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R E S E A R C H  A R T I C L E

         Prospective memory enables people to complete inten-

ded tasks in the future. In aviation, pilots ’  prospective 

memory failures, such as forgetting to inform other 

aircraft  of their location or not setting fl aps prior to takeoff , 

can result in serious accidents and loss of life.  4  –  7   Stakehold-

ers in aviation safety have recently called for studies examin-

ing predictors of prospective memory, and, in particular, 

research paradigms that investigate individual diff erences in 

prospective memory performance.  6   Investigating determi-

nants of prospective memory for complex occupations, such 

as those found in aviation, requires a multipronged approach 

that explores system factors and individual pilot differ-

ences. Th e present research examined whether system fac-

tors, such as the features of memory cues that pilots rely 

upon to signal intended tasks, and workload levels (manipu-

lated by terrain difficulty and traffic volume) were associ-

ated with prospective memory failures. We also examined 

whether individual pilot diff erences, such as age, cognitive 

health, or level of expertise, were associated with errors in 

prospective memory. 

 To date, researchers have not used experimental methods 

to directly investigate eff ects of system factors and individual 

diff erences on the prospective memory of pilots. However, 

numerous studies have found that age, expertise, and cognitive 

health (oft en indexed by working memory and processing 

speed) were associated with other cognitive aspects of pilot per-

formance.  14 , 28 , 29   For example, older age, lower levels of working 
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    INTRODUCTION:   Prospective memory allows people to complete intended tasks in the future. Prospective memory failures, such as pilots 

forgetting to inform pattern traffi  c of their locations, can have fatal consequences. The present research examined the 

impact of system factors (memory cue salience and workload) and individual diff erences (pilot age, cognitive health, 

and expertise) on prospective memory for communication tasks in the cockpit. 
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and attending to fl ight parameters. Memory cue salience (the prominence of cues that signal an intended action) and 

workload were manipulated. Prospective memory was measured as radio call completion rates. 
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memory, and operator expertise were associated with dimin-

ished accuracy in executing air traffi  c control instructions.  28 , 29   

Coff ey et al.  2   found that older age was associated with less 

detection of critical events that occurred both inside and out-

side the cockpit. Morrow et al.  19   found that older and less expe-

rienced pilots had lower read back accuracy for air traffi  c 

control information and poorer recall of information from avi-

ation charts. Th ese studies show that individual diff erences in 

pilot age, cognitive health, and expertise are associated with 

cognitive tasks in the cockpit,  13   suggesting that these factors 

might also infl uence pilots ’  prospective memory. 

 Uttl  33   described three types of prospective memory tasks. 

Holding an intention in memory over a period of time is called 

prospective memory proper. For example, remembering to fi le 

a fl ight plan uses prospective memory proper. Memory for vigi-

lance relies upon maintaining an intention in consciousness 

while engaged in other tasks. Vigilance events usually take place 

over shorter time periods. Th e requirement to check altitude at 

regular intervals could be described as vigilance prospective 

memory. Th e third type, habitual prospective memory, is simi-

lar to the proper form, except that the tasks are performed rou-

tinely, such as remembering to complete radio calls at regular 

locations in a pattern. Th ere are also two types of memory cues 

that signal the appropriately timed execution of an intended 

act. Memory cues can be time-based, such as when a task 

should be performed at a specifi c future time (e.g., three o ’  clock). 

Memory cues can also be event-based, such that the execution 

of the task is associated with some future event (e.g., on approach). 

Dismukes  4   found that pilots performed all three types of pro-

spective memory tasks. However, habitual tasks associated with 

event-based memory cues were particularly common and were 

linked with prospective memory failures. 

 In an analysis of Aviation Safety Reporting System reports, 

74 of the 75 incidents that identifi ed a memory failure involved 

prospective memory errors.  24   Th ese prospective memory fail-

ures were categorized as: 1) errors in monitoring for the correct 

occasion to initiate the task; 2) inadequate cues available to ini-

tiate the activity; 3) the tendency to perform habitual or routine 

tasks in place of the intended task; and 4) poorly formed inten-

tions to perform the task. Prospective memory failures were 

also identifi ed in a fi eld study where Dismukes and Berman  5   

placed an observer in the jump seat of cockpits during 60 airline 

fl ights to collect data regarding interruptions, errors in checklist 

execution, and monitoring of cockpit information displays. 

