Structured Interview Script

Design Study Introductory Information 
The purpose of this project is to examine different characteristics of alarms. This 
project will involve both normal educational practices and research. 
Participation in the research component is voluntary and the results of this 
exercise, as well as your decision to participate or not participate will not impact 
grading, evaluations, or employment. 
The total time commitment will be approximately 35 minutes. Activities will include participating in a structured interview. 
The data will be anonymously used for research and quality improvement 
purposes. 
If you have any questions about this project, please contact Keith Ruskin, M.D., PI 
at ruskin@uchicago.edu or (773) 702-6700 


The purpose of this interview is to seek your opinions on hazards and alarm used at your facility. We will do this by taking you through an example structured interview, asking your opinion on what is important for this alarm. We will be asking you to rate the importance of this alarm overall, then to answer questions about a number of properties related to alarms, and to rate each property. For the ratings, we will be using a Likert scale of 1 to 5, with 1 = not at all important and 5 = very important 

Overall: How important is having an alarm for the conflict alert in the air traffic control environment? – Likert overall =

CATEGORY #1: HOW (how should the alarm notify the controller?)
MODALITY, PRIORITY, SALIENCY, and DISRUPTIVENESS

1a) MODALITY. The sensory input used to present an alarm (e.g., visual, auditory, tactile, olfactory or gustatory7) determines its modality. For example, a tactile component to an alarm can help in a loud environment, such as a steering wheel that vibrates when a vehicle deviates from a lane during travel. Another example is the odor of natural gas (from added mercaptans), serving as a passive alarm that is immediately detectable. Loud alarms can work well for high-priority events, but could be unnecessarily distracting for a low-priority event. 
Questions about the conflict alert alarm:
What modality would be best for this alarm? (What is the dominant sense with which the air traffic controller will perceive the alarm?) 

What other modalities should be used for this alarm? (What other senses will the air traffic controller also use to perceive the alarm?) 

Would more than one modality for this alarm be beneficial? 

Could some modalities be unnecessarily distracting? When? Why? 

Likert for importance of modality for the conflict alert alarm = 


1b) PRIORITY. Priority refers to which alarm takes precedence. Alarms indicating more critical hazards should receive priority over alarms indicating hazards that can be managed at a later time or hazards that do not present an immediate risk of harm. For example, most modern automobiles are outfitted with multiple alarms. While alarms for low fuel, open trunk, low tire pressure, and change oil are meant to inform the driver of important hazards, they are not as critical as the alarm for collision avoidance, which is more noticeable. High-priority alarms should be placed in more easily perceived locations because the location will facilitate the speed of alarm awareness and response. For example, high-priority visual alarms should be placed directly in front of the air traffic controller. Some of the variables that can be manipulated for priority include the time available to respond to the hazard, sequencing (higher priority alarm alerts you first), and layering (higher priority alarm on top on a visual computer screen). 

Questions about the conflict alert alarm:
What should the priority level of the alarm be compared to other alarms in the environment? 

Likert for importance of priority for the conflict alert alarm = 

1c) SALIENCY. Saliency refers to the prominence of an item, or “the quality of being particularly noticeable or important,” and indicates how easy it is for a user to notice or detect an alarm. Saliency can be indicated by the subfactors of contrast (visual, tactile), color (visual), size (visual, tactile), shape (visual, tactile), luminance (visual), amplitude/volume (auditory, tactile), frequency (auditory), texture (tactile), speed, pattern, and length (visual, auditory, tactile). Higher alarm saliency is needed to attract the attention of the operator in high distraction or cluttered environments. 

Questions about the conflict alert alarm:
How easy should it be to notice the alarm? 

What can be done to make the alarm more noticeable? 
In which situations do you need the alarm to be more noticeable? 
In which situations do you need the alarm to be less noticeable? 
Which factors (contrast, color, size, shape, luminance, volume, frequency, texture, speed, pattern, length) should be used to help the user notice this alarm? Which factors would be unnecessarily distracting? 
What are the potential distractors in the environment that can prevent the air traffic controller from noticing the alarm? 
Likert for importance of saliency for the conflict alert alarm = 
1d) DISRUPTIVENESS A highly disruptive alarm will interfere with the user’s attention until the alarm is silenced. It will interfere with other tasks that the air traffic controller is doing and will demand that the air traffic controller stops their current task to pay attention to the alarm. Emergency alarms should typically be more disruptive than less urgent alerts because they are higher priority and must be addressed immediately. A highly disruptive alarm can be perceived in the presence of other, distracting stimuli and attract the attention of the air traffic controller. For example, a flashing light may not attract the attention of a busy air traffic controller, but a loud, auditory alarm will. Alarms should not be so disruptive that the user is overwhelmed with the alarm itself. The disruptive nature of alarms can grow exponentially when multiple alarms have been activated at the same time, as seen in many ICUs or operating rooms. Some of the variables that can be manipulated for disruptiveness include intrusiveness and saliency.

