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Abstract
This paper provides a human performance perspective on the question: what are the effects of operational fatigue? From research among a military unit of the Royal Netherlands Marine Corps in a sustained training session it is concluded that operational fatigue affects operational performance, especially in the decrease of vigilance. There also appears to be a lack of awareness of this decrease in vigilance, which might jeopardize the operational performance of the unit even further. We also discuss the use of psychoactive pharmaceuticals or cogniceuticals on operational fatigue and performance. From a human performance perspective it is recommended to make military personnel and their commanders aware of the detrimental effects of fatigue and exhaustion by high operational tempo on vigilance and decision making. It is also recommended to continue the discussion on ethical use of cogniceuticals by feeding it with empirical data from randomized controlled trial studies in field situations.

1.0
Introduction of operational readinesss and operational fatigue
The ultimate goal of armed forces is to produce combat power, that enables them to secure, defend and if necessary attack with the potential or actual use of mass violence. This power is a potential, ready to be used in conflict situations. In order to create this potential, armed forces enlarge their combat readiness as much as they can. This combat readiness consists of material readiness, personnel readiness and training level (De Both, 1984). The time that military personnel are part of a military unit also contributes to operational readiness, especially by an increase of training level of the operational unit (Meijer, 1998). 
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Figure 1. Constituents of operational readiness: personnel, material readiness and training level (Meijer and De Vries, 2005).

From figure 1 it appears that operational readiness consists of personnel readiness, material readiness and training level of an operational unit. The personnel readiness of a unit depends on sufficient numbers of personnel, with the right skills and experience and a good health. The application operational readiness in a theatre of conflict or war defines the ultimate performance of the operational unit. Especially when this performance is studied in sustained operations, effects of exhaustion, fatigue and sleep loss have to be taken into consideration. 

Hockey (1986) defines fatigue as the consequence of continuous high levels of information overload. Fatigue has been associated with the vigilance situation, in which the time of the signals is short and the interval in which the signals occur is extended. Fatigue is typically a product of hours of continuous work (Hockey, 1986, 44-16/17). 

Boff and Lincoln (1988) state that feeling tired is rather common, but that defining fatigue operationally has proved  to be difficult. According to them, fatigue has been variously defined as number of hours of work, hours on duty, hours until subjects could not continue to work and as subjects’self ratings of fatigue, which may r may not correlate with performance decrements. They also state that fatigue and exhaustion appear to be distinct phenomena (Boff and Lincoln, 1988, p. 2176).     

Mohler (1996) described the following key factors of aircrew fatigue: multiple night flights, multiple time-zone displacements, flights departing within 24 hours after an evening arrival, and multiple take offs and landings. Factors which increase workload, such as adverse weather conditions, low altitude maneuvers and exposure to chemicals promote the onset of fatigue (Mohler, 1996, p.758-759).

Sustained operations consist of military activities over prolonged periods of time. This prolongation can be defined as the amount to which the operations exceeds the initial and expected time of its duration. It can also be defined as the amount to which the operation requires continuous activities, without sufficient periods of rest and sleep. 

Aaronson et al (1999) defines cognitive fatigue as the awareness of a decreased capability of cognitive performance (Aaronson et al, 1999, p. 46). 

Overseeing the ongoing efforts to define fatigue and taking into account the critical effects of sustained operation from a human performance perspective, we define operational fatigue as the decrease in performance, due to prolonged participation in sustained operations. Greenley (2005) defined extended or sustained operations as a operations that span multiple rotation cycles, or a single rotation extended in its duration. An example of operations that span multiple operation cycles is the repeated deployment of troops to the same theatre, as nowadays is the case for example for American or British units in their deployment to Iraq. The timeframe in this definition of sustained operations varies from 1 to 5 years, assuming that deployments last for a period from 6 to 12 months.

Military operations consist of different stages, like the initial entry stage, the accommodation stage, the maintenance and end stage. At a first glimpse, especially the initial entry stage and the end stage of operations are likely to produce operational fatigue. Studying operational fatigue in these stages of real life operations is almost impossible, as this kind of research conflicts with the safety of military personnel of whom their fatigue produces operational risks, as will be shown in this paper. Therefore, we studied sustained training sessions of operational units, in which operational fatigue is easily induced by lack of sleep and prolonged hours of work. 