Deviations from standard operating procedures were a com-

mon precursor to prospective memory failures. Even experi-

enced pilots sometime failed to complete routine tasks. Such 

fi ndings indicate that system factors such as inadequate mem-

ory cues, interruptions, and deviations from standard operating 

procedure were associated with prospective memory failures 

and were potential sources of risk in aviation. 

 Other system factors relevant to the investigation of pro-

spective memory in aviation concern features of the memory 

cues associated with task initiation. Memory cues have features 

that render them hypothetically more likely (high-salience) or 

less likely (low-salience) to act as signals for the prospective 

memory task.  3 , 12 , 15   For example, Cohen et al.  3   found that spa-

tially displacing a letter cue (e.g., a  b  c) within a string of letters 

improved prospective memory. Although all letters were 

located within the fi eld of view, the slight displacement of the 

letter cue appeared to increase its salience, as compared to con-

ditions where the letter cue was not displaced. Th us, greater 

salience or prominence of the cue was associated with better 

prospective remembering. Another system factor that might 

infl uence prospective memory in aviation involves the features 

of the situation. Nowinski and Dismukes  23   found that prospec-

tive memory was better when the situational context of the task 

at retrieval was similar to the context at initial processing, where 

the memory cue was fi rst encoded. Th is eff ect, named associa-

tive activation by Nowinski and Dismukes, is similar to the 

encoding specifi city principle fi rst described by Tulving and 

Th omson  32   in studies of retrospective memory. Memory cues 

for word recall were most eff ective when features of the cues 

matched features originally encoded at the time of stimulus 

input. Workload is a third system factor pertaining to context 

that could have implications for prospective memory in avia-

tion settings. Stone et al.  27   found that workload aff ected pro-

spective memory in an air traffi  c control task, such that more 

failures were found in high- than in low-traffi  c volume condi-

tions. In summary, system factors such as the salience of mem-

ory cues, the features of the task context, and workload may be 

relevant factors for understanding pilots ’  prospective memory 

performance. 

 Th e context where prospective remembering takes place has 

also been associated with individual diff erence factors such as 

age and cognitive health. Of particular interest for the present 

research is the age paradox .  Th e age paradox refers to the 

observation that older and younger adults perform similarly in 

studies where the prospective remembering takes place in 

naturalistic environments (e.g., at the participants ’  home),  16 , 17   

whereas in laboratory-based settings younger adults generally 

outperform older adults on a variety of prospective memory 

tasks. Th is pattern suggests that prospective memory could be 

one cognitive function that is spared the typical eff ects of older 

age when the task aff ordances found in natural contexts are 

available.  9  –  11   However, Uttl ’ s meta-analysis of age and prospec-

tive memory found that older adults performed as well as 

younger adults primarily for prospective memory proper tasks 

that were associated with time-based memory cues in natural-

istic settings.  33   Habitual tasks with event-based cues in natural-

istic settings showed a diff erent pattern of results, where older 

age was associated with poorer prospective memory perfor-

mance. Th is latter fi nding is relevant for aviation where routine 

fl ight involves carrying out numerous habitual tasks associated 

with event-based cues. For example, when a radio transmission 

interrupts a pilot just before lowering the fl aps on fi nal approach, 

the intention to adjust the fl aps must be maintained in the mind 

of the pilot and then executed at an appropriate point in the 

future. To date, however, no published experimental studies 

have incorporated the naturalistic environment necessary for a 

comprehensive investigation of individual diff erences and pro-

spective memory for piloting tasks. Moreover, the eff ects of 
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individual diff erences on habitual prospective memory tasks 

associated with event-based cues are unknown in the aviation 

domain. 

 Th e present research measured radio call completion rates, a 

common habitual prospective memory task in aviation. Pilots 

fl ew low- and high-workload missions in a Cessna fl ight simu-

lator (Flight Training Device Level 6). Th e simulation environ-

ment (including simulated traffi  c communication) was used to 

present a natural and familiar general aviation setting in which 

pilots fl ew consecutive patterns at a non-towered aerodrome. 

