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Abstract. Prediction of pilot error is key of human-machine interface design in
the cockpit, and is also an effective way on the reduction of accident ratio
caused by human error. CREAM (Cognitive Reliability and Error Analysis Me-
thod) has been chosen to build the predictive probability model of pilot error
based on investigation of various methods. The pilot error model built can be
used not only to analysis the reason of accident but predict the error probability
in particular scene. The model is validated through the experiment that pilots
read the altitude during flight in different visibilities and time limits. The CPC
(common performance conditions) including cockpit design, crew communica-
tion and other environment such as weather condition is always analyzed and
calculated during the whole task analysis and then the reason of pilot error can
be discovered qualitatively. The results are important for cockpit design to
improve the airplane safety.

Keywords: pilot error, CREAM, error probability prediction, human-machine
interface, cockpit design.

1 Introduction

Human error during flight is an inaccuracy decision or action which influences system
performance or efficiency even safety. The researcher and engineer always use the
following models to analysis the human error such as SHEL[1], Reason[2, 3],
HFACSI[4, 5], CREAM][6,7,8,9,10] and MEDA([S5]. The methods all have their advan-
tages and disadvantages. CREAM as the typical second generation human reliability
analysis method considers the error probability can be controlled by the ability of
people controlling the situation. The model emphasizes the human performance is not
a isolated random action but depends on the task condition or the environment. The
task condition can determine the human response through influencing the human cog-
nitive mode and the following effects in different cognitive situations. CREAM can
not only analysis the reason of accident but predict the error probability in particular
scene. The paper analysis the pilot error probability during approach and landing
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based on CREAM. The causation of error is also be analyzed. The method is vali-
dated by the experiment in the pilot simulator.

2 Error Probability Predictive Method Based on CREAM

The essence of CREAM is used to predict the error probability. for the purpose, First,
analyze the people's task and the actual effect of the action, and then the basic
CFP(cognitive failure probability) can be calculated, the final predictive error proba-
bility can be got by the analyzing the CPC(common performance condition) which
can revise the basic CFP.

CREAM divide the cognitive action as observe, interpret, plan and execute, and
every group has some failure modes. the cognitive action includes coordinate, com-
munication, comparison, diagnose, evaluation, execution, maintain, monitor, ob-
serve, plan, record, adjustment, glance, inspection. And different cognitive action has
its own cognitive performance. For CREAM the responding relation of the two is
shown in table 1, and the basic CFP is shown in table 2.

Table 1. Cognitive activity and corresponding cognitive function

cognitive function

activity
observe interpret plan execute
coordinate \ \
communication \
compare \
diagnose S S
evaluate \ \
execute \
identification \
maintain \ \
monitor \ \
observe \
plan \
record \ \
adjust \ J
scan \

examine \ S




298 X. Zhang et al.

Table 2. Basic failure probability of cognitive failure mode

Cognitive failure mode Basic value

function

observe 01 Observable object error 0.001
02 wrong recognize 0.07
03 no observe action 0.07

interpret 11 fail to diagnose 0.2
12 decision error 0.01
13 delay to interpret 0.01

plan P1 wrong priority 0.01
P2 inappropriate plan 0.01

execute E1 wrong execution mode 0.003
E2 wrong execution time 0.003
E3 wrong execution object 0.005
E4 wrong execution sequence 0.003
ES5 execution omission 0.03

CREAM has 9 CPC factors and everyone has its own three level, which affects the
human performance as improving, inducing, and inapparent. Table 3 is the basic
weight value of CFP.

P=1-ﬂ (1- CFP) (1)

i=1

Where, CFP,eyiseq = CFPp,icx> weight.
CFPyc is the basic value of CFP in table 2, and ) weight is the product of all
weight coefficient of CPC in table 3.

