
JP03501 72

JAERI -Conf 2003-004

1.12 Research About Reactor Operator's Personality Characteristics And

Pe rf'orma ne

Li Wei, Xuhong He, Bingquan Zhao

Nuclear Power Plant Simulation Training Center,
Institute of Nuclear Energy technology, Tsinghua University, Beijing, 100084 PRC

ABSTRACT. To predict and evaluate the reactor operator's performance by personality

characteristics is