Th e presentation, by headset, of typical radio chatter and the 

requirement that pilots provide spoken radio calls as normally 

delivered at non-towered aerodromes contributed to the natu-

ralistic features of our fl ight simulation protocol. 

 System factors and individual diff erences were hypothesized 

to aff ect pilots ’  prospective memory. In terms of system factors, 

it was expected that performance would be infl uenced by the 

salience of memory cues and by workload. Specifi cally, we 

hypothesized that pilots would be less likely to complete radio 

calls associated with low-salience memory cues than radio calls 

associated with high-salience memory cues. It was also expected 

that more failures to complete radio calls would be found in the 

high- than the low-workload condition. Th e eff ects of work-

load and memory cue salience were expected to interact 

because under high-workload conditions, less working mem-

ory resources would be available to detect and process low-

salience cues. 

 An eff ect of age was predicted where radio call completion 

rates were expected to be lower for older than for younger 

pilots. Th is prediction was made despite the use of a naturalistic 

setting because of the habitual and event-cued nature of our 

prospective memory task.  17   Similarly, pilots with low levels of 

cognitive health were expected to complete fewer radio calls 

than pilots with high levels of cognitive health. In contrast, per-

formance was expected to be similar across levels of pilot exper-

tise due to the routine aspect of radio call tasks during standard 

pattern fl ight. Interactions between system and individual dif-

ference factors were examined to gain a comprehensive under-

standing of prospective memory failures in aviation.  

 METHODS 

 Pilots were recruited from local fl ying clubs and schools. Inclu-

sion criteria involved having a minimum of a valid student pilot 

permit and a valid medical certifi cation to fl y, as well as being 

18 yr of age or older. Th is study was approved by the university 

ethics committee operating under the Canadian Tri-Council 

Code of Ethics for psychological research. Pilots provided writ-

ten informed consent aft er a description of the study purpose 

and activities.  

    Subjects 

 Pilots ( N   5  101) represented a range of pilot rating and exper-

tise, including student ( N   5  16), recreation/private (visual 

fl ight rules, no additional rating;  N   5  41), private (instrument 

fl ight rules or visual fl ight rule with additional private pilot rat-

ing;  N   5  24), and military, commercial, or airline transport 

pilots ( N   5  20). Pilots were grouped as either younger (age 19 

to 50) or older (age 51 to 81). Th e younger group averaged 

36.3 yr of age ( N   5  65, SD  5  10.1) and the older group aver-

aged 61.3 yr ( N   5  35, SD  5  7.6 yr). Regarding fl ight experi-

ence, the means and ranges for each age group were as follows: 

the younger pilots had been licensed for 7.5 (1 2 33) yr and had 

504.4 (5 2 8000) total fl ying hours, of which 34.8 (0 2 308) h 

were fl own as pilot-in-command in the past 12 mo. Th e older 

pilots had been licensed for 24.7 (1 2 63) yr and had 893.4 

(34 2 5440) total fl ying hours, of which 27.2 (0 2 150) h were 

fl own as pilot-in-command in the past 12 mo. In keeping with 

Taylor et al.,  13 , 28 , 30   pilots were divided into expertise groups 

based upon pilot rating, with students and recreation/private 

(no additional rating) in the low-expertise category, whereas 

private pilots with advanced ratings and air transport, commer-

cial, or military pilots comprising the high-expertise group. 

 Confounds between pilot age and experience are diffi  cult to 

overcome. Although older age tends to be associated with 

poorer performance on cognitive tasks and fl ight summary 

scores,  28  –  30   progression through the lifespan is also associated 

with a rich repertoire of past experience and training.  20   A one-

way ANOVA was conducted to examine how pilot age, as a con-

tinuous variable, varied among the four pilot rating groups. 

Older age showed a marginal association with higher pilot rat-

ing [ F (3,97)  5  2.26,  P   5  0.087]. To examine in more detail 

how age was associated with pilot expertise, secondary one-way 

ANOVAs were conducted with pilot age as the independent 

variable and years licensed and total and recent hours fl own as 

the criterion variables. As would be expected, older age was 

associated with more years licensed ( P   ,  0.001). Th ere were, 

however, no signifi cant relationships between pilot age and 

recent pilot-in-command hours or total hours fl own ( P   .  0.1). 

