Seeing Through the Mist: An Evaluation of an Iteratively Designed Head Up Display to Facilitate Rotary Wing Pilot Situation Awareness and Workload in Simulated Degraded Visual Environments – Supplementary Statistical Analysis 


MANOVA
[bookmark: _GoBack]An initial MANOVA examined pilot’s subjective situational awareness ratings as dependent variables (DVs), and weather, display and phase of flight as independent variables (IVs). It was found that although the interaction between weather, display and phase was significant (F=10.66, p = .038, ηp2 = .98), all other comparisons made within the model failed to reach overall significance, (p> .05, ns). As such caution is warranted when considering the subsequent data analysis. It was deemed appropriate to pursue analysis due to the exploratory nature of the work and that for all comparisons, other than the interaction between display and phase, all recorded an effect size of greater than ηp2 = .9.   
ANOVAs
Awareness
Pilot awareness was significant affected by weather (F1, 17 =7.37, p < .01, ήp2 = .82), display (F1, 17 = 14.21, p < .01, ήp2 = .90) and phase (F1, 17 = 7.06, p < .01, ήp2 = .82). Significant interactions effects of weather and display (F1, 17 = 11.55, p < .01, ήp2 = .88) and weather and phase (F1, 17 = 3.38, p < .05, ήp2 = .68) on pilot awareness were also observed. No significant interaction was observed between weather, display and phase (F1, 17 = 2.69, p = .07, ns) or display and phase (F<1) on pilot awareness. Univariate follow-up procedures were conducted to examine differences in the individual dependent variables, along with appropriate post hoc tests.
Desired heading
Pilot awareness of desired heading was significantly affected by weather (F1, 17 = 6.63, p < .05, ήp2 = .28), display (F1, 17 = 33.87, p < .01, ήp2 = .66) and phase (F1, 17 = 17.65, p < .01, ήp2 = .51). Pilot awareness of desired heading was also significantly affected by the interaction of weather and phase (F1, 17 = 34.70, p < .01, ήp2 = .67), weather and display (F1, 17 =12.41, p < .01, ήp2 = .42) and weather, display and phase (F1, 17 =10.50, p < .01, ήp2 = .38). The interaction of display and phase on pilot awareness of desired heading was however not significant (F1, 17 = 3.16, p = .09, ns). Post hoc analyses revealed that whilst pilot awareness of desired heading during the descent phase was higher in clear visual conditions both with and without HUD, compared to degraded visual conditions with and without HUD respectively (see table 7), such difference were not significant (p > .05). During the landing phase, pilot awareness of desired heading was significantly (p < .05) higher in clear visual conditions without HUD than degraded visual conditions without the HUD. No difference in pilot awareness of desired heading was seen between clear visual conditions with HUD and degraded visual conditions with HUD (see table 7). Pilot’s awareness of heading was not affected by access to HUD in clear visual conditions (see table 6). Pilot awareness of heading was significantly higher when pilots had access to the HUD in degraded visual conditions, compared to no HUD (p < .05). 
No significant (p > .05) difference in pilot awareness of heading was observed between clear visual conditions with and without HUD during the landing or the descent phases. Pilot awareness of heading was not significantly different (p > .05) between degraded visual conditions with HUD in the descent and landing phases, however when considering degraded visual conditions with no HUD, pilot awareness of desired heading was significantly higher (p < .05) in in the descent phase than in the landing phase. No significant differences were observed in pilot awareness of heading between clear visual conditions in the descent phase with HUD and degraded visual conditions in the landing phase with HUD; the descent phase in degraded visual conditions without HUD and the landing phase in clear visual conditions without HUD or the descent phase in degraded visual conditions with HUD and the landing phase in clear visual conditions with HUD. Pilot awareness of heading was significantly (p < .05) higher in the descent phase with clear visual conditions and no HUD than the landing phase in degraded visual conditions with no HUD. No significant (p >.05) differences in pilot awareness were observed between the descent phase in clear visual conditions without HUD and the landing phase in degraded visual conditions with HUD; the descent phase in degraded visual conditions without HUD and the landing phase in clear visual conditions with HUD or the descent phase in degraded visual conditions with HUD and the landing phase in clear visual conditions without HUD. Pilot awareness of desired heading is significantly (p < .05) greater during the descent phase in clear visual conditions with HUD than the landing phase in degraded visual conditions without HUD.