Questions about the conflict alert alarm:
How much should the alarm disrupt the air traffic controller’s attention? 

How can the alarm avoid excessively disrupting the air traffic controller’s workflow and cognition? 

Likert for importance of disruptiveness for the conflict alert alarm = 

CATEGORY #2: WHAT (in what way should the alarm notify the controller?)
DISTINGUISHABILITY, EXCLUSIVITY, FAMILIARITY, CONSISTENCY and INFORMATIVENESS

2a) DISTINGUISHABILITY 
Distinguishability refers to the uniqueness of each alarm when multiple alarms are presented simultaneously. If you have multiple alarms activated at the same time, can you tell which is which? If you have 2 verbal alarms, low distinguishability would mean that you can’t easily tell them apart. An example of better distinguishability would be for the higher priority alarm at that moment to have both a verbal and a tonal component and the lower priority alarm to have only a tonal component.  
Visual alarms can be varied in their color, shape, size and illumination; auditory alarms can be varied in their volume, pitch, and timbre. A verbal component may be added; tactile alarms can be varied in their intensity, size, and texture. In some cases, it is beneficial for all alarms of a certain class to have similar features. Some of the variables that can be manipulated for distinguishability include heterogeneity, identifiability, uniqueness, diversity, and variety.
Questions about the conflict alert alarm:
How different should this alarm be from other alarms? 
What can be done to make this alarm more distinguishable from similar alarms? 
How many other alarms may occur in the environment simultaneously? 
Likert for importance of distinguishability for the conflict alert alarm = 
2b) EXCLUSIVITY Exclusivity refers to a single, discrete alarm being paired to a single, specific hazard. An example of an exclusive alarm is a fire alarm. A fire alarm has one purpose: it only indicates the presence of smoke or fire. The only correct response to a fire alarm is to leave the area. In contrast, the sound used by a microwave oven is non-exclusive. A microwave oven has a single auditory output that could mean multiple things (for example that the user has started the microwave or that the microwave has finished heating the food). If you have multiple similar hazards then you might benefit from the alarm being assigned to a category of hazards, rather than exclusive.

Questions about the conflict alert alarm:
How many hazards should the alarm be limited to? 

Likert for importance of exclusivity for the conflict alert alarm = 

2c)  FAMILIARITY/RECOGNIZABILITY An air traffic controller who is familiar with the sound, site, or feel of an alarm, may be more easily able to distinguish it from other alarms. An air traffic controller is more likely to respond to a familiar alarm modality. Some of the variables that can be manipulated for familiarity include training and experience.

Questions about the conflict alert alarm:
How much of a problem would it be if the signal was changed?
How familiar should the alarm be to the air traffic controller? 

What can be done to make this alarm easy to recognize? 

Likert for importance of familiarity/recognizability for the conflict alert alarm = 

2d)  CONSISTENCY A controller is more likely to respond to signal that is consistent between facilities and types of automation within a given facility. Consistency may also reduce cognitive workload. 

Questions about the conflict alert alarm:
Is the intended alarm consistent with similar signals used on other equipment? Are there examples of the current level of consistency working well? Not well? 
If the alarm is not consistent, is there an important design consideration that outweighs this factor?	

Likert for importance of consistency for the conflict alert alarm = 

2e) INFORMATIVENESS Informativeness refers to the alarm providing only the information needed for the air traffic controller to manage the hazard while avoiding alarm flood (overwhelming the user with irrelevant data or too many alarms at once). In other words, with an informative alarm, the air traffic controller will know what to do when they hear the alarm. The verbal alarm on an AMASS is a good example of an informative alarm, it states the problem and tells the controller what to do. The user may not have time to process an avalanche of raw data, particularly during a critical event. Alarms must therefore immediately provide actionable information. Less urgent alerts may be designed to provide more information, depending on how much time the user has to process this information before a response is required. Some of the variables that can be manipulated for informativeness include relevance, directiveness, urgency, and training. 
Questions about the conflict alert alarm:
How much information should the alarm provide? 
How much information should the alarm provide about the time remaining to resolve the hazard? 
Should the alarm provide an indicator or cease when the hazard has been resolved? 
Likert for importance of informativeness for the conflict alert alarm =  

CATEGORY #3: WHERE (where should the notification of the controller occur)
LOCATION and RECIPIENT

3a) LOCATION. Location describes where the alarm is physically placed. The location of the alarm should optimize air traffic controller detection of the alarm without causing undue distraction. For example, a tactile alarm located on a vest or headband can be strategically located to help the operator determine where to direct their attention, although there is potential for this to be distracting. Some of the variables that can be manipulated for location are distance of the alarm and direction of the alarm from the controller. 

Questions about the conflict alert alarm:
What is the ideal location for this alarm? 