Because older pilots in this sample tended to have higher levels 

of expertise than younger pilots (as per rating and hours fl own), 

any potential deleterious eff ect of age on prospective memory 

would occur in spite of the older pilots having slightly higher 

levels of expertise.   

 Equipment 

 Th e fl ight simulator was a Cessna 172 aircraft  cockpit and fuse-

lage running Microsoft  Flight Simulator X TM  soft ware. Th e 

simulator was equipped with Cessna 172 fl ight controls and 

physical instruments. Large screens provided 45 degrees of ver-

tical fi eld of view and 120 degrees of horizontal fi eld of view. 

Pilots monitored radio communication from other simulated 

aircraft  at their airfi eld and heard low-level chatter from a larger 

distant airport. A data acquisition computer recorded simu-

lated fl ight parameters such as aircraft  heading, altitude, and 

airspeed. Relevant verbal responses by pilots, such as radio calls 

completed, were recorded by the experimenter.   

 Procedure 

 Pilots were scheduled for a morning or aft ernoon session 

according to their convenience. A questionnaire regarding 
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fl ying experience and a cognitive health screen, the DCAT TM ,   8   

were completed during the same portion of the day as the simu-

lated fl ight. A visual and verbal presentation outlining the 

requirements for fl ying a  “ perfect pattern ”  followed by a prac-

tice session (four full patterns with experimenter feedback) 

were provided to familiarize pilots with the fl ight simulation 

environment, the aircraft  controls, and the communication 

tasks. Aft er the practice session, pilots fl ew six left  hand pat-

terns, three at an airfi eld representing the low-workload condi-

tion and three at an airfi eld representing the high-workload 

condition. Detailed instructions regarding the radio communi-

cation tasks were provided in verbal, written, and graphic 

forms. Pilots provided feedback regarding the fl ight task via a 

fi ve point Likert-type scale at the end of the session. Th is feed-

back showed that the pattern fl ying procedures followed in this 

study were either similar or very similar to pilots ’  own pattern 

procedures. Th us, despite being simulated fl ight, the tasks and 

procedures were considered familiar. 

 In laboratory studies of prospective memory, participants 

are oft en instructed to perform some act upon the recognition 

of a predefi ned memory cue. In contrast, in naturalistic tasks 

that require habitual-type remembering, such as communicat-

ing positions in a pattern, there are typically no explicit instruc-

tions regarding memory cues. A mental intent to perform an 

act is formed and maintained (most likely by repeated practice 

of the same procedures) and strategies and cues for remember-

ing will vary with the experience and preferences of the indi-

vidual. We replicated this naturalistic prospective remembering 

by instructing pilots to complete radio calls at six diff erent loca-

tions as part of their instructions on how to fl y the  “ perfect pat-

tern ” . Other instructions included the specifi c altitude, heading, 

and airspeed for each leg of the pattern, as well as details of the 

simulator fl ight controls and important features of the two 

aerodromes where the fl ights took place. Th e radio call instruc-

tions were not singled out as any more or less important than 

the rest of the pattern instructions. Importantly, pilots were 

instructed to fl y as they normally would while also adhering 

to the parameters provided by the experimenter. Th e experi-

menter did not provide suggestions for memory cues, nor was 

the term  “ prospective memory ”  used by the experimenter. 

 Pilots were provided with detailed instructions regarding 

the six radio calls they were to remember to perform during 

each pattern they completed. As per standard procedures, the 

pilots ’  radio calls were to convey information pertaining to 

their identifi cation and current position in the pattern. As 

shown in     Fig. 1  , six radio calls were required for each pattern. 