Pilot awareness of descent was higher in clear visual conditions with HUD than clear visual conditions without HUD, but such difference was not significant (p > .05). Pilot awareness of heading was significantly higher in degraded visual conditions with HUD than degraded visual conditions without HUD (p < .05). Pilot awareness of descent was not different (p > .05) in clear visual conditions without HUD and degraded visual conditions with HUD. Pilot awareness of heading was however significantly higher in clear visual conditions with HUD than degraded visual conditions without HUD (p < .05). No difference in pilot awareness of descent was seen between clear visual conditions without HUD and degraded visual conditions with HUD (p > .05). Pilot awareness of heading was however significantly higher in clear visual conditions with HUD than degraded visual conditions without HUD (p < .05). 

Rate of Descent
Pilot awareness of rate of descent was significantly affected by weather (F1, 17 = 18.56, p < .01, ήp2 = .52), display (F1, 17 = 4.65, p < .05, ήp2 = .22) and phase (F1, 17 =10.68, p < .01, ήp2 = .39). Pilots rate of descent awareness was also significantly affected by the interaction of weather and display (F1, 17 =18.30, p < .01, ήp2 = .52). Pilot awareness of rate of descent was not significantly affected by the interaction of weather and phase (F<1), display and phase (F<1) or weather, display and phase (F1, 17 =1.31, ns). 
During the descent phase pilot awareness of rate of descent was significantly (p < .05) greater in clear visual conditions without HUD than degraded visual conditions without HUD. Although pilot awareness of rate of descent was higher in clear visual conditions with HUD than in degraded visual conditions with HUD, such differences were not significantly (p > .05). Pilot awareness of rate of descent was significantly higher (p < .05) in degraded visual conditions with HUD than degraded visual conditions without HUD. No significant difference (p > .05) was observed of pilot rate of descent awareness in clear visual conditions with and without HUD. Pilot awareness of rate of descent was significantly higher (p < .05) in clear visual conditions with HUD than degraded visual conditions without HUD. No significant different (p > .05) in pilots rate of descent awareness was observed between clear visual conditions without HUD and degraded visual conditions with HUD.
During the landing phase pilot awareness of rate of descent was significantly (p < .05) greater in clear visual conditions without HUD than degraded visual conditions without HUD. Pilot awareness of rate of descent was also higher in clear visual conditions with HUD than in degraded visual conditions with HUD however such differences were not significantly (p > .05). Pilots’ awareness of rate of descent was significantly higher (p < .05) in degraded visual conditions with HUD than degraded visual conditions without HUD. No significant difference (p > .05) was observed of pilot rate of descent awareness in clear visual conditions with and without HUD. Pilot awareness of rate of descent was significantly higher (p < .05) in clear visual conditions with HUD than degraded visual conditions without HUD. No significant different (p > .05) in pilots rate of descent awareness was observed between clear visual conditions without HUD and degraded visual conditions with HUD.
Pilots’ awareness of rate of descent did not significantly differ (p > .05) between the descent phase and landing phase in clear visual conditions without HUD; clear visual conditions with HUD or degraded visual conditions with HUD. Pilot awareness of rate of descent was significantly greater (p < .05) in the descent phase in degraded visual conditions without HUD than in the landing phase in degraded visual conditions without HUD.
Ground Speed
Pilots’ awareness of groundspeed was significantly affected by weather (F1, 17 = 8.73, p < .01, ήp2 = .34) and display (F1, 17 = 18.08, p < .01, ήp2 = .52). Pilots’ groundspeed awareness was significantly affected by the interaction of weather and display (F1, 17 = 4.37, p < .05, ήp2 = .21), display and phase (F1, 17 = 5.35, p < .05, ήp2 = .24) and weather, display and phase (F1, 17 =10.99, p < .01, ήp2 = .39). Awareness of groundspeed was not however affected by phase (F1, 17 =1.28, p = .07, ns) or the interaction of weather and phase (F<1). 