Table 3. CPC and its influence for reliability

Impact of human Weight factor of cognitive function

No. CPC level o
reliability observe interpret plan execute
Highly effective ~ improve 1.0 1.0 0.8 0.8
Perfectness effective non- significant 1.0 1.0 1.0 1.0
1 of organiza-
tion ineffective lower 1.0 1.0 1.2 1.2
Bad effect lower 1.0 1.0 1.2 1.2
superior improve 0.8 0.8 1.0 0.8
Working . o
2 . matching non- significant 1.0 1.0 1.0 1.0
condition

mismatching lower 2.0 2.0 1.0 2.0
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Table 3. (continued)
support improve 0.5 1.0 1.0 0.5
Perfectness
of HMIand  &eneral non-significant 1.0 1.0 1.0 1.0
operation tolerable lower 1.0 1.0 1.0 1.0
support
inadaptation lower 5.0 1.0 1.0 5.0
Availability ~ appropriate improve 0.8 1.0 0.5 0.8
of
accept non-significant 1.0 1.0 1.0 1.0
plan/procedur
e inappropriate lower 2.0 1.0 5.0 2.0
less than .
. improve 1.0 1.0 1.0 1.0
capability
The number
. Match with o
of simultane- . non-significant 1.0 1.0 1.0 1.0
. capability
ous objects
more than
. lower 2.0 1.0 5.0 2.0
capability
enough improve 0.5 0.5 0.5 0.5
. insufficient
Available ] non-significant 1.0 1.0 1.0 1.0
time temporarily
insufficient
lower 5.0 5.0 5.0 5.0
always
Daytime L
. non-significant 1.0 1.0 1.0 1.0
(adjust)
Working time
Nighttime
. lower 1.2 1.2 1.2 1.2
(non-adjust)
sufficient,
. improve 0.8 0.5 0.5 0.8
experienced
sufficient of sufficient,
training andy; iog non-significant 1.0 1.0 1.0 1.0
experience L
experience
insufficient lower 2.0 5.0 5.0 2.0
Highly effective ~ improve 0.5 0.5 0.5 0.5
Cooperation e fecyive non-significant 1.0 1.0 1.0 1.0
of the whole
team ineffective non-significant 1.0 1.0 1.0 1.0
Bad effect lower 2.0 2.0 2.0 5.0
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3 Experiment

Experiment Settings. Experiment scene is assumed that an airplane of single engine
landings under low visible condition and depends on the instrument to complete the task.

First group is a relative perfect CPC, and the altitude panel is digital, and the re-
sponse time is not limited.
Second group models pilot has inadequate time to response, other conditions are the
same as the first group.

Third group models pilot has inadequate time to response, and the interface is not
so matching for pilot, which is the same as the first group.

The response time and the accuracy of the objects are both recorded.

The experiment is executed in man-machine-environment lab and the lighting,
humidity, temperature and so on are all as usual.

The testees are all students who have sufficient train for the task; everyone will be
tested 20 times.

Experiment Results. The experiment results are recorded as shown in table 4.

Table 4. The record data of experiment

. Correct action by . .
No. Altimeter (m) X accuracy Reaction time(ms)
axtion testee
810 g g 1 3338
430 g g 1 979
Group one =—————————
190 e e 1 1172
830 g e 0 3806
Error probability 0.0278 RT 1435.628ms Over time 0
810 g g 1 3338
430 g g 1 979
Group two =———————
190 e e 1 1172
830 g e 0 3806
Error probability 0.0367 RT 1053.306ms Over time 2
810 g g 1 3338
430 g g 1 979
Group three =———————
190 e e 1 1172
830 g e 0 3806

Error probability 0.0778 RT 1159.611ms Over time 3
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The predictive error probability based on CREAM. For the CREAM method, the
cognitive process of testee is simplified as four actions that are shown in figure 1.

execute

scan | compare with q plan
. el >
altimeter standard

A 4

Fig. 1. The procedure of pilot reading altimeter

As mentioned before, there are four steps to calculate the predictive probability.

1. the CPC level and the weight coefficient

For the first experiment group, the conditions are all effective. The CPC level and
the weight coefficients are shown in table 5.