Angus et al (1979) studied the relation between vigilance performance and REM sleep deprivation in 16 subsequent nights in arctic conditions. They concluded that REM sleep deprivation is related to a decrease in vigilance performance. Haslam (1984) reported that in sustained field training conditions military effectiveness is lost after 48-72 hours without sleep. Angus and Heslegrave (1984) reported an unacceptable low level of military performance in cognitive tasks after 32 hours without sleep. Baranski, Pigeau and Angus (1994) concluded from experiments with cognitive tasks in a laboratory settings over 72 hours that performance declines but that subjects are aware able to judge this decline in performance accurately. Lagarde et Batejat (1999) reported a significant decrease of vigilance performance in a laboratory setting after 39 hours without sleep, which could partly be compensated by caffeine intake. Lagarde et al (2001) demonstrated positive effects of slow release caffeine and of melatonine on physical performance of United States Airforce Reservist after a transmeridian eastbound flight over 7 time zones.

In this paper we present empirical data on subjective and objective effects of operational fatigue, which were collected in a field study of a military unit in a sustained training session over 5 days and nights. A preliminary report on this research of vigilance performance in sustained field conditions was published by Van den Berg (1995).  

We also discuss the possibility of the use of psychoactive pharmaceuticals as countermeasures to the effects of operational fatigue. We conclude with some main findings and recommendations for the ethical use of psychoactive pharmaceuticals.

2.0
Research question about the effects of operational fatigue

The research question, which will be answered in this paper is: what are the effects of operational fatigue in sustained military operations? These effects will de divided in subjective effects like self reported feelings of fatigue and exhaustion and objective effects of operational readiness like vigilance. 

We have examined these effects in a specific of sustained operations. Ethical constraints did not allow us to do our research in a real life sustained operation. Therefore we conducted our research in a field exercise, in which a training unit of the Royal Netherlands Marine Corps was out in the field for 7 subsequent days. At day time they marched long distances, at night they dug themselves in into self made temporary underground shelters. During the time in their underground shelters unit members  participated in standing watch at night, a most typical vigilance task in military operations. During these periods the operational readiness was measured in the vigilance of the watches and their self reported feelings of fatigue during the entire field training session.

3.0
Methods used in the field study
The measurement of objective effects of operational fatigue took place in the field during the last 3 subsequent nights of 5 nights in the field training session. Breaklights were shown during 4 seconds at randomly intervals between 01.00 and 05.00 AM. Personnel on watch were tasked to note the observation of these light and report them in the logbook with the time and direction of observation.  

The Environmental Symptoms Questionnaire (Johnson, 1984) and some items of the fatigue scale (Meijman, 1991) were used for the measurement of subjective effects of operational fatigue. Every day of the field training session the items were rated on a six point scale, varying from 1, not at all to 6 very much.  

3.1
Empirical data on operational fatigue in a sustained field training session
The objective effect of operational fatigue on vigilance performance was measured in this research by the ratio of detected break lights and undetected break lights. On average over the three nights, 12 break lights were shown at each night. The lights could be observed from 3 observation positions, in which watch personnel was stationed for a one hour watch period. So, during every night 12 soldiers stood watch for an hour on three different locations. After three nights vigilance performance data were collected from a total of 45 subjects. Figure 2 represents the ratio between observed lights and shown light in the last three nights of the sustained field exercise. 

[image: image2.wmf]0

10

20

30

40

50

60

70

NIGHT 3

NIGHT 4

NIGHT 5

01.00-02.00

02.00-03.00 

03.00-04.00

04.00-05.00


Figure 2. Ratio between observed lights and shown lights between 0100 and 0500 in three subsequent nights in a sustained field exercise (n=36). 

From figure 2 it appear that the ratio between observed light and shown lights decreases between 0100 and 0500. This ratio also decreases between night 3 and night 5. As this ratio is defined as an indicator of vigilance performance and is intended to be an objective measurement of effects of operational fatigue, the decrease of this ratio shows a decline in vigilance performance, which demonstrates an objective effect of operational fatigue. Subjective measures of operational fatigue were collected every day by asking the personnel that stood the watch to fill out a questionnaire with items on fatigue, exhaustion, alertness and muscle discomfort.
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Figure 3. Averaged e scores on ESQ scales for fatigue, exhaustion, alertness and muscle discomfort varying form 1, very little, to 6, very much (n=36).  

From figure 3 it appears that subjects reported very little exhaustion and high alertness during all three nights. They reported less than moderate exhaustion and muscle discomfort. The scores on these subjective measures of operational fatigue are the same in all subsequent nights, which indicates no incline or decline in subjective effects of operational fatigue.  

