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In ou r ad v anc e d  ind u strial w orld , w e  striv e  to e nh anc e  op e rational safe ty .  T h e  d e sig n of 

m ac h ine s and  p roc e d u re s for th e ir u se  c an affe c t h u m an task s to re su lt in op e rator e rrors 

and  ac c id e nts.  S y ste m ic ally  v ie w e d , d e sig ne rs and  th e ir d e sig n flaw s c an c onstrain c orre c t 

op e rator ac tion and  th u s b e  c au sal in op e rations re su lting  in h u m an e rrors and , ad d itionally , 

in p h y sic al failu re s.  W e  d isc u ss th e  N orth  Am e ric an railroad  ind u stry .  T h e re , w e  c ou ld  p osit 

an inv isib le  d e sig ne r as a p h antom  m e m b e r of e v e ry  railroad  c re w  (i.e ., te am ) in th e  

m ov e m e nt of loc om otiv e s and  railc ars.  T h is also h old s for th e  job s of oth e r railroad e rs b u t 

h e re  w e  lim it to train c re w s.     

     W e  h av e  long  k now n, "By  d e sig ning  m ac h ine  c om p one nts in e ith e r th is w ay  or th at, th e  

[d e sig ne r], in e ffe c t, c h ang e s th e  job  for th e  h u m an op e rator" (Ch ap anis 19 6 5 :23).  

"Mistak e s ap p e aring  in th e  h u m an p art of th e  sy ste m  ofte n h av e  th e ir orig ins in d e sig n 

flaw s.  T h e se  c an h av e  a sig nific ant im p ac t on . . . op e rations… " (G T RI 19 9 9 :1-5 ).  T h e  

c onse q u e nc e s of th e  d e sig ne r’s flaw s are  b orn b y  th e  op e rator.  Uninform e d  ou tsid e rs ju d g e  

as se lf-se rv ing  any  op e rator’s c om p laints ab ou t d e sig ne r’s c onstraints on b e h av ior.   

     Ad v anc e d  te c h nolog ic al sy ste m s w ith  c om p u te r-c ontrol fe atu re s c an h av e  an 

u nantic ip ate d  "b rittle ne ss."  "T h is b rittle ne ss c an arise  b e c au se  of th e  inab ility  of th e  

d e sig ne r to antic ip ate  and  d e sig n for all th e  sc e narios th at c ou ld  arise  d u ring  u se  of th e  

sy ste m , a d e lib e rate  d e c ision b y  th e  d e sig ne r to u se  an ov e rsim p lifie d  m od e l of th e  d e c ision 

task  (d u e  to c ost, tim e  or te c h nolog ic al lim itations), a failu re  of th e  d e sig ne r to c orre c tly  

antic ip ate  th e  b e h av ior of th e  sy ste m  in c e rtain situ ations, or failu re  to c orre c tly  im p le m e nt 

th e  inte nd e d  d e sig n" (S m ith  e t al. 19 9 7 :36 0 ).  A d e sig ne r m ig h t not u nd e rstand  th e  e ntire  

rang e  of v ariation of h is sy ste m 's op e ration in th e  rail w orld .  How e v e r, th e  d e sig ne r m u st 

c onsid e r all th e  p e rform anc e  sh ap ing  fac tors (P S F s) affe c ting  sy ste m  u se .  P S F s are  a 



3 

c om p le x  of e le m e nts inc lu d ing , "e sp e c ially  e q u ip m e nt d e sig n and  th e  w ritte n p roc e d u re s or 

oral instru c tions," affe c ting  an op e rator's p e rform anc e  (Bah r 19 9 7 :15 3). 

     In th e  now  u b iq u itou s c om p u te riz e d  m ac h ine  sy ste m s, th e  op e rator is a m e m b e r of a ne w  

k ind  of d e c ision-m ak ing  te am .  S h aring  d e c ision-m ak ing  is th e  te am  of ac tiv e  op e rator, 

ac tiv e  c ontrol c om p u te r, and  late nt (u p stre am ) d e sig ne r, (Cz aja 19 9 7 :23; D e G re e n 19 9 1).   

     A d e sig ne r’s d e c isions for a c om p u te riz e d  m ac h ine  sy ste m  lim it th e  op e rator and  c ontrol 

c om p u te r d e c isions.  T h e  q u e stion is, In th e  d y nam ic  open railroad  e nv ironm e nt of sw itc h ing  

railc ars, to w h at e x te nt does and  can th e  op e rator k now  th e  lim its of h is d e c ision-m ak ing  

ab ility ?   In oth e r w ord s, W h at is th e  b ou nd ary  b e tw e e n op e rator re liab ility  and  c ontrol 

c om p u te r re liab ility , as se t b y  th e  d e sig ne r?    

     F or b re v ity , w e  foc u s on th e  b u rg e oning  u se , sinc e  20 0 2, of th e  rad io re m ote  c ontrol 

loc om otiv e  (RCL ) and  its atte nd ing  c re w  of one  or tw o re m ote  c ontrol op e rators (RCO s).  

An RCO  op e rate s an RCL  u sing  c ontrols and  d isp lay s on a b od y -m ou nte d  b ox  c alle d  an 

op e rator c ontrol u nit (O CU).  V ia c od e d , d ig ital rad io sig nals, th e  O CU c om m u nic ate s 

w ith  th e  RCL ’s onb oard  c ontrol c om p u te r (O CC), w h ic h  e x e c u te s trac tiv e  p ow e r, b rak ing , 

and  oth e r RCL  fu nc tions.  F or v ariou s d e sig ne d  re asons an O CC c ou ld  c om m and  a stop , 

e .g ., in a rad io c om m u nic ation b re ak  w ith  its O CU. 

     A h u m an-au tom ation inte rfac e  (HAI) is a c ritic al p art of tod ay 's ste ad ily  d e v e lop ing  

and  e nv e lop ing  h u m an-m ac h ine  inte rfac e  (HMI). i  As note d  b y  Ch ristoffe rse n and  

W ood s (20 0 2) and  W ood s e t al. (20 10 :141-17 0 ), p rob le m s c an e x ist, g e ne rate d  b y  th e  

u nc e rtaintie s of inte rfac e s of h u m an op e rators and  c om p u te r-b ase d  au tom ate d  sy ste m s.  