Th e fi rst call was for initial rolling on runway (one), or for sub-

sequent runway touch-and-go or runway overshoot events. Th e 

remaining calls were for airborne (two), turning downwind 

(three), mid-downwind (four), turning base (fi ve), and turning 

fi nal (six). Th e radio calls we deemed to have low-salience 

memory cues were calls two and four. Th is is because airborne 

and mid-downwind calls had very limited visual cues (e.g., little 

change occurring with the horizon), and were not accompa-

nied by physical cues (e.g., physically manipulating the con-

trol column). Th e two radio call positions deemed to have 

high-salience memory cues were the calls for turning down-

wind (three) and turning base (fi ve). Th ese high-salience cues 

included visual cues where there were clear changes occurring 

with the horizon and physical cues, where pilots were perform-

ing actions using aircraft  controls. Th ese pilot actions were also 

congruent with the information contained in the radio call. 

Turning base was considered the radio call with the highest-

salience cues because of the physical acts resulting in turning 

and descending, and the visual changes to the horizon and 

approaching runway to the left . Th e high salience nature of 

these cues, aff orded by the natural context of fl ight, was hypoth-

esized to lead to higher rates of radio call completion as com-

pared to low-salience memory cues. As such, the categorization 

of radio calls as having either low- or high-salience memory 

cues was achieved by exploiting the natural features inherent in 

each of the six diff erent radio call locations.     

 Th e remaining two radio calls, one (runway) and six (fi nal 

approach), were considered to have moderately salient cues and 

are not discussed in this analysis. Pilots received a point for each 

required call completed during fl ight, and were not penalized for 

providing extra calls (e.g., short fi nal). Six calls per pattern for 

each of three patterns in each of two workload conditions 

allowed for a maximum of 36 total radio communication calls to 

be recorded. Aft er removing (from statistical analyses only) the 

12 radio calls (2 per pattern) not considered associated with low- 

or high-salience cues, there were 6 radio calls per each workload 

 3  salience condition. Scores were converted to percent comple-

tion rates for each workload and cue salience condition. 

  
 Fig. 1.        Standard pattern with six radio call locations noted (RC 1 2 6). RC  5  radio call. AGL  5  above ground level.    
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 Providing the same instructions and background context 

for all pilots during the encoding of the intent to remember 

to perform the radio call tasks provided an important con-

trol feature in the present study. Ensuring that the identical 

context was used for each pilot when encoding the intent to 

complete the radio calls controlled for associative activa-

tion,  23   a factor known to infl uence prospective memory per-

formance. Th e cues available as signals for remembering to 

perform the radio tasks were considered to be implicit event-

based cues because each radio call was to be completed at a 

specifi ed location (e.g., turning downwind) or pattern event 

(e.g., immediately aft er takeoff ). Th e experimenter did not 

provide explicit cues to assist in remembering, except during 

the practice session when verbal prompts were provided if a 

radio call was forgotten. Feedback regarding the completion 

of radio calls was given by the experimenter during the four 

practice patterns to ensure pilots were familiar with the 

expectations of the radio call task and could perform them 

accurately during practice. 

 Features of the fl ight environment were manipulated to cre-

ate two workload conditions. In the low-workload condition, 

pilots fl ew at an aerodrome with fl at terrain and no other air-

craft  during pattern one, one other aircraft  during pattern 

two, and two other aircraft  during pattern three. In the high-

workload condition, the pilots fl ew in mountainous terrain 

with two other aircraft  during pattern one, three other aircraft  

during pattern two, and four other aircraft  during pattern three. 

In both workload conditions, pilots were required to maintain 

situational awareness of their own aircraft  and other relevant 

aircraft . In each condition the simulated weather was clear and 

no unusual or critical events with respect to instrumentation or 

aircraft  controls were introduced. 

 Cognitive health was measured using the DCAT TM .  8   Th e 

DCAT TM  is a computerized touch-screen cognitive health 

measure comprised of six individually scored subtests, each 

designed to capture elements of cognitive function implicit 

in the abilities required for safe driving. The DCAT TM  

reports only a 5% error rate in identifying older adults who 

might be at risk when operating a motor vehicle. Because 

this tool predicts risk for older adults in regard to the com-

plex task of driving, the DCAT TM  was selected as a potential 

predictor of performance for older aviators. To our knowl-

edge, the current study is the fi rst to use the DCAT TM  in an 

aviation setting. Th e DCAT TM  produces z-scores for each of 

the six subtests that refl ect age-normed accuracy and timing 

of the responses, and a single score that represents driver 

safety (calculated by proprietary algorithms). Each pilot 

completed all six subtests. Subtests 2 and 6 were used in the 

current analysis because they incorporate information on 

monitoring and working memory abilities: the indices of cog-

nitive health in the present study. Th e z-scores from subtests 2 

and 6 were averaged, and low and high cognitive health groups 

were formed by median split. 

