciously. 
B. It takes me some actions to perform tasks or acquire information, but the amount of actions is manageable. 
C. Many actions are needed to perform tasks or acquire information.  
D. It takes too many actions (keystrokes, mouse drag/ clicks, etc) to perform tasks or acquire information. 

8. How do you rate the number of action steps needed to perform tasks or acquire information? 
A. It takes one or two steps to perform tasks or acquire information; I can perform them almost automatically 

without thinking about the steps.  
B. I can remember the steps but that distracts me. 
C. It takes several steps to perform tasks or acquire information; performing those steps makes navigation 

difficult. 
D. It takes multiple steps to perform tasks or acquire information. I have a hard time remembering all those 

steps.

9. How do you rate the number of action sequences needed to perform tasks or acquire information? 
A. Only one sequence of action steps is needed to perform tasks or acquire information; I can perform the 

action sequence easily and reliably. 
B. I can manage the multiple sequences of actions required to perform tasks or acquire information; but that 

increases task difficulties.  
C. I am confused with the action steps in different sequences when I do not fully concentrate on the sequences. 
D. It takes too many sequences of steps to perform tasks or acquire information. I have a hard time managing 

the sequences. 

10. How do you rate the perceptual complexity of the display?
A. The display looks simple and clear; I can find the needed information easily and quickly. 
B. The display looks busy but I can find the information with a little effort. 
C. Many pieces of information do not always relate to my tasks; they adversely affect my perception of 

information. 
D. The display looks too busy for me to find the information. 

11. How cognitively demanding is the displayed information? 
A. The information is presented straightforwardly; I can manage all the needed information quickly and 

correctly.
B. Information is complex but I can manage to use it by focusing on my own tasks. 
C. Using this display takes too much attention and disturbs my decision-making in performing my tasks.  
D. The information is too overwhelming; it is difficult to interpret the information quickly and correctly. 
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12. How easy is it for you to interact with the display? 
A. The display demands very few actions from me. 
B. The display is usable but it demands some undesired interactions.  
C. The display demands lots of interactions to perform my tasks. 
D. The display is too difficult to use. It requires me to do too many things.  

13. Overall, how do you rate the complexity of the display in terms of its usefulness (efficiency, effectiveness, 
and safety)? 

A. The display is very simple to use and I am fully satisfied with it.  
B. The display is moderately complex and I might choose to use it when I need the service.  
C. The display is complex and I will use it only when I have to. 
D. The display is too complex to use. 
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APPENDIX B

A Likert rating questionnaire to evaluate information complexity of ATC displays 

Instructions: This questionnaire asks you to respond to items designed to measure a specific aspect of a display. 
When answering an item, think about the lead-in question and indicate your response by darkening the bubble 
corresponding to your answer. If you change your response, please make sure your final choice is clear. If the 
response options do not provide a perfect fit for your unique situation, use your best judgment.  

Strongly Agree 
Agree

Somewhat Agree 
Somewhat Disagree 

Disagree
Strongly Disagree 

How easily can you find the information you need on the display?  
1 I know where to look for the information I need.        
2 I can see the information I need without searching.        
3 I have to search through the display to find the information I need.        
4 I can find the information I need with one or a few quick glances.        

      
Does the variety of visual features (e.g., size, color, font, and icons) assist you in 
acquiring information?       

5 The variety of visual features, such as size, color, font, and icons, assists me in 
acquiring the information on the display.        

6 The variety of visual features on the display is confusing.        
7 The display uses too many different sizes, colors, fonts, and icons.        

8 I can see information better if I ignore some of the colors, fonts, and text 
formats.        

      
How does the display clutter affect reading text and icons?       

9 The display looks too busy.        
10 The text and icons stand out clearly from the background.        
11 I have to move closer to the screen to read the text.        
12 I have to stare at the display for a while to read the information.        
13 I can read displayed text or detect icons on a glance.        

14 Adequate spaces between text/icons are provided for on-a-glance 
reading/detection.        

      
How does the amount of information provided on the display affect information 
management?       

15 It is difficult to manage all the necessary information.        

16 I can manage the displayed information effortlessly.       

17 There is too much information on the display for me to be aware of them.        
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Strongly Agree
Agree

Somewhat Agree 
Somewhat Disagree 

Disagree
Strongly Disagree 

How do information changes on the display affect the way you process 
information? 

18 Most of information changes on the display are predictable.        
19 Most of information changes on the display are easy to track.        

20 Keeping track of information changes on the display distracts me from 
performing my primary tasks (makes me too busy).        

21 Information changes are too frequent for me to keep up with.        
22 The displayed information should change less frequently.        

      
Does the way in which information is presented affect your understanding 
of that information?       

23 Interpreting information distracts me from focusing on my tasks.        

24  I can use the displayed information without relating it to other pieces of 
information. .       

25 I have to relate several pieces of separately displayed information to use 
them.        

26 The information presented is straightforward.        
      

How does the amount of action required to perform tasks or acquire 
information, such as keyboard strokes or mouse drags affect you?       

27 The display requires too many actions to perform tasks or acquire 
information.        

28 The actions required by the display take my attention away from my 
tasks.       

29 The amount of action required to perform tasks or acquire information 
does not bother me.        

30 I feel overwhelmed by the amount of interaction required by the display.       
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Strongly Agree
Agree

Somewhat Agree 
Somewhat Disagree 

Disagree
Strongly Disagree 

How does the action depth (e.g., number of pull-down menus and/or pop-
out windows you have to go through) for a given task affect you? 

31 I have to access too many menu buttons or windows to acquire 
information/perform a specific task.        

32 I can effortlessly follow the links of pop-out windows and/or pull-down 
menus to acquire information/perform tasks.        

33 I have trouble getting the information and performing tasks because there 
are so many layers of windows/menus.        

      
How does the number of action sequences required to perform tasks or 
acquire information affect you?       

34 I have to manage more than one action sequences to get a task done. I 
have a hard time keeping up with them.        

35 I can perform most tasks by following a single action sequence.        

I might confuse or forget the choices of the actions needed to complete a 
task when I am busy.       

      
How would you evaluate the overall complexity of the display (from the 
perspective of perceiving the displayed information)?       

36 The display is an effective tool for acquiring information.        
37 The display is simple and easy to use.        
38 I do not like the display because it is too complex to use.        

      
How would you evaluate the perceptual complexity of the display (from the 
perspective of perceiving information)?       

39 Only necessary information is presented on the display.        
40 I can easily and quickly find the information I need.        
41 I don’t like the display because it appears to have too much stuff.       

42 I could not find the information I need because the display looks too 
busy.        

      
How would you evaluate the cognitive complexity of the display (from the 
perspective of understanding information)?       

43 I can effortlessly understand the information presented on the display.        
44 Using this display takes too much mental effort.        

45 I feel overwhelmed by the amount of information presented on the 
display.        

      
How would you evaluate the action complexity of the display (from the 
perspective of interacting with the display)?       

46 I can easily interact with the display to accomplish my tasks.        

47 I can get confused or even lost by the actions required to accomplish my 
tasks.       

48 I feel overwhelmed by the amount of interaction required by the display.        