 The remarkable differences between objective and subjective effects of operational fatigue can have at least two explanations.

The first explanation comes from the masculinity culture of armed forces, which discourages to report any weakness or discomfort. In case of a decrease of objective performance, this culture leads to a camouflage of this decrease in performance, which might jeopardize the safety on a military unit and its operational performance.

The second explanation originates from the impossibility to measure subjective effects of operational fatigue in selfreports, as the perception of these effects is affected by fatigue itself. In a similar way, human brains cannot perceive the effects of alcohol on behaviour and perceptions, as these brains are affected by alcohol themselves. So fatigued brains cannot perceive the effects of fatigue, which challenges the Aaronson et al (1999) definition of fatigue as the awareness of a decreased capability of cognitive performance (Aaronson et al, 1999, p. 46). These two explanations are not excluding each other but are complementary.

When objective performance is impaired by operational fatigue, and this impairment is camouflaged, the operational output and safety of operational units are at risk. In the next section we discuss the possibilities to counteract these impairments and risks.

4.0
The effects of psycho pharmaceuticals as operational fatigue counter measures 

The most natural and effective way to compensate the effects of operational fatigue is to provide rest and recuperation. Angus et al (1979) report increase in vigilance performance as the deprivation of REM sleep is compensated by recovery sleep. As operational fatigue is easily induced by operating inhabited weapon systems day and night and in all weather conditions, the human need for rest and recuperation within these systems will increase. The possibility of rest and recuperation in inhabited weapon systems depends on the quality of life that is feasible in these systems. As such, quality of life in inhabited weapon systems contributes to the operational performance of these systems.

The asymmetric trend in modern warfare increases the amount of interaction with civil population, the risk of collateral damage and the constant threat of sniper attacks and attacks by improvised explosive devices. This makes the need for optimal vigilance of all crew in inhabited weapon systems even more critical, which also benefits from the quality of life in these systems. The enlarged impact of inhabited weapon systems by technical superiority asks for superiority in human performance also, especially in vigilance communication and decision making. 

For example, the superior fighting power of the USS Vincennes made it possible in the first Gulf War to intercept a perceived hostile airplane before it could harm this inhabited weapon system. However, an innocent Iranian airliner with more than 290 passengers on board was mistaken for an enemy aircraft.  A critical examination of the decision to intercept the airliner showed that crew members had made mistakes in checking the take-off time tables of the airport of departure, in controlling the Identification Friend or Foe systems, in communicating with the airliner and in reading the data on speed and height of the airliner. These failures could have been the consequences of operational fatigue. The reconstruction of such failures is hardly impossible when such a crew has been using cogniceuticals, especially before the question is answered if such drugs improved their performance. Until proper proof of the enhancement of operational performance is given and widely recognized, any human failure by crews of uninhabited weapons systems, who were using cogniceuticals, will damage the operational output of these systems dramatically. As the impact of manned weapon systems increases and becomes more visible by the world wide operating mass media, more conscientiousness is needed in operating these manned weapon systems. Cogniceuticals are more likely to damage the performance of these systems than to improve this performance, at least at the level of perceived reliability and accountability of inhabited weapon systems.

4.1 . Two recommendations for the ethical use of psychoactive  pharmaceuticals  in countering the effects of operational fatigue.
The first and most important recommendation for an ethical use of cogniceuticals is to enlarge the evidence base of their effects on performance of inhabited weapon systems. The research to enlarge this evidence base has to focus both on subjective and objective effects of operational fatigue. The masculinity culture in most armed forces easily leads to a neglect of objective performance measures, such as vigilance or decision making. The saying in many armed forces was: ‘ better make a wrong decision, than no decision at all’. The increased power and impact of manned weapon systems, more often used and more used in urban theatres does not support this saying anymore. When research on the use of cogniceuticals in inhabited weapon systems demonstrate positive but only subjective effects on performance this use should be stopped immediately, as overestimating one own’s performance leads to unacceptable risks, both for personal safety and operational performance.

The research should be carried out in random controlled field trials. Random refers to the random attribution of subjects to experimental conditions, in order to overcome individual differences. Controlled refers to the control of the results in the experimental condition the results of a non intervention condition. And ‘field’ refers to a situation that resembles the operational theatre at a maximum. Field training conditions give good possibilities for this research, especially when units are trained as they fight.