Post hoc analysis revealed that pilot awareness of groundspeed is significantly higher (p < .05) in clear visual conditions with HUD than degraded visual conditions without HUD. Although pilots’ awareness of ground speed was typically higher within clear visual conditions and when they had access to the HUD, such differences were not significant (p > .05).
During the landing phase, pilot awareness of groundspeed was significantly (p < .05) higher in both clear visual conditions with no HUD than degraded visual conditions with no HUD, in degraded visual conditions with HUD than degraded visual conditions with no HUD and in clear visual conditions with HUD than degraded visual conditions with no HUD. Pilot awareness of groundspeed was also higher in clear visual conditions with HUD than without HUD; degraded visual conditions with HUD than clear visual conditions with HUD and in degraded visual conditions with HUD than clear visual conditions without HUD, although such differences were not significant (p > .05). 
Pilot awareness of groundspeed was significantly (p < .05) higher with HUD during landing phase than without HUD during descent in both clear and degraded visual conditions. Pilot awareness of groundspeed was significantly lower (p < .05) in degraded visual conditions without HUD during landing than degraded visual conditions with HUD during both descent and landing phases than the descent phase in clear conditions with HUD. No significant difference (p > .05) in pilot awareness of groundspeed was observed between clear visual conditions with HUD during descent and clear visual conditions without HUD during landing or during the descent phase in degraded visual conditions with HUD and the landing phase in clear visual conditions no HUD. Pilot awareness of groundspeed was significantly higher (p < .05) during the landing phase in degraded visual conditions with HUD than the descent phase in clear visual conditions without HUD and during the landing phase in clear visual conditions with HUD than the descent phase in degraded visual conditions without HUD.
Power Status
Pilot awareness of power status was significantly affected by weather (F1, 17 = 10.04, p < .01, ήp2 = .37) and display (F1, 17 = 4.53, p < .01, ήp2 = .21). No significant effect on pilots’ awareness of power status was observed for phase (F1, 17 = 1.86, ns) or the interactions of weather and display (F1, 17 = 1.03, ns), weather and phase (F<1), display and phase (F1, 17 = 1.34, ns) or weather, display and phase (F<1). 
Post Hoc Tests
During the descent phase in clear conditions, no significant difference in pilot awareness of power status was observed with and without HUD. Pilot awareness of power status was higher in degraded visual conditions with HUD than in clear visual conditions with HUD, but did not significantly differ (p > .05). Pilot awareness of power status in degraded visual conditions was higher with HUD than with no HUD, but such differences were not significant (p > .05). Pilot awareness of power status was however significantly higher (p < .05) in clear visual conditions with no HUD than degraded visual conditions with no HUD.
During the landing phase, pilot awareness of power status was higher with HUD than with no HUD in both clear and degraded visual condition, however such differences were not significant (p > .05). Pilot awareness of power status was significantly higher (p < .05) in clear visual conditions with no HUD than degraded visual conditions with no HUD. Pilot awareness of power status was higher in clear visual conditions with HUD than degraded visual conditions with HUD, but such differences were not significant (p > .05).
Landing point
Pilot awareness of required landing point was significantly affected by weather (F1, 17 = 50.48, p < .01, ήp2 = .75) and display (F1, 17 = 91.72, p < .01, ήp2 = .85). Pilots landing point awareness was significantly affected by the interaction of weather and display (F1, 17 =83.80, p < .01, ήp2 = .83). Pilot awareness of landing point was not however affected by phase (F1, 17 =3.98, p = .06, ns) the interactions of weather and phase (F<1), display and phase (F<1) or weather, display and phase (F<1). 
During both the descent phase and landing phase, pilots’ awareness of required landing point was significantly (p < .05) higher in clear visual conditions without HUD than degraded visual conditions without HUD. Pilot awareness of landing point was significantly (p < .05) higher in clear and degraded visual conditions with HUD than degraded visual conditions without HUD. Despite pilots’ awareness of landing point being higher in degraded visual conditions with HUD than clear visual conditions with and without HUD and in clear visual conditions with HUD than clear visual conditions without HUD and in degraded, such differences were not significant (p > .05). 