     In w h at w ay s d o th e se  p rob le m s of inte rfac e  e x ist in RCL  au tom ation?   W h at w e  m u st 

q u e stion is, How  c lose  is a p artic u lar su b sy ste m  of au tom ation to th e  lim its of its 

c om p e te nc e ?   F u rth e rm ore , alth ou g h  d e sig ne rs inte nd  au tom ation to re d u c e  h u m an 
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m e ntal and  p h y sic al w ork load , D oe s it e v e r inc re ase  e ith e r of th e  tw o and , if so, u nd e r 

w h at c irc u m stanc e s (c f. Harris, Hanc oc k , Arth u r and  Caird  19 9 5 )?  2  L e t u s tu rn to issu e s 

of sw itc h ing  c ars w ith  an RCL  in th e  RCO ’s railroad  w ork  e nv ironm e nt.3  

     A railroad e r c om m e nts on an au tonom ou s, d e sig ne d  stop  c au sing  slac k  ac tion:  

"Anoth e r inc id e nt in 'V BN ' c au se d  b rok e n rib s and  lac e rations w h e n an [RCO ] h e lp e r 

w h o w as rid ing  th e  p oint of a long  c u t of c ars e x p e rie nc e d  a c om m [u nic ation] b re ak .  

T h e  [RCL ] re sp ond e d  as it h ad  b e e n p rog ram m e d , and  ap p lie d  fu ll ind e p e nd e nt and  

au tom atic  b rak e .  W h e n th e  slac k  ran ou t, th e  h e lp e r w as th row n from  th e  e nd  of th e  

c ars."  T h e  p h antom  c re w m e m b e r h ad  stru c k . 

     An RCO  e x p lains a d e sig n flaw :  "T h e  loc om otiv e  [RCL ] c ou ld  ru n u p  ag ainst an 

ob stac le , or c ou ld  e v e n p u ll a c u t of c ars w ith  a d e railm e nt d ow n in th e  string .  It w ou ld  k e e p  

ad d ing  th rottle  am p s atte m p ting  to attain th e  [O CU’s] se t sp e e d  u ntil it w as u nab le  to m ov e .  

O nly  th e n w ou ld  it inte rp re t a p rob le m  c ond ition, c u t th rottle , ap p ly  b rak e s, and  transm it a 

'loc om otiv e  m ov e m e nt failu re ' rad io ale rt, re q u iring  fu rth e r ac tion from  th e  RCO ." 

     Re g ard ing  d e sig ne d  d e trim e ntal O CC au tonom y , an RCO  re c og niz e s, "th e  

c onse q u e nc e s of c e d ing  b rak ing  d e c isions to th e  RCL  c om p u te r, for e x am p le  on a g rad e  

w h e re  th e  c h oic e  m ay  b e  to re se rv e  b rak ing  c ap ab ility  rath e r th an re g u late  for a p artic u lar 

se t sp e e d ."  T h e  p h antom  c an tak e  too m u c h  c ontrol.   

     An RCO  e x p laine d  th at anoth e r RCO  w as m ak ing  a d rop  w h e n h is RCL  e x p e rie nc e d  

c om m u nic ation failu re  and  th e  O CC, as d e sig ne d , im m e d iate ly  k ille d  trac tiv e  p ow e r and  

ap p lie d  th e  air b rak e s.  T h e  c ar c u t off in m otion in th e  d rop  th e n c ollid e d  w ith  th e  

stop p e d  RCL , w h ic h  c ou ld  not ru n in th e  c le ar of th is c ar as inte nd e d  to d o b y  th e  RCO .  

In its d e sig ne d  “safe ty ” log ic , th rou g h  th e  O CC, th e  p h antom  m ad e  an u nsafe  d e c ision. 
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     A railroad e r c om m e nts on w h at c ou ld  b e  se e n as a loop h ole  in th e  d e sig ne d  RCL  

safe g u ard s:  "T h e  'G HJ  RR' h ad  a fatality  inv olv ing  RCL  th at w as at le ast in p art, th e  re su lt 

of e q u ip m e nt failu re .  T h e  [RCO ] fore m an w as c ontrolling  th e  m ov e m e nt w h ile  th e  [RCO ] 

h e lp e r w as lining  sw itc h e s ah e ad  of th e  [RC] loc om otiv e  [and  its c ars].  T h e  m ov e m e nt 

stop p e d , and  th e  h e lp e r's se c ond ary  O CU [RCD ] ind ic ate d  a c om m [u nic ation] b re ak .  T h e  

h e lp e r w as u nab le  to c ontac t th e  fore m an b y  rad io, and  [th e  fore m an] fou nd  th at [h is h e lp e r] 

h ad  b e e n ru n ov e r b y  th e  c u t of c ars h e  h ad  b e e n c ontrolling .  W h e n [th e  h e lp e r] fe ll, h e  h it 

th e  on/off p ow e r sw itc h  on h is O CU, p re v e nting  it from  initiating  a m an-d ow n alarm  and  

e m e rg e nc y  stop .  T h e  c arrie r q u ic k ly  said  th e  fore m an sh ou ld  h av e  b e e n m ore  aw are  of h is 

su rrou nd ing s, and  issu e d  a safe ty  b u lle tin to oth e r c arrie rs."  

     O ne  RCO  w ith  a 3-p oint stanc e  on th e  sid e  of a m ov ing  railc ar e x p e rie nc e d  an O CC’s 

au tonom ou s stop p ing  ac tion b y  d e sig n and  th e  c onse q u e nt slac k  ac tion th re w  h im  from  th e  

c ar sid e , fortu nate ly , c le ar of th e  m ov e m e nt.  T h is au tonom ou s ac tion of th e  p h antom  c ou ld  

also h av e  th row n th is RCO  into th e  p ath  of th e  m ov e m e nt.  T h e  m ov e m e nt c ontinu e d  for tw o 

c ar le ng th s b e fore  c om ing  to a stop . 

     T h e  RCL  sy ste m ’s log ic  c annot alw ay s ne g ate  h u m an e rror.  W h e n, an RCO  e rrone ou sly  

transm its to h is RCL  a sig nal for d ire c tion of m ov e m e nt th at is th e  op p osite  of w h at h e  

w ants, th e  RCL  c annot c orre c t th at e rror.  T h e  RCL ’s O CC c an h av e  no ju d g m e nt ab ou t 

su c h  h u m an ac tion.  G iv e n th e  c onstant c h ang e s in rail sw itc h ing , th e  d ire c tion of m ov e m e nt 

c onstantly  c h ang e s.  O n th is p oint, an RCO  said :  “T h e  re ason I'm  m e ntioning  th is is 

b e c au se  w ith  Re m ote  Control, th e  RCL  w ill ne v e r (re p e at, N E V E R E V E R!) q u e stion 

w h ate v e r c om m and  it's g iv e n.  It'll d o e x ac tly  as it's told  10 0 %  of th e  tim e ."  T h e  p h antom ’s 

ju d g m e nt is lim ite d  in safe ty -c ritic al situ ations.   
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     A g ood  nu m b e r of RCO s h av e  c om m e nte d  th at th e  p h antom , th rou g h  th e  O CC, c an 

m ak e  an au tonom ou s stop  th at is h az ard ou s g iv e n a p artic u lar c irc u m stanc e .  As one  

RCO  c om m e nts, "T h e re  are  tim e s w h e n d e ad  in th e  w ate r is th e  last th ing  y ou  w ant to 

b e . . . .  Cars rolling  b ac k  ou t of trac k s to fou l th e  le ad , u ne x p e c te d ly  m e e ting  a train 

c om ing  at y ou , rac ing  to c atc h  a c ar th at g ot loose  d ow n th e  w rong  trac k ."  P h antom , d o 

not th u s stop  th e  RCL !  

