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Highlights



	•
	
We assessed General Aviation (GA) pilots' perception of change in METAR symbols.


	•
	
We measured pilots' flight behavior, cognitive engagement, and decision-making.


	•
	
Symbology affects pilots' perception of METAR change and cognitive engagement.


	•
	
Change detection varies credibly between different symbology renderings.






Abstract

Objective

To assess General Aviation (GA) pilots' perception of changes in aviation routine weather report (METAR) symbols.

Method

Sixty instrument-rated GA pilots were randomly assigned to one of three METAR symbology groups. We assessed pilots' ability to detect changes to the METAR symbols during a simulated flight, and examined the relationship between detection performance and pilots' flight behavior, cognitive engagement, and decision making.

Results

Depending on the symbology, pilots varied considerably in their overall detection of METAR symbol change during flight. Pilots who detected the METAR-symbol changes differed in their cognitive engagement compared to pilots who did not detect the changes.

Conclusion

Weather presentation symbology affects pilots' perception of symbol change and cognitive engagement.

Relevance to industry

The simulation outcome provides important data on the perception of weather-presentation symbology important to the design and optimization of cockpit weather displays.
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1. Introduction

Visual Flight Rules (VFR) flight into Instrument Meteorological Conditions (IMC) is a major safety hazard for General Aviation (GA) pilots (Ison, 2014). Because of this, pilots need to assess weather information as part of their pre-flight planning. Pilots also need to maintain good “weather situation awareness” while in flight. One increasingly popular method for receiving in-flight weather updates is the use of cockpit weather displays, such as certified installed display systems or subscriptions to commercial weather products that can be viewed on portable devices or on cell phones (Federal Aviation Administration [FAA], 2010). These products allow the user to display a wide variety of weather symbols, including precipitation, wind, lightning, echo top, and aviation routine weather reports (METARs). For well-designed symbols, McDougall et al. (2000) documented improvements in operator performance and attention management. However, McAdaragh (2002) points out that weather displays must be intuitive, allowing pilots to act on information while navigating and piloting. The weather presentation should also allow pilots to recognize weather conditions, identify individual weather symbols and differentiate them from other symbols, and support the pilot in deciding upon a course of action (Grasse et al., 2008). Currently, there are no industry standards for the display of weather information in the cockpit. This has resulted in large variations in the symbologies used by commercial vendors (FAA, 2010). This raises the question of whether different symbols for the same weather data have an effect on pilot perception and behavior.

Previous research on the effect of weather information on pilot behavior has examined the use of graphical precipitation information (Ahlstrom, 2014; Beringer and Ball, 2004; Latorella and Chamberlain, 2002a; Latorella and Chamberlain, 2002b ;  Yuchnovicz et al., 2001). The results indicate an effect on pilot flying behavior, decision making, and weather situation awareness from differences in Next Generation Radar (NEXRAD) display symbology, resolution, and the age of displayed data. Other researchers have investigated pilots' use of visibility and ceiling information. For example, Johnson et al. (2006) assessed pilot use of METAR symbols on their moving map display to indicate ceiling, wind, visibility, and flight category information. Potentially, pilots could use the METAR information to avoid cloud penetration. However, the researchers found a very modest effect of the METAR information, with only two—of 30—pilots using the information strategically and descending before encountering deteriorating weather.

Graphical METAR information was also studied by Coyne et al. (2005) using color-coded symbols with visibility and ceiling information. The researchers found that the METAR symbols affected pilots' estimations of ceiling and visibility. When the METAR symbols indicated better conditions than the out-the-window presentation, pilots provided ceiling and visibility values that were positively biased. When the METAR symbols indicated worse conditions.than the out-the-window presentation, pilot ceiling and visibility estimates were biased towards lower estimated values than the actual conditions.

In summary, graphical weather presentations could, potentially, aid a pilot and contribute to enhanced weather situational awareness during flight. However, previous research has found both null effects and negative effects of the availability of graphical weather data on pilot behavior and decision making. In some cases the graphical weather information was present but not used; in other cases it was only used frugally. This raises the question of legibility of different presentation symbologies (i.e., colors and shapes) and the extent to which pilots are aware of symbols and can accurately perceive symbol changes. In particular, more data are needed on how pilots perceive symbol location and symbol status during the multitasking situations encountered while piloting, as symbol changes can convey important information that could impact pilot decision making and route choice.

In the present study we assess the effects of variations in cockpit weather symbology on METAR symbol detection.

2. Method

2.1. Participants

Sixty instrument-rated GA pilots (56 male and 4 female) volunteered to participate in the study. Participants were randomly assigned to one of three weather presentation (WP) symbologies.

Participant characteristics are described in Table 1.

	Table 1.
        Descriptive characteristics of study participants by weather presentation.



	
	Weather presentation	n	Age (years)
	Flight hours accrued

	Total
	Instrument
	Instrument: Last 6 months

	Mdn	Range	Mdn	Range	Mdn	Range	Mdn	Range
	1	20	61.5	21–81	3950	225–25,000	350	10–25,000	1	0–80
	2	20	65.0	30–85	5100	600–17,000	500	15–17,000	4	0–50
	3	20	53.5	29–77	3450	500–35,000	400	25–35,000	4	0–100
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