What kind of potential exists for this alarm location to be distracting?  

Should the alarm itself indicate the location of the hazard? 

Will the location of the hazard change over time? 

Likert for importance of location for the conflict alert alarm = 

3b) RECIPIENT Recipient refers to the air traffic controller(s) who need to be aware of the alarm. If the recipient is in a single location, the alarm can be in that location. If, however, the recipient must move between locations, the alarm should be designed to move with the recipient. A limited visual field, for example, wearing a helmet, night vision goggles, other equipment could lead to the participant’s inability to perceive some visual alarms. The alarm designer should consider the possibility that the air traffic controller could have a physical disability or impairment (e.g., color blindness) that could interfere with the perception of the alarm. Some of the variables that can be manipulated for recipient include number of recipients, scope, and required action.
Questions about the conflict alert alarm:
Who are the intended recipient(s) of the alarm?
Are there multiple intended recipients for the alarm? If yes, who?
Will the intended recipient’s location be dynamic? 
Is there a potential for the recipient’s vision or other senses to be limited? 
Do any of the intended recipients have impairments or disabilities that may interfere with their perception of the alarm? 
Likert for importance of recipient for the conflict alert alarm = 

CATEGORY #4: WHEN (when should the alarm notify and stop notifying the controller)
TEMPORALITY and SUPPRESSIBILITY

4a) TEMPORALITY The temporality of the alarm determines when the alarm will be activated, how long the alarm will be activated for, and when the alarm stops. In some situations, it may be desirable for the alarm to sound immediately, such as to alert the air traffic controller to loss of separation. In some cases, designers should build in a delay. For example, for lower priority hazards, a delayed alarm will give air traffic controllers a chance to resolve the hazard before the alarm is activated (potentially decreasing alarm fatigue). Some of the variables that can be manipulated for temporality include start time, stop time, and immediacy. 
Questions about the conflict alert alarm:
How soon after the onset of the hazard should the air traffic controller be warned? 

Should the alarm continue to sound throughout the hazard, or should it stop automatically before the hazard is resolved?

Could the urgency level of the hazard change? 
Likert for importance of temporality for the conflict alert alarm = 

4b) SUPPRESSIBILITY. Suppressibility refers to how much control the air traffic controller has over inhibiting the alarm (either manually when the alarm occurs, or by setting the parameters for an ‘automatic suppression’. Some alarms cannot be suppressed. Some alarms can be dimmed, delayed, muted, or disabled by the air traffic controller. Some of the variables that can be manipulated for suppressibility include persistence and required intervention. 
Questions about the conflict alert alarm:
Who should be able to suppress the alarm? 

How should the alarm be suppressed? 

What are the advantages of suppressibility for this alarm? 

What are the disadvantages of suppressibility for this alarm? 

Likert for importance of suppressibility for the conflict alert alarm = 


CATEGORY #5: WHAT (what should the alarm indicate about the hazard?)
PERCEIVED ACCURACY AND PERCEIVED RELIABILITY
Note: Cannot change the algorithm that activates the alarm with this project; however, can change alarm characteristics

5A) PERCEIVED ACCURACY Accuracy refers to the avoidance of false alarms and misses. False alarms occur in the absence of a hazard, while misses fail to detect the hazard. False alarms will increase workload unnecessarily. Both false alarms and misses can have a detrimental effect on long-term trust in the alarm. False alarms can lead to alarm fatigue, which has often been cited as a reason for suppressing alarms. Alarm designers could allow for automatic and air traffic controller-set modifications to the alarms’ sensitivity and specificity to fit the situation. 
Variables that can be manipulated for perceived accuracy:
	Variable
	Initially determined by the algorithm?
	How it could be modified locally by second level engineering
	Example

	Sensitivity criteria
	[image: Badge Tick1 with solid fill]
	Inhibit areas
	The TRACON could create an inhibit area containing the VFR aircraft that would prevent a MSAW from sounding in the inhibit area. E.g. on a visual hold in Honolulu with the MSAW activated by mountains, ATC could set up an inhibit area saying the signal should not alert unless the distance becomes closer*

	Variable probability of hazard
	[image: Badge Tick1 with solid fill]
	Likelihood indicator
	Two aircraft approaching head-on that are about to turn to their final approach courses will trigger the CA, but there is a low likelihood of loss of separation

	Confidence that hazard will occur
	[image: Badge Tick1 with solid fill]
	Time-to-go 
Bar (potential future feature)
	A conflict probe, which can occur up to 40 minutes in the future, could potentially tell you how long before loss of separation will actually occur with a ‘time-to-go’ bar  

	Controller judgement that aircraft may lose separation

	[image: Badge Cross with solid fill]
	J-ring 
	Signal will alert if hazard enters the ring


*The system keeps track of if the alarm ‘would have’ been set off, and 20% of the incidences of if the alarm ‘would have’ been set off are evaluated regularly