Drift
Pilot awareness of drift was significantly affected by weather (F1, 17 = 21.29, p < .01, ήp2 = .56) and display (F1, 17 = 12.43, p < .01, ήp2 = .42). No significant effect was observed for phase (F<1). Pilots’ awareness of drift was significantly affected by the interaction of weather and display (F1, 17 = 13.33, p < .01, ήp2 = .44). Awareness of drift was not however affected by the interactions of weather and phase (F1, 17 = 2.33, ns), display and phase (F1, 17 = 1.11, ns) or weather, display and phase (F<1).
During both the descent and landing phase pilot awareness of drift was very similar between clear visual conditions with and without HUD and degraded visual conditions with HUD; although performance was higher with HUD than without, subtle differences were not significant (p >.05).  Pilot awareness of drift was significantly higher (p < .05) in clear visual conditions with and without HUD than degraded visual conditions with no HUD. Pilots’ awareness of drift was also significantly (p < .05) higher in degraded visual conditions with HUD than degraded visual conditions without HUD.  
Outside environment
Pilot awareness of the outside environment was significantly affected by weather (F1, 17 = 39.50, p < .01, ήp2 = .70) and phase (F1, 17 = 15.22, p < .01, ήp2 = .47). No significant effect was observed for display (F<1). Pilots’ awareness of the outside environment was significantly affected by the interaction of weather and display (F1, 17 =26.02, p < .01, ήp2 = .61). Awareness of rate of descent was not affected by the interaction of weather and phase (F<1), display and phase (F<1), or the interaction of weather, display and phase (F1, 17 = 3.24, p = .09, ns).
During both the landing and descent phase pilot awareness of the outside environment was lower in degraded visual conditions with HUD than clear visual conditions with HUD, but such differences were not significant (p >.05). Pilot awareness of the outside environment was significantly (p < .05) higher in clear visual conditions with and without HUD than in degraded visual conditions without HUD. Pilot awareness of the outside environment is also significantly (p < .05) higher in clear visual conditions with no HUD than degraded visual conditions with HUD, during both the landing and descent phases.
Pilot awareness of the outside environment was significantly (p < .05) lower in degraded visual conditions without HUD during the landing phase than during the descent phase. Pilot awareness of the outside environment was also lower during the landing phase than the descent phase with and without HUD in clear visual conditions and with HUD in degraded visual conditions. Such differences were not significant (p >.05).

Confidence
Analysis revealed pilots’ likeliness to go-around was significantly affected by weather (F1, 17 = 22.79, p < .01, ήp2 = .57) and display (F1, 17 = 6.37, p < .05, ήp2 = .27) but not phase (F<1). Pilots’ likeliness to go-around was significantly affected by the interaction of weather and display (F1, 17 = 5.16, p < .05, ήp2 = .23). Pilots’ likeliness to go-around was not however significantly affected by the interaction of weather and phase (F<1), display and phase (F<1) or weather, display and phase (F1, 17 =3.56, p = .08, ns).  
During the descent phase, although pilots were more likely to go-around in clear visual conditions with HUD than degraded visual conditions with HUD or clear visual conditions without HUD, such differences were not significant (p > .05). Pilots were significantly (p < .05) more likely to go-around in degraded visual conditions without HUD than clear visual conditions with and without HUD or degraded visual conditions with HUD.  Pilots were also more likely to go around in degraded visual conditions with HUD than clear visual conditions without HUD, although such differences were not significant (p > .05).
During the descent phase pilots were significantly (p < .05) more likely to go-around in degraded visual conditions with HUD than clear visual conditions with HUD and in degraded visual conditions without HUD than clear visual conditions with or without HUD. Pilots were more likely to go-around in degraded visual conditions without HUD than degraded visual conditions with HUD, but such differences were not significant (p >.05). Pilots were more likely to go-around in clear visual conditions without HUD than clear visual conditions with HUD and degraded visual conditions with HUD than clear visual conditions without HUD, although such differences were not significant (p >.05).