The second recommendation for an ethical use of cogniceuticals comes from the need to estimate their effects both on the performance of inhabited weapon systems and the quality of life in inhabited weapon systems. In the theatre of operations, sustainability of operational performance is critical, which brings in the need for optimal rest and recuperation conditions within inhabited weapon systems. Too much human resources are wasted in overcoming the unnecessary lack of space, noise, heat and cold and vibrations within these systems.

5.0
Conclusions and recommendations
Operational readiness consists of material readiness, personnel readiness and training level. In sustained operations, operational fatigue decreases operational readiness. From the empirical data in this study it can be concluded that effectiveness of operational behaviours decreases as a result of operational fatigue. However, subjective measures of operational fatigue, like self reported fatigue, muscle pain or exhaustion do not show this decrease in the same way. Therefore it is recommended to study both objective and subjective measures of operational fatigue. 

However, the presented data originate from very small samples in a field training situation. This leads to the recommendation to repeat this kind of research to enlarge the studied sample, and also to detect individual differences within these samples. The data also originate from a field study, in which longer term effects of fatigue are studied up to 5 days or 120 hours. The presented case study even shows effects of operational fatigue in a ten years lifespan. Such studies, including long term effects of operational fatigue in a real daily life field setting are highly commended. 

Following the presented overview and analysis of the use of psycho active pharmaceuticals, it can be recommended to study the effects of these chemicals in randomized controlled trials, in which objective measures of operational fatigue are needed, as well as subjective measures. Only when psycho active pharmaceuticals counteract objective and subjective effects of operational fatigue, the ethical issues, which at least are brought up in psychological operations against parties at war, can be settled.

References
Aaronson L.S. et al (1999): Defining and Measuring Fatigue. Journal of Nursing Scholarship, vol 31, no. 1, pp.45-50.
Angus, R.G., Pearce, D.G., Buguet, A.G., Olsen, L. (1979): Vigilance performance of men sleeping under arctic conditions. Aviation Space Environmental Medicine, vol. 50, no. 7, pp. 692-696.

Angus, R.G., Heslegrave, R.J. (1983): The effects of sleep loss and sustained mental work: implications for command and control performance. AGARD Sustained Intensive Air Operations Conference Proceedings 338, pp. 11-1 – 11-21.
Baranski, J.V., Pigeau R.A., Angus, R.G. (1994): On the ability to self-monitor cognitive performance during sleep deprivation: a calibration study. Journal of Sleep Research, vol. 3, no. 1, pp. 36-44.
Berg, X.E. (1995): The effects of fatigue on vigilance performance during watchkeeping under sustained field exercise conditions. Den Helder: Royal Netherlands Naval College.
Boff, K.R., Lincoln, J.E. (1988): Fatigue: Effect on Performance. Engineering Data Compendium: Human Perception and Performance. Ohio, Wright Patterson AFB.

Greenley, M. (2005): Technical Evaluation Report of Strategies to Maintain Combat Readiness in Extended Deployments, A Human Systems Approach. NATO Research and Technology Organisation, RTO-MP-HFM-124. Prague, 3-5 October 2005.

Haslam, D.R. (1984): The military performance of soldiers in sustained operations. Aviation Space Evironmental Medicinem vol. 55 , no. 3, pp.216-221.
Hockey, G.R. (1986): Changes in operator efficiency as a function of environmental stress, fatigue and circadian rhythms. In K.R. Boff, L. Kaufmann, J.P. Thomas (eds): Handbook of Perception and Human Performance: Vol II. Cognitive Processes and Performance. New York: Wiley.
Lagarde, D. , Batejat, D. (1999): Tests et Batteries de Tests d’Appreciation de la Vigilance (In French). Sommeil et Vigilance, no.9.

Lagarde, D. Chappuis, B., Billaud, P.F., Ramont, L., Chauffard, F., French, J. (2001) : Evaluation of Pharmacological Aids on Physical Performance after a Transmeridian Flight. Medicine and Science in Sports and Exercise, vol. 33, no. 4, pp.628-634.
Meijer, M. (1998): Personnel flows in organizations. Assessing the effects of job rotation on organizational output (In Dutch). Rotterdam: Erasmus University.
Meijer, M, De Vries, R. (2005): Maintaining Combat Readiness in the Royal Netherlands Armed Forces: the psychosocial perspective. NATO Research and Technology Organisation, RTO-MP-HFM-124. Prague, 3-5 October 2005.







































RTO-MP-HFM-151
KN10 - 1
KN10 - 2
RTO-MP-HFM-151
RTO-MP-HFM-151
KN10 - 7