Questions about the conflict alert alarm:
What factors will impair alarm accuracy, by causing a false alarm or conversely, a miss? 
What modifications to the alarm can help to minimize false alarms and misses? 
Likert for importance of accuracy for the conflict alert alarm = 

5B) PERCEIVED RELIABILITY 
An alarm is reliable if it consistently performs in the same manner over time. An alarm that performs well under some circumstances but not others is not reliable (i.e. a change in accuracy over time = unreliable). The variable that can be manipulated for perceived reliability is consistency. For example, AMASS can be affected by snow drifts near a runway, making it inconsistent/less reliable. Future hardware or software improvements might be able to mitigate this effect. 
Questions about the conflict alert alarm:
How reliable does the alarm need to be? 

Likert for importance of reliability for the conflict alert alarm = 




Here is a summary of the 15 properties. 
Table 1: The Framework 
	
	Factor

	HOW
	Modality
(Visual, auditory, tactile, olfactory)

	
	Priority

	
	Saliency/Noticeability (Contrast, color, size, shape, luminance, amplitude and frequency, texture, speed/pattern)

	
	Disruptiveness

	WHAT
	Distinguishability

	
	Exclusivity

	
	Familiarity
Recognizability

	
	Consistency

	
	Informativeness

	WHERE
	Location

	
	Recipient

	WHEN
	Temporality

	
	Suppressibility

	WHAT
	Accuracy

	
	Reliability






Out of these 15 properties, please choose the 3 most important _______

Rank these in order of importance ________

Does the 15 property framework completely characterize all the required properties of an alarm? 

Do any gaps or failures exist in the alarm framework? ___ If yes, describe these ____

Is the framework easy to understand? (Likert scale, 1= not at all; 5=completely)



Is the structured interview easy to understand?  (Likert scale, 1= not at all; 5=completely)
Would applying the framework to alarm design and revision would improve alarm 1) ease of use  (Likert scale, 1=not at all; 5=to a great extent)


2) reduce confusion  (Likert scale, 1=not at all; 5=to a great extent)


3) improve overall safety (Likert scale, 1=not at all; 5=to a great extent)




GENERAL QUESTIONS
Overall general questions

Modality: What do you think about the current alarm modalities used at your current position? Are there examples of the current modalities working well? Not well?
Likert for importance of modality overall: 5
Priority: What do you think about the current alarm priority at your current position? Are there examples of the current priority working well? Not well? 
Likert for importance of priority overall: 4
Saliency: 

What do you think about the current alarm saliency at your current position? Are there examples of the current saliency working well? Not well? 
Likert for importance of saliency overall: 4
Disruptiveness: What do you think about the current alarm disruptiveness at your current position? Are there examples of the current level of disruptiveness working well? Not well? 
Likert for importance of disruptiveness overall: 2
Distinguishability: What do you think about the current alarm distinguishability at your current position? Are there examples of the current distinguishability working well? Not well? 
Likert for importance of distinguishability overall: 3

Exclusivity: What do you think about the exclusivity of the alarms used at your current position? Are there examples of the current exclusivity working well? Not well?
Likert for importance of exclusivity overall: 4

Familiarity: What do you think about the current alarm familiarity at your current position? Are there examples of the current level of familiarity working well? Not well? 
Likert for importance of familiarity overall: 4

Consistency: What do you think about the current alarm consistency at your current position? Are there examples of the current level of consistency working well? Not well?
Likert for importance of consistency overall: 3

Informativeness: What do you think about the current alarm informativeness at your current position? Are there examples of the current informativeness working well? Not well? 
Likert for importance of informativeness overall: 4

Location: What do you think about the current alarm locations at your current position? Are there examples of the current locations working well? Not well?
Likert for importance of location overall: 3

Recipient: What do you think about the current alarm recipients at your current position? Are there examples of the current intention for alarm recipients working well? Not well? 
Likert for importance of recipient overall: 4

Temporality: What do you think about the current alarm temporality at your current position? Are there examples of the current temporality working well? Not well? 
Likert for importance of temporality overall: 4

Suppressibility: What do you think about the suppressibility features of the alarms at your current position? Are there examples of the current suppressibility features working well? Not well?
Likert for importance of suppressibility overall: 2

Accuracy: What do you think about the current alarm accuracy at your current position? Are there examples of the current accuracy working well? Not well? 
Likert for importance of accuracy overall: 5

Perceived Reliability: What do you think about the current alarm reliability at your current position? Are there examples of the current reliability working well? Not well? 
Likert for importance of perceived reliability overall: 4



Controller position: Air Traffic Manager

Time at current position: 7 Years

Previous positions: TRACON, Tower

Time at previous positions 24 years in ATC

Previous experience with operations and automated systems that provide alerts and/or alarms: No
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