     A railroad e r su m m ariz e s re g ard ing  som e  asp e c ts of p h antom  c ontrol: 4  

"T h e  softw are  sim p ly  c annot antic ip ate  g rad e s or ad ju st to c h ang ing  c ond itions as w e ll as a 

h u m an c an.  S p e e d  re g u lation is sp e c ifie d  at p lu s or m inu s 1 m p h , h ow e v e r in re ality , 3-4 m p h  

v ariations are  c om m on.  At tim e s, th e  loc om otiv e  w ill se e m  to b e  u nre sp onsiv e  to c om m and s se nt 

from  th e  O CU.  In th e  inc id e nts I am  fam iliar w ith , th is w as th e  re su lt of e ith e r a c om m .[u nic ation] 

loss or th e  loc om otiv e  atte m p ting  to ad ju st to an inc re ase d  load .  D u ring  a c om m [u nic ation] loss, 

th e  [RCL ] w ill not re c e iv e  or re sp ond  to a c om m and  for u p  to 5  se c ond s.  If a c re w  is atte m p ting  to 

sp ot an ind u stry  trac k , th is m ay  b e  an e x c e ssiv e  am ou nt of tim e  to b e  ou t of tou c h  w ith  th e  

loc om otiv e .  And  if th e  op e rator is not aw are  of th e  loc om otiv e 's re sp onse  to c h ang ing  load , it 

c ou ld  re su lt in a p e rsonal inju ry  or fatality .  F or e x am p le , le t's assu m e  an op e rator c ou p le s into a 

c u t of th re e  c ars th at h av e  air or h and b rak e s ap p lie d .  T h e  m ov e m e nt stop s, and  th e  op e rator 

forg e ts to p lac e  th e  sp e e d  se le c tor le v e r in stop  p osition b e fore  g oing  b e tw e e n th e  c ars to re le ase  

a h and b rak e  or ad ju st a d raw b ar.  At som e  p oint, one  of se v e ral th ing s w ill h ap p e n:  In 5 0  

se c ond s, th e  ale rtne ss m onitor w ill b e g in to sou nd , and  in 10  m ore  se c ond s, it w ill stop  th e  

m ov e m e nt.  W ith in th at 5 0 -se c ond  w ind ow , th e  am p e rag e  on th e  loc om otiv e  w ill c ontinu e  to b u ild  

u ntil th e  u nit is ab le  to m ov e  th e  c u t of c ars, p ossib ly  ru nning  ov e r th e  op e rator in th e  p roc e ss.”   

     In c onc lu sion, a p h antom  c re w m e m b e r’s (i.e ., d e sig ne r’s) au tom atic ally  au tonom ou s 

and /or au th oritarian ac tions th rou g h  th e  O CC c ou ld  b e  se am le ssly  h id d e n and  th e re b y  

re nd e re d  op aq u e  to an RCO .  S u c h  oc c u rre nc e  h as re su lte d  in a nu m b e r of k ind s of 

h az ard  e nac te d  b y  a d e sig ne r c re w m e m b e r.  Unfore se e n h az ard s c ou ld  w e ll e x ist.   
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i  Hu m an-Mac h ine  Inte rfac e  (HMI):  W e  c ou ld  c onsid e r th e  HMI as an ab strac t p lane  ac ross w h ic h  

op e rator and  m ac h ine  e x c h ang e  inform ation.  HMI, th e n, inv olv e s stu d y  and  ap p lic ation re g ard ing  fac tors 
of inte rac tion b e tw e e n h u m an op e rator(s) and  a m ac h ine  inc lu d ing  h u m an, p e rc e p tion, d e c ision-m ak ing , 
inform ation-p roc e ssing , c ap ab ilitie s and  p e rform anc e s, task  p roc e d u re s, re ac tions to e q u ip m e nt lay ou t 
and  d e sig n, and  inte g rations of p h y sic al stim u li and  le arning  e x p e rie nc e s.  He nc e , th e  d e sig nation HMI is 
ofte n ind isting u ish ab le  from  h u m an fac tors.  A h u m an's inte rfac e  w ith  a m ac h ine  c ou ld  b e  w ith  a m ac h ine  
to v ariab le  d e g re e s au tonom ou s and  e v e n au th oritarian. 

Au tonom ou s c ontrol sy ste m :  An au tom ate d  sy ste m  c an b e  to v ary ing  d e g re e s or e ntire ly  au tonom ou s, w h e re  
it fu nc tions ind e p e nd e ntly  w ith ou t c ontrol b y  a h u m an op e rator.  T h u s, th e  sy ste m  ind e p e nd e ntly  e x e c u te s 
ac tions w ith ou t im m e d iate ly  p re c e d ing  sp e c ific  h u m an c om m and s.  In ad v anc e d  au tom ate d  sy ste m s, th e  
h u m an op e rator sh ifts task s from  ac tiv e  to su p e rv isory  c ontrol of th e  m ac h ine .  S u c h  sy ste m  m ig h t also b e  to 
v ary ing  d e g re e s or e ntire ly  au th oritarian in not p rov id ing  ad e q u ate  or any  fe e d b ac k  to th e  h u m an op e rator 
re g ard ing  h is su p e rv isory  fre e d om  for ind e p e nd e nt ju d g m e nt and  ac tion.  F or an op e rator, se am le ssly  h id d e n 
and  th e re b y  re nd e re d  op aq u e  to h im  c ou ld  b e  an au tom ate d  sy ste m 's au tonom ou s ac tion and , ad d itionally , its 
p h y sic al failu re  re su lting  in au tonom ou s "fail-safe " ac tion th at c annot g u arante e  op e rational safe ty .  
Au tonom ou s au th oritarian sy ste m s are  ofte n tig h tly  c ou p le d .  Ch ristoffe rse n and  W ood s h old  th at th e  c e ntral 
issu e  is not th e  le v e ls of au tonom y  and  au th ority  b u t, inste ad , th e  am ou nt of c oord ination b e tw e e n th e  h u m an 
and  m ac h ine  c om p one nts of an au tom ate d  sy ste m  (20 0 2).   
  