 Th e Span of Attentional Field test (Subtest 2) is a dual-task 

measure of attentional capacity. Pilots performed a lexical deci-

sion task (recognizing a target word from nontarget words 

presented briefl y and individually in the center of the computer 

screen) while concurrently noting and then recalling the posi-

tion of a small target dot in the periphery. Th is task was com-

pleted without and then with distractor stimuli in the periphery. 

Subtest 2 scores are based on speed and accuracy on both por-

tions of the subtest and are age-normed. 

 In subtest 6, Th e Identifi cation of Driving Situations, pilots 

watched 10 short narrated video clips of actual driving footage 

(approximately 5 to 15 s each) and then answered a question 

relating to some aspect of scene detail, spatial judgment, or 

driving safety. Th is measure required integration of the audi-

tory and visual information. A second aft er the presentation 

of each video clip, a question was asked with four potential 

answers appearing on the screen (e.g.,  “ how should you 

respond in this situation? ”  or  “ what is the most dangerous 

aspect of this scene? ” ). Less than 30 s were provided to read 

potential answers and tap the screen indicating a best 

response. Th is task is scored as the number of questions 

answered correctly out of 10 and is age-normed.     

 RESULTS 

 Th e mean radio call completion rates, in order from highest to 

lowest, were as follows: turning base (97.1%), turning down-

wind (92.9%), mid-downwind (79.2%), and airborne (73.4%). 

In keeping with the hypotheses, prospective memory perfor-

mance was analyzed in a 2 (cue salience: high, low)  3  2 (work-

load: low, high)  3  2 (expertise: low, high)  3  2 (age: younger, 

older)  3  2 (cognitive health: low, high) mixed ANOVA, with 

repeated measures on cue salience and workload. All reported 

eff ects were signifi cant at  P   ,  0.05, unless otherwise noted. For 

interactions, 95% confi dence intervals were used to compare 

across conditions. All predictor variables were divided into two 

levels (low and high) to maximize the power of the test for a 

fi ve-factorial ANOVA with 101 observations, moderate eff ect 

sizes, and alpha set at 0.05. 

 Prospective memory performance varied with cue salience 

and workload, as hypothesized. Pilots completed more radio 

calls in the high- than in the low-salience memory cue condi-

tion [95.3% vs. 75.6%;  F (1,93)  5  103.23, MSE  5  324.84,     p  2   5  

0.53]. Pilots also completed more calls in the low- than in the 

high-workload condition [88.7% vs. 82.2%;  F (1,93)  5  11.74, 

MSE  5  309.36,     p  2   5  0.11]. Cue salience and workload inter-

acted, as shown in     Fig. 2   [ F (1,93)  5  5.96, MSE  5  198.06,     p  2   5  

0.06]. Th e eff ect of workload was smaller in the high-salience 

cue condition than in the low-salience cue condition. Th is pat-

tern suggests that high-salience cues are generally eff ective 

regardless of workload. In contrast, low-salience cues are less 

eff ective, especially when the workload is high.     

 With respect to individual diff erences, younger pilots com-

pleted more radio calls than older pilots [89.1% vs. 82.3%; 

 F (1, 93)  5  4.45, MSE  5  136.5,     p  2   5  0.05] and age interacted with 

cue salience [ F (1,93)  5  9.06, MSE  5  324.8,     p  2   5  0.09]. Older 

and younger pilots completed a similar percentage of calls with 

high-salience cues. However, in the low-salience cue condition, 
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older pilots completed fewer calls than younger pilots. Work-

load and age did not interact (i.e., the eff ect of high workload 

was similar for younger and the older pilots). 