Table 5. CPC and weight factor of first group

Impact for human Weight factor
CPC level .
reliability observe interpret ~ Plan  execute
Perfectness of organization Highly effective improve L0 L0 08 038
Working condition superior improve 0.8 0.8 1.0 0.8
Perfectness of HMI and 1mprove 05 Lo 1.0 0.5
. support
operation support
Availability of . improve 0.8 1.0 0.5 0.8
appropriate
plan/procedure
The number of simultane- improve 1.0 1.0 1.0 1.0
. less than capability
ous objects
Available time enough improve 0.5 05 05 05
Working time daytime (adjust)  Non-significant 1.0 1.0 1.0 1.0
sufficient of training and sufficient, o 1.0 Lo 1.0 1.0
. L. . Non-significant
experience limited experience
Cooperation of the whole . . . 0.5 0.5 0.5 0.5
Highly effective improve
team

The second group has almost the same CPC as the first group except the time limit;
the third group has also not so good man-machine matching comparing with the
second group. The weight coefficients should be revised accordingly.
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2. identify the most possible cognitive failure mode
To find the most possible cognitive failure, we should analyze the cognitive se-

quence.

First, during the pilot scanning the altitude panel, the most possible failure is “in-
dentify error’;
Second, during the compared process, the most possible failure is “diagnose error”;
Third, when the altitude has been gotten the most possible failure is “inappropriate

plan”;

The last one is the testee does the action as he planned, so the most possible failure
is “motion error”.
3. the predictive failure probability
For the three groups the CFP,.;.q are shown in table 6 to table 8.

Table 6. The calculated result of group one

. o Cognitive Failure Basic .
Sequence Cognitive activity . Weight CFP
function mode value

scan scan observe 02 0.07 0.08 0.0056
compare compare interpret 11 0.02 0.2 0.004

plan plan plan P2 0.01 0.1 0.001
execute execute execute El 0.003 0.064 0.000192

Table 7. The calculated result of group two
Cognitive Cognitive . . .
Sequence . . Failure mode Basic value Weight CFP
activity function

scan scan observe 02 0.07 0.16 0.0112
compare compare interpret 11 0.02 0.4 0.008

plan plan plan P2 0.01 0.2 0.002
execute execute execute El 0.003 0.128 0.000384

Table 8. The calculated result of group three
Cognitive Cognitive Failure Basic .
Sequence . . Weight CFP
activity function mode value

scan scan observe 02 0.07 0.32 0.0224
compare compare interpret 11 0.02 0.4 0.008

plan plan plan P2 0.01 0.2 0.002
execute execute execute El 0.003 0.256 0.000768

We can use the equation (1) to calculate the error probability as follows:

4
P1=1-[ [ (1-CFP)=0.010758

i=1
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4
P2=1-[ [ (1- CFP) = 0.021448087

i=1

4
P3=1-[ [ (1-CFP)=0.032904

i=1
So the different error probability under three different CPC is 0.01, 0.02, and 0.03.
4  Discussion

The experiment results and the calculated data are both shown in table 9.

Table 9. Comparison result

group Calculated experiment
one 0.0108 0.0278
two 0.0214 0.0367

three 0.0329 0.0778

The calculation result is on the rise that is the same as the experiment result in the
three different CPC. But the two also have differences. The exact value is not so ac-
cordant. The experiment data is greater than calculated value and the experiment data
of group three increased sharply compared with group two. The two differences of
result are analyzed as: 1) in the experiment the pilot manipulating the gear is substi-
tuted as key-press which may decrease the difficult of execution; 2) cognitive failure
mode is discrete with CREAM, but in fact the condition which influences the human
operation is not discrete. For example, for this experiment condition, in the “sufficient
of training and experience” condition, the impact for the cognitive mode maybe is
between “non-significant” and “lower” according to the testee level; 3) for the most
possible cognitive failure mode choose, CREAM can only choose one, but sometimes
there is definitely two choices. When subject chooses the different one there is a dif-
ferent result.

5 Optimized Suggestions

Although the CREAM has some shortages, the method is also meaningful for the
purpose to decrease human error and keep security. The CREAM used in this research
is not for the quantitive probability but to find the weakness of human-machine-
environment during the analysis and evaluation procedure and improve the system
reliability.

There are also some advices for the use of CREAM: 1) to find the most possible
failure mode, the researcher should consider the capability of human itself. For differ-
ent person there is a different performance; 2) the method which can make the



304 X. Zhang et al.

“Impact for human reliability” and “weight factor” consecutive should be researched
and developed.
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