S p e c ific ally , HMI is a h u m an's inte rac tion w ith  a m ac h ine  th rou g h  c ontrols, d isp lay s, and  d ata inp u t 
d e v ic e s.  W h e n an RCO  d oe s a task  inv olv ing  d ire c t c ontac t w ith  a d e v ic e , su c h  as an O CU, th e  
c om p one nts of th e  O CU th at h e  m anip u late s and /or ob se rv e s are  h is HMI, for th e  task  d u ration. 

2
  E x p and ing  on th e se  th ou g h ts, in c om p le x  au tom ate d  sy ste m s, th e  d ire c t op e rating  te am  c onsists of 

h u m an(s) and  c ontrol c om p u te r.  F or su c h  sy ste m s, inc re asing ly , a h u m an c om m u nic ate s w ith  as w e ll as 
op e rate s a m ac h ine .  Au tom ate d  sy ste m s h av e  b e e n im p le m e nte d  w h ic h  are  m ore  au tonom ou s and  
au th oritarian th an p re v iou sly , w h ile  g iv ing  th e  h u m an op e rator inad e q u ate  fe e d b ac k  (Billing s 19 9 7 :4).  In th e se  
sy ste m s, W h at are  th e  lim itations of th e  role  of th e  op e rator in e x e c u ting  c ontrol ac tions?   T h e  m ac h ine  in th e  
sy ste m  is not a p assiv e  b u t an ag e nt-lik e  d e v ic e  fu nc tioning  at h ig h  le v e ls of au tonom y  and  au th ority .  T h is 
m ac h ine  c an au tonom ou sly  op e rate  w ith ou t an im m e d iate ly  p re c e d ing  op e rator inp u t and  c an au th oritativ e ly  
ov e rrid e  op e rator inte ntion.  S u c h  op e rating  c an e ng e nd e r nov e l re sp onsib ilitie s and  e v e nts for th e  op e rator.  
T h e se  e v e nts c an inc lu d e  som e tim e s-se riou s p rob le m s of b re ak d ow ns in inte rac tions of th e  h u m an and  th e  
c ontrol c om p u te r.  Root c au se s of th e  e v e nts g o b e y ond  ju st th e  op e rator at th e  p oint of c ontrol and  re ac h  u p  
to inc lu d e  th e  lim itations se t b y  th e  su p p lie rs and  th e  m anag e r-im p le m e nte rs of a sy ste m .  Im p le m e nte rs of a 
sy ste m  c ou ld  find  u ne x p e c te d  c onse q u e nc e s b e c au se  th e ir sy ste m  d id  fu nc tion as a te am  p lay e r (N orm an 
19 9 0 ; S arte r and  W ood s 19 9 5 , 19 9 7 ; S arte r, W ood s, and  Billing s 19 9 7 ; Mitc h e ll and  S u nströ m  19 9 7 ).   
T h e  k e y  issu e  w ith  au tom ation au tonom y  in a sy ste m  is, How  d oe s it inte rac t w ith  op e rators and  h ow  m ig h t it 
e nh anc e  or d e g rad e  th e ir p e rform anc e ?   D oe s au tonom ou s c om p u te r c ontrol sh ap e  th e  ac tions and  th ou g h ts 
of op e rators in w ay s u nfore se e n b y  its d e sig ne rs and  m anag e rs w h o im p le m e nt it (c f. P arasu ram an and  Rile y  
19 9 7 )?   T o w h at e x te nt, if any , d o inad e q u ac ie s in th e  HMI as d e sig ne d  foste r ac c id e nts and  ne ar m isse s?   
D oe s th e  p lac ing  of au tom ation b e tw e e n th e  RCO  and  h is RCL , at tim e s, re m ov e  h im  from  th e  e le m e nts of 
op e ration?    

3
T h is long  e nd note  3 is ab ou t th e  intric ate , d e m and ing  natu re  of railroad  sw itc h ing  w ork  in N orth  Am e ric a.  

T h e  w ork  is d iffe re nt from  su c h  task s stu d ie d  ab road , e .g ., in E ritre a, E th iop ia, G e rm any , and  th e  Unite d  
K ing d om .  

S om e  h u m an-fac tors lite ratu re  d e als not, as trad itional, w ith  an ind iv id u al op e rator b u t w ith  a te am  of 
op e rators, as in p roc e ss ind u strie s su c h  as a p ow e r p lant or p e trole u m  re fine ry .  In su c h  stu d ie s and  also w ith  
ind iv id u al op e rator stu d ie s, th e  analy st inv e stig ate s lay ou t of (fix e d ) e q u ip m e nt and  w ork stations c re w e d  w ith  
re fe re nc e  to th e se  fix itie s.  Am ong  oth e r th ing s, in te am  stu d ie s, th e  analy st re v ie w s am ou nts of c om p atib ility  
am ong  te am  m e m b e rs and  th e  fix itie s.  In sw itc h ing , no fix itie s of rolling  e q u ip m e nt or w ork stations e x ist.  All 
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are  d y nam ic , in m y riad , transie nt p e rm u tations.  Ac c ord ing ly , p h y sic al anc h oring  p oints in analy sis are  
e p h e m e ral.  

The O pen Physical E nv ironment of Sw itching 
Most h u m an fac tors stu d ie s of a w ork p lac e  d isc u ss e nv ironm e ntal e le m e nts su c h  as le v e ls of illu m ination, 
noise , and  te m p e ratu re  as w e ll as flow  of fre sh  air, e x h au st v e nting  of any  d u st and  tox ins, re m ov ing  floor 
c lu tte r, th e  c ond ition of re stroom s, and  th e  am e nitie s of th e  c afe te ria.  Analy sis c onc e rns flow  of w ork  p ast 
m ac h ine s and  op e rators along  w ith  th e  natu re  of firsth and  su p e rv ision.  N one  of th e se  e nv ironm e ntal e le m e nts 
ap rop os of fix e d  p lants ob tain in railroad  sw itc h ing 's ou td oor, all w e ath e r, m ob ile , 24/7 /36 5 , h ig h ly  d y nam ic  
m ov ing  of h e av y  e q u ip m e nt on trac k , som e tim e s in th ou sand s of tons p e r sing le  m ov e m e nt.  In a w ord , 
railroad  sw itc h ing  is a d iffe re nt k ind  of w ork . 