 Prospective memory performance varied signifi cantly with 

cognitive health. Pilots with lower cognitive health scores com-

pleted 81.4% and pilots with age-appropriate cognitive health 

scores completed 89.5% of the radio calls [ F (1, 93)  5  10.2, 

MSE  5  136.5,  P   5  0.002,     p  2   5  0.10]. Furthermore, the infl uence 

of cognitive health on performance varied with cue salience 

[ F (1, 93)  5  3.88, MSE  5  324.8,  P   5  0.052,     p  2   5  0.04]. All 

pilots showed eff ects of cue salience, but those with low cogni-

tive health were more aff ected by low-salience memory cues. 

 Th e three-way interaction of age, cue salience, and cognitive 

health approached signifi cance and illustrates which pilots were 

most aff ected by cue salience and cognitive health [ F (1, 93)  5  

2.84,  P   5  0.095, MSE  5  324.87,     p  2  5  0.03]. As shown in     Fig. 3  , 

regardless of cognitive health group or age, pilots tended to 

remember to complete the radio calls with high-salience cues. 

In contrast, in the low-salience condition, older pilots with low 

cognitive health failed to complete a substantial number of 

radio calls when compared to younger pilots with low cognitive 

health.     

 Pilots with lower expertise tended to complete fewer 

radio calls than pilots with higher expertise [83.1% vs. 87.8%; 

 F (1,93)  5  3.57,  P   5  0.062, MSE  5  136.4,     p  2   5  0.04]. Th e eff ect 

of expertise on prospective memory did not interact signifi -

cantly with age, cue salience, workload, or cognitive health 

( F   ,  1). Th us, higher expertise did not reduce the negative 

eff ects of older age on radio call completion rates. 

 Two multiple regression analyses were done to determine if 

dichotomizing expertise and age into low and high categories 

reduced the predictive power of these variables. In the fi rst 

regression, the dependent variable was the percentage of radio 

calls completed for high-salience memory cues. Predictors were 

entered in three blocks. Th e fi rst block of predictors indexed 

pilot expertise, specifi cally rating level (ordinal, four-levels), 

recent pilot-in-command hours (continuous), and total hours 

fl own (continuous). Th e second block indexed cognitive health 

(the average of DCAT TM  subtests 2 and 6). Th e third block rep-

resented pilot age (continuous). In the model with all three pre-

dictor blocks, pilot cognitive health was the only signifi cant 

predictor of performance in the high-salience cue condition 

[ b   5  0.34,  t   5  3.41,  P   5  0.001]. Th e full model accounted for 

16.2% of the variance in prospective memory scores in the 

high-salience cue condition. 

 Th e second multiple regression analysis included the same 

expertise, cognitive health, and age variables, but predicted the 

low-salience cue radio calls. In the fi nal model, age and cogni-

tive health were signifi cant predictors of radio call performance 

in the low-salience cue condition [ b   5   2 0.23,  t   5   2 2.28,  P   5  

0.025, and  b   5  0.28,  t   5  2.93,  P   5  0.004, respectively]. Th e full 

model accounted for 20.4% of the variance in prospective 

memory scores associated with low-salience cues. None of the 

pilot expertise variables contributed signifi cantly to the model.   

 DISCUSSION 

 Th e present research investigated whether system factors, such 

as the salience of the memory cues that signal pilots to perform 

the intended task and workload levels, were associated with 

prospective memory failures. We also examined whether indi-

vidual diff erences in pilot age, cognitive health, and level of 

expertise were related to prospective memory errors. Prospec-

tive memory was measured in terms of radio call completion 

rates. 

 As expected, pilots ’  prospective memory performance was 

related to the salience of the radio call memory cues, the work-

load of the fl ight environment, age, and cognitive health. All 

pilots performed well on the prospective memory task when 

high-salience memory cues were available. High-salience cues 

consisted of visual changes to the horizon, as well as internal 

indicators such as sensations associated with turning and 

manipulation of the controls. In contrast, prospective memory 

  
 Fig. 2.        Interaction of workload and cue salience. Bars represent 95% confi -

dence intervals.    