Hu m an fac tors ap p lic ations also ab ou nd  h av ing  p h y sic al b arrie r safe g u ard s to p re v e nt or le sse n an ac c id e nt in 
a p lant.  G ilb e rt Marsh all d isc u sse s th e se  b arrie r safe g u ard s, in h is "P rinc ip le s of Mac h ine  G u ard ing ."  T h e  
safe g u ard s inc lu d e  e nc losu re  of a m ac h ine  or its m ov ing  p arts, inte rloc k ing s w h e re  a b od y  p art c annot b e  
inse rte d  w h e n a m ac h ine  op e rate s, and  au tom atic ally  im p ose d  safe g u ard s (Marsh all 19 8 2:341-36 9 ).  T h e se  
c annot ob tain in rail sw itc h ing  b e c au se  th e  e sse nc e  of th e  w ork  is to m ov e  in th e  op e n h u g e  rolling  e q u ip m e nt, 
sing ly  and  in v ary ing  nu m b e rs. As K je llé n note s re g ard ing  c e rtain ind u strie s:  "T rad itional safe ty  m e asu re s 
su c h  as g u ard s, w ill in m any  c ase s b e  u nfe asib le " (19 8 7 :17 2).  Marsh all also lists for d isc u ssion "fail-safe  
b rak e s" as a p h y sic al safe g u ard  b u t say s th at "th e y  c an h ard ly  b e  c alle d  g u ard s" (19 8 2:35 2).  T h is is b e c au se  
w h e n a so-c alle d  fail-safe  b rak e  fu lly  stop s all m otion, a loss m ig h t h av e  oc c u rre d  d u ring  th e  stop p ing  d u ration.  

In N orth  Am e ric a, railroad  sw itc h ing  oc c u rs w ith in th e  c onfine s of a c e ntral or sate llite  y ard  of a te rm inal, from  
a m ain trac k  b oth  w ith in and  ou tsid e  of m ain-trac k  y ard  lim its, and  in se tting s of ind u strial y ard s and  sp u rs 
ap art from  a te rm inal's c e ntral y ard .  Both  road  fre ig h t-train c re w s and  y ard  sw itc h -e ng ine  c re w s d o sw itc h ing  
(m arsh alling ).  Cre w s c ond u c t sw itc h ing  e v e ry  d ay  of th e  y e ar, arou nd  th e  c loc k .  T h u s, sw itc h ing  is in fair 
w e ath e r, su b fre e z ing  c old , torrid  h e at, inte nse  w ind , rain, snow , fog , and  b low ing  d u st, inc lu d ing  in p oor-
illu m ination and  p itc h -b lac k  se tting s.  At tim e s, b ac k g rou nd  noise  c an d row n ou t sou nd s of rolling  e q u ip m e nt.  
All trac k s are  "liv e ," i.e ., c an h av e  rolling  e q u ip m e nt m ov ing  in any  d ire c tion at any  tim e  b y  one 's ow n or 
anoth e r e ng ine  and , ac c ord ing ly , a trac k  m u st not b e  fou le d  b y  one 's b od y  e x c e p t w h e n re q u ire d  b y  a task .  
Cle aranc e s b e tw e e n trac k s are  c lose  and , at sw itc h e s, narrow  d ow n to sp ac e  not p e rm itting  p re se nc e  of a 
h u m an b od y .  "K ic k e d " fre e  rolling  c ars are  u su ally  q u ie t in th e ir ap p roac h  and  th u s railroad e rs som e tim e s c all 
th e m  "sile nt d e ath ."  A sing le  c ar's w e ig h t c an rang e  from  ab ou t 23 tons e m p ty  to ov e r 130  tons load e d  and  
m ay  m ov e  in "c u ts" (d rafts) of se v e ral h u nd re d s to m any  th ou sand  tons and  in le ng th s of u p  to a m ile , or m ore .  
F ooting  c an b e  inse c u re , w ith  rou g h  c ru sh e d  roc k  b allast, d e p re ssions in th e  g rou nd , d e b ris stre w n b e tw e e n 
trac k s, and  p ossib le  ic y  and  slip p e ry  su rfac e s.  Config u rations of loc ations to p lac e  one ’s b od y  on d iffe re nt 
k ind s of fre ig h t c ars v ary  re g ard ing  g rab  irons, foot stirru p s, lad d e rs, and  p latform s. 

O perating railroaders must react to and attempt to control myriad kinds of ev ents occurring, some 
intruding, into a railroad ’s u b iq u itou s, op e n p h y sic al e nv ironm e nt.  In th e  sc ie nc e s, a c lose d  sy ste m  is 

c onsid e re d  as isolate d  from  th e  e nv ironm e nt.  An op e n sy ste m  is not isolate d .  T h e  railroad -sw itc h ing  
e nv ironm e nt is an op e n sy ste m .  As su c h , it c om p rise s a se t of e le m e nts form ing  a c onne c te d  w h ole  w h ic h  is 
not a b ou nd e d , se ale d  e ntity .  In oth e r w ord s, th e  se t is not d e m arc ate d  to c onsist of a finite  (h e nc e , 
p re d ic tab le  or k now ab le ) nu m b e r of inte rac ting  e le m e nts.  In th e  op e n railroad  sy ste m , b e c au se  of late r-
oc c u rring , v ary ing  nu m b e rs of ofte n-u np re d ic tab le , im p ing ing  c ond itions, a final state  c annot b e  p re d e te rm ine d  
b y  initial c ond itions, say , a train's c onsist, tonnag e , au th oriz e d  sp e e d s, trac k  oc c u p anc y  au th ority , and  
c re w m e m b e r e x p e rie nc e .  T h u s, a p artic u lar final state  c an b e  re ac h e d  from  d iffe re nt initial c ond itions, and  th e  
sam e  initial c ond itions c an re su lt in d iffe re nt final state s.      
  
The Sw itching Tasks, an O v erv iew  
Many  v ariab ly  se q u e ntially  inte rac ting  and  sim u ltane ou s task s c om p rom ise  a c re w m e m b e r's situ ational 
aw are ne ss w h ile  on th e  g rou nd  sw itc h ing .  A c re w m e m b e r re sp ond s to m any  c u e s, som e  g ross, som e  su b tle , 
and  som e  for w h ic h  h e  m ig h t not b e  fu lly  or at all aw are .  

S w itc h ing  task s inc lu d e  re ad ing  and  c om p re h e nd ing  a sw itc h  list (of c ars to b e  m ov e d  to a p artic u lar 
loc ation); g iv ing  and  re c e iv ing  m anu al sig nals b y  h and , lante rn, and  fu se e  (flare ); g iv ing  and  re c e iv ing  v oic e -
rad io sig nals; m onitoring  v oic e -rad io traffic  to h e lp  m aintain situ ational aw are ne ss; h ang ing  on to th e  sid e  of 
rolling  e q u ip m e nt; c lim b ing  on and  d ism ou nting  from  su c h  e q u ip m e nt; ap p ly ing  and  re le asing  c ar h and  
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b rak e s; alig ning  trac k  sw itc h e s and  d e rails; k ic k ing  c ars; d rop p ing  c ars; rid ing  c ars to a c ou p ling ; re ad ing  c ar 
id e ntify ing  le tte rs and  nu m b e rs; ju d g ing  th e  sp e e d  and  c losing  d istanc e  of c ars to b e  c ou p le d  to oth e r c ars, 
ofte n w h ile  rid ing  on th e  sid e  of th e  le ad  c ar of a m ov e m e nt; ob se rv ing  c lose  c le aranc e s and  ob stac le s su c h  
as sw itc h  stand s, rails, g ate s, and  w alls; safe g u ard ing  p e d e strians and  au tom otiv e  v e h ic le s in th e  v ic inity ; 
h and ling  h az ard ou s load s; k now ing  th e  loc ation of oth e r c re w m e m b e rs and  oth e r im p ac te d  railroad e rs; 
th ink ing  ab ou t p artic u lar c h e ss-lik e  m ov e s in th e  e ffic ie nt sw itc h ing  of c ars; th ink ing  ab ou t an ov e rall sc h e d u le  
for th e  d ay 's w ork  to b e  d one ; asse ssing  m ov e m e nts of oth e r e ng ine s, road  trains, oc c asional nonre v e nu e  
e q u ip m e nt su c h  as road w ay  v e h ic le s on flang e d  w h e e ls, and  fou ling  ru b b e r-tire d  v e h ic le s; alw ay s th ink ing  
ab ou t task s w ith  re fe re nc e  to th e  c om p le x  c od e  of railroad  op e rating  ru le s; at rare  tim e s, b e ing  th e  p e rson on 
th e  sc e ne  w h o h as to atte nd  to an inju re d  or k ille d  h u m an, e m p loy e e  or oth e r; and  w alk ing  and  stand ing  in 
th e  d y nam ic , op e n sw itc h ing  e nv ironm e nt.  W h e n no y ard m aste r is on d u ty  in a y ard , a c ond u c tor or e ng ine  
fore m an e ng ag e d  in sw itc h ing  m ig h t also w ork  as a footb oard  y ard m aste r.  T h e n, h e  m u st d ire c t, oth e r 
m ov e m e nts su c h  as trains and  e ng ine s, inc lu d ing  th e ir rail traffic  c ontrol, e nte ring , le av ing , or p e rform ing  
w ork  in th at y ard , as w e ll as m onitor th e  v oic e -rad io for any  p rob le m s.  W h e n a Re m ote  Control Z one  is 
e stab lish e d , h e  m u st also p rov id e  p rote c tion for or re sp e c t th at z one .  

S w itc h ing  task s of one  ind iv id u al m ig h t b e  d e p e nd e nt on th e  ac tions of anoth e r p e rson on th e  sam e  c re w , on 
a d iffe re nt c re w , or of a railroad  e m p loy e e  not on any  c re w , or, p e rh ap s, of a nonrailroad e r, e .g ., a "c iv ilian" 
w av ing  h is arm s v iole ntly  ne ar th e  trac k s, falling  ac ross a trac k , or fou ling  a trac k  w ith  h is v e h ic le .  T h u s an 
op e rator's e rror re su lting  in an ac c id e nt or ne ar m iss c ou ld  b e , in w h ole  or in p art, from  an e rror of 
c om m ission, om ission, or e x trane ou sne ss or a v iolation b y  anoth e r ind iv id u al or te am .  Ac c ord ing ly , for e v e ry  
c ase , an analy st c annot sim p ly  d e c om p ose  an ac c id e nt or ne ar m iss into th e  ac tions and  HMIs of a sing le  
railroad  e m p loy e e .  T h e  ac tions m ig h t b e  d e p e nd e nt u p on th e  ac tions of anoth e r or oth e rs.  D e p e nd e nc y  
c ou ld  also b e  c onsid e re d  as an asp e c t of th e  op e n e nv ironm e nt of railroad  op e rations.   

H uman Interaction w ith Tasks and Physical E nv ironment
(T h is su b se c tion b e ne fits from  d isc u ssions w ith  nu c le ar e ng ine e rs w h o h av e  asse sse d  p ow e r p lant and  oth e r 
nu c le ar re ac tors.) 

F or sw itc h ing  w ork , th e  p ote ntial e v e nts c ou ld  b e  c onsid e re d  rand om ly  or alm ost rand om ly  oc c u rring .  
Rand om ne ss is from  th e  h u g e  rang e  of h u m an inte rac tions w ith  th e  m any  ab ov e  sing le  task  and  
e nv ironm e ntal v ariab le s and  w ith  th e  inte rfac ing  c om b inations am ong  th e se  v ariab le s.  Ac c ord ing ly , w ith  th e se  
d y nam ic ally  c om b inativ e  v ariab le s as initiating  e v e nts for a sw itc h ing  e rror, no ov e rall stru c tu re  for p ote ntial 
e v e nts in th e  rail w orld  c an b e  re ad ily  asc e rtaine d  to u se  in th e  c alc u lation of p rob ab ilitie s of h u m an e rror and  
d e p e nd e nc ie s re late d  to an e rror. 

In c om p arison, w h e n stu d y ing  h u m an e rror and  c onse q u e nt risk  re g ard ing  w ork  w ith  nu c le ar p ow e r p lants, w e  
find  th e  p h y sic al e nv ironm e nt is one  of a se c u re d , se q u e ste re d , h ig h ly  m anag e d  and  c ontrolle d , and  
ind u strially  h y g ie nic  se tting .  More ov e r, m any  p ossib le  op e rator e rrors and  ru le  b e nd ing s and  b re ak ing s in 
p e rform anc e  of task s are  “loc k e d  ou t” in th e  d e sig n of th e  h u m an-m ac h ine  inte rfac e  and  also re c ord e d .  F or 
nu c le ar re ac tors, th e  nu m b e r of c om b inations am ong  h u m an task s and  p h y sic al e nv ironm e ntal fac tors is far 
m ore  lim ite d  th an for sw itc h ing .  Conse q u e ntly , th e  nu m b e r of p ote ntial k ind s of e rror-p rod u c ing  e v e nts from  
p e rform ing  h u m an task s and  inte rac tion w ith  th e  p h y sic al e nv ironm e nt are  far m ore  lim ite d  th an for sw itc h ing .   

A railroad e r note s:  “I am  c ontinu ally  c h alle ng e d  w h e n it c om e s to ap p ly ing  m ath e m atic al m od e ls to p re d ic t 
p rob ab ility  for h u m an e rror in th e  railroad  ind u stry . T h e  v ariab le s fou nd  in th e  railroad  w ork  are  too v ariab le  to 
g iv e  m e  c onfid e nc e  in a re su lt b ase d  on m ath e m atic s. I c an se e  w h e re  p lu g g ing  a nu m b e r in som e w h e re  
along  th e  e q u ation to ac c ou nt for th e se  u nc e rtaintie s m ay  ad d re ss th e  c onc e rn. K now ing  w h e re  and  w h e n to 
p u t th e  nu m b e r in th e  e q u ation is im p ortant to av oid  sk e w ing  th e  re su lt. T h e  d y nam ic  railroad  e nv ironm e nt 
d oe s not le nd  itse lf to th e  te c h niq u e s u se d  in oth e r ind u strie s.” 

A railroad e r c om m e nts on th e  ne c e ssary  loc al v ariations of sw itc h ing  p rac tic e s b e c au se  of p artic u lar loc al 
c h arac te ristic s:  "W ith  b oth  e nd s of th e  y ard  a 1%  d ow n g rad e , k ic k ing  c ars in th at y ard  m e ant re v v ing  u p  and  
g e tting  a c u t u p  to 15  m p h , and  th e n m ay b e  th e  c ars w ou ld  c le ar in th e  trac k .  O f c ou rse , th e y  w e re  ju st as 
lik e ly  to c om e  rig h t b ac k  at y ou  at th e  sam e  sp e e d  u nle ss tie d  d ow n w ith  g ood  h and b rak e s. Afte r k ic k ing  one  
c ar, y ou  alw ay s h ad  to p u ll forw ard  b e c au se  of th e  g rad e ." 
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S im ilarly , an RCO  re p orts:  "T h e  RCL  ac c id e nt h ad  e v e ry th ing  to d o w ith  th e  m ore  su b tle  asp e c ts of c ar 
h and ling  lik e  w h ic h  trac k s d o y ou  h av e  to w atc h  c lose ly  b e c au se  th e  c ars w ill c om e  b ac k  at y ou . I alw ay s p oint 
ou t th e se  sorts of d ang e rs to th e  stu d e nts b u t th e n th e y  g iv e  y ou  th at g lassy  e y e d  look  th at te lls y ou  th e y  w on't 
re m e m b e r any th ing  in th e  m orning ."  (An RCO , re m ote  c ontrol op e rator, is a sw itc h m an, b rak e m an, c ond u c tor, 
or loc om otiv e  e ng ine e r w h o op e rate s a re m ote  c ontrol loc om otiv e , RCL , v ia p roc e ssor-m e d iate d  c od e d  d ig ital 
rad io sig nals from  a re m ote  c ontrol d e v ic e  m ou nte d  on h is/h e r b od y .)   

A railroad e r re p orts re g ard ing  an RCL  roll ou t of c ars:  "[J ob  d e sig nation and  loc ation] stru c k  tw o c ars th at h ad  
rolle d  ou t of an ad jac e nt trac k .  Afte r sh ov ing  a c u t into T rac k  [1] to a sp ot on th e  w e st e nd , th e  c re w  c u t off 
fou r e x c e ss c ars and  se t th e m  to T rac k  [6 ].  W h ile  p u lling  ou t of T rac k  [6 ] w ith  th e  lig h t e ng ine , c re w  w as rid ing  
on re ar p latform  and  d id  not se e  th at th e  c ars th e y  h ad  le ft in T rac k  [1] h ad  rolle d  ou t.   T h e  RCL  stru c k  th e  tw o 
c ars w h ile  m ov ing  at an e stim ate d  sp e e d  of 8  MP H, d e railing  th e  rob ot and  th e  tw o c ars." 

In all, railroad  sw itc h ing  c onsists of a larg e  nu m b e r of fre q u e nt c og nitiv e  and  m anu al ac tiv e  inte rv e ntions in th e  
p e rsonally  life -c ritic al, op e rationally  safe ty -c ritic al w ork  p roc e ss.  T h e  inte rv e ntions are  not p assiv e  m onitoring  
as fre q u e ntly  d one  in larg e -sc ale , au tom ate d  p roc e ss ind u strie s (c f. Moray  19 9 7 :19 44-19 49 ; S h arit 19 9 7 :316 -
317 ).  More ov e r, rail sw itc h ing  inte rv e ntions are  u su ally  c onting e nt u p on and  h av e  c onse q u e nc e  for sim ilar 
inte rv e ntions of oth e rs.    

The E v er-Present Potential for Railroad Catastrophe Including in Sw itching
Am e ric a's railroad  ind u stry  c onstitu te s a h ig h ly  d isp e rse d , p ote ntially  c atastrop h ic  w ork site , w ith  re sp e c t to its 
m ov e m e nt of trains and  e ng ine s and  th e  sw itc h ing  of rail c ars.  T h is line ar w ork site  b ranc h e s for 16 9 ,0 0 0  m ile s 
ac ross forty -nine  state s, and  p ie rc e s th rou g h  th e  h e art of m ost c om m u nitie s of any  siz e .  O p e rating  
c re w m e m b e rs d ire c tly  p e rform  th e  p ote ntially  c atastrop h ic  w ork  on railroad s.  (Catastrop h e  is as c onv e ntionally  
d e fine d  b y  th e  risk -asse ssm e nt u se  of th e  fe d e ral MIL -S T D -8 8 2) 
  
Re g ard ing  th e  h arm fu l re su lts of railroad  c atastrop h e , th e  U.S . G e ne ral Ac c ou nting  offic e  re p orts, "th ou sand s 
of p e op le  are  e v ac u ate d  from  th e ir h om e s as a re su lt of th e  h az ard ou s m ate rials th at are  re le ase d  d u ring  train 
ac c id e nts" (US G AO  19 9 7 :3).  Be tw e e n 19 7 8  and  19 9 5 , ab ou t 26 1,0 0 0  p e rsons w e re  e v ac u ate d  from  th e ir 
h om e s, nationw id e , b e c au se  of re le ase s of rail-re late d  h az ard ou s m ate rials. "Conc e rns re m ain ab ou t 
e v ac u ations b e c au se  th e  v olu m e  of c h e m ic al traffic  inc re ase d  b y  ov e r one -th ird  from  19 7 6  to 19 9 5 ," th e  G AO  
c onc lu d e s (US G AO  19 9 7 :4, 36 ).  As Railw ay  Ag e  e d itor J oh n Arm strong  w rite s re g ard ing  th e  issu e  of safe ty  
on railroad s:  "th e re 's alw ay s a 'k noc k  on w ood ' re aliz ation th at a c om b ination of e v e nts and  c irc u m stanc e s c an 
le ad  to a w re c k  of p rop ortions su ffic ie nt to tarnish  th e  b e st of re c ord s" (19 8 2:32).  J oh n's e x p e rie nc e  le d  h im  to 
say  th at rail ac c id e nts c om e  from  a c om b ination of e v e nts sou rc e , p e rsonal d isc u ssions). 

T h e  w ork  of op e rating  c re w m e m b e rs is safe ty  c ritic al and  inv olv e s m e ntal and  m anu al re sp onsib ilitie s and  
task s for th e  m aste ring  and  safe g u ard ing  of m ov e m e nts on trac k  of rolling  e q u ip m e nt h av ing  g re at k ine tic  
e ne rg y .  T h e  m ov e m e nts, alth ou g h  ind e e d  p ote ntially  c atastrop h ic , are  only  rare ly  d isastrou s b e c au se  of th e se  
c re w m e m b e rs' p rop e r p e rform ing  of task s and  p rop e r fu lfilling  of re sp onsib ilitie s on th e  job .  At its c ore , su c h  
safe ty -c ritic al p e rform ing  and  fu lfilling  d e p e nd s u p on le arne d  and  m aintaine d  ju d g m e nts and  sk ills.  Maintaining  
th e  e x p e rie nc e -b ase d  ju d g m e nt and  sk ills for op e rating  c re w s fu rth e r le sse ns, alw ay s-u nac c e p tab le , 
c atastrop h ic  risk , th e re b y  p rote c ting  railroad e r and  p u b lic  h e alth  and  safe ty .   

4
 W e  c ou ld  g o on w ith  e x am p le s. P e rh ap s th e  follow ing  su m s th e  issu e  of p h antom  c re w m e m b e r.  A nu m b e r of 

RCO s re p ort th e  RCL  is e x ac tly  th at, a loc om otiv e  re m ote ly  rad io-c ontrolle d  b y  an RCO --from  any  loc ation.  
RCL  op e rations, th e n, are  not fu lly  au tom ate d , i. e ., h and le d  e ntire ly  b y  th e  O CC.  Ac c ord ing ly , an RCL  
m ov e m e nt c an e x c e e d  th e  d e sig n c ap ac ity  of its ind e p e nd e nt b rak e s to stop  in a safe  d istanc e .  S top p ing  
d istanc e  is, of c ou rse , re lativ e  to th e  v ariab le s of tonnag e  h and le d , g rad ie nt, sp e e d , rolling  re sistanc e , nu m b e r 
of op e rab le  e ng ine  b rak e s, and  ad h e sion q u ality  of th e  b all of th e  rails.  An RCO ’s training , e x p e rie nc e , and  
c onse q u e nt ju d g m e nt re g ard ing  th e se  v ariab le s is th e  h u m an safe g u ard  for p re v e nting  su c h  an u nstop p ab le  
m ov e m e nt.   

As CAN AC w rote  re g ard ing  a ru naw ay  RCL  m ov e m e nt at Ag inc ou rt Y ard  on th e  Canad ian P ac ific :  "T h e re  are  
c le arly  som e  m isu nd e rstand ing s ab ou t th e  L CS  [RCL ] sy ste m , and  th e y  sh ou ld  b e  re c tifie d  as soon as 
p ossib le .” Ad d itionally , “F u rth e rm ore , th e  L CS  Unit w as ne v e r d e sig ne d  as a rob otic  au tom aton b u t as a 
Re m ote ly  Controlle d  L oc om otiv e . T h e  L CS  [RC] O p e rator is still u ltim ate ly  re sp onsib le  for th e  c onsist 



11 

                                                                                                                                                   
m ov e m e nt."   T h u s, “Hav ing  d e m and e d  a fu ll 10 0 %  Ind e p e nd e nt Brak e  ou tp u t, th e  MCU [O CC] c ou ld  d o no 
m ore .” CAN AC c onc lu d e d :  "T h e re fore , th e  G rad e  F orc e  e x c e e d e d  th e  av ailab le  Brak e  and  Rolling  Re sistanc e  
F orc e s" (CAN AC 19 9 6  ).  An RCO  c om m e nts:  "I d on't lik e  w h at th is te c h nolog y  d oe s to th e  w ork  e nv ironm e nt.  
I d isag re e  w ith  th e  b asic  assu m p tion th at th e  c om p u te r ad e q u ate ly  tak e s ov e r all th e  sk ill d e c isions."   

S im ilarly , an RCO  re p orts, a P rim ary  RCO  on an RCL  p u lle d  a long , h e av y  c u t in a b u sy  y ard  and  m isju d g e d  
th e  stop p ing  d istanc e  of th e  c u t.  T h e  RCO  th e re b y  fou le d  a le ad  on w h ic h  rolling  e q u ip m e nt w as m ov ing  and  
c ollid e d  w ith  a c ar.  He re , w h at c ou ld  h av e  b e e n a m ore  c om m on ne ar m iss b e c am e  an ac c id e nt, ow ing  to an 
e rror of c om m ission.  As w ith  th e  Ag inc ou rt ac c id e nt, W as th is e rror e ntire ly  th at of th e  RCO  or also of a 
p e rson or p e rsons on a h ig h e r org aniz ational or e x tra-org aniz ational le v e l?   W as a p h antom  c re w m e m b e r 
inv olv e d ?   

In oth e r w ord s, as an RCO  say s:  An RCL  is not lik e  tod ay 's fu lly  au tom ate d  e le v ator, w h ic h  w as, in th e  p ast, 
m anne d  b y  an e le v ator op e rator.   

T h at is, th e  RCO  c annot sim p ly  m anip u late  a c ontrol on th e  O CU and  le av e  th e  m ov e m e nt and  its safe ty  for 
som e  p e riod  to th e  O CC.  An RCO  h as c ontinu ou s re sp onsib ility  for th e  c ontinu ou s inform e d , safe  e x e c u tion 
of op e rating  task s w ith  h is RCL .  