  
 Fig. 3.        Interaction of cue salience, cognitive health, and age. Bars represent 

95% confi dence intervals.    
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performance was reduced when the memory cues were not 

salient among the ongoing activities. Th e present fi ndings also 

showed that a high-workload environment was associated with 

signifi cantly poorer prospective memory performance for all 

pilots. Th e eff ect of workload in this study supports observa-

tions in aviation  7   indicating that high workload poses a risk to 

prospective memory performance. Furthermore, there was an 

interaction between cue salience and workload wherein a sig-

nifi cant drop in radio call completion rates was observed in the 

low-salience, high-workload condition. 

 Examination of the interaction between system and pilot 

factors allows a more comprehensive understanding of the 

factors that infl uence pilots ’  prospective memory. Lower 

prospective memory performance was found for older pilots, 

and for pilots with lower levels of cognitive health. Th e 

eff ects of pilot age and cognitive health were strongly tied to 

memory cue salience. When cue salience was low, older 

pilots with lower levels of cognitive health showed especially 

poor performance. 

 In our sample, expertise did not mitigate the eff ects of ageing 

and cognitive health on prospective memory performance. In 

various occupational domains, expertise has been posited to 

 “ protect ”  skills that might otherwise deteriorate due to age or 

cognitive decline (see Salthouse  25   for a review).  26   Similarly, 

expertise has been examined as a moderator of age eff ects on 

pilot performance.  14 , 18   In the present research, pilots with 

high expertise showed a slight trend toward higher radio call 

completion rates than low-expertise pilots, but this eff ect was 

not statistically signifi cant. Pilot expertise also did not interact 

signifi cantly with age to predict performance as researchers 

have suggested it might.  18  –  20   Findings in the fi eld of aviation 

have been mixed with respect to expertise interacting with age 

in communication tasks. Morrow  19 , 20   noted a benefi cial eff ect 

of increased total fl ight hours for older pilots for air traffi  c con-

trol tasks. On the other hand, Taylor et al.  29   found that higher 

pilot rating did not attenuate age eff ects for air traffi  c control 

communication tasks. Th e general fi nding that prospective 

memory errors have been reported for pilots with varying 

expertise, despite the use of checklists,  5   suggests that in avia-

tion, other factors might override the infl uence of expertise on 

prospective memory performance. 

 Th e present research found that memory cue salience was a 

key system factor aff ecting pilots ’  prospective memory for com-

munication tasks. Older pilots had more prospective memory 

failures than younger pilots, particularly when the environment 

did not strongly signal the memory task (i.e., memory cues 

were low in salience). Th us, measures to augment the salience 

of cues might be important in maintaining prospective mem-

ory performance across the lifespan. Similarly, system support 

tools have been found to attenuate age diff erences observed for 

other pilot communication tasks. For example, simple mea-

sures, such as note-taking, reduced the eff ect of age on pilot 

read-back accuracy for air traffi  c control messages.  21 , 22   Aug-

menting the salience of prospective memory cues could benefi t 

all pilots, but may be most benefi cial for older pilots or those 

with lower cognitive health. 

 Th e eff ects of cognitive health shown in the present study 

speak to the importance of cognitive health screening in 

addressing risk for prospective memory failures for pilots of any 

age. Th e present study used age-normed measures of cognitive 

health that primarily indexed working memory ability. Pilots of 

any age might be vulnerable to declines in working memory 

that are related to illness, side-eff ects from medication, fatigue, 

or an event such as a concussion. For example, Transport Can-

ada recommends that pilots with multiple sclerosis be assessed 

every 6 mo to monitor their physical and neuropsychological 

health.  31   Presumably this is recommended because even indi-

viduals with mild and recently diagnosed early relapsing-

remitting multiple sclerosis have shown declines in working 

memory when compared to control subjects.  1   In sum, the risk 

of prospective memory failures could be heightened when 

cognitive health has been compromised. 

 Th e present research showed that both system factors and 

individual diff erences infl uenced pilots ’  prospective memory for 

habitual tasks associated with event-based memory cues. Our 

fi ndings imply that technologies designed to signal intended 

future tasks should target those tasks with inherently low-salience 

memory cues. Th e greatest benefi t of increasing the salience of 

memory cues might be found in high-workload conditions and 

for older pilots with lower levels of cognitive health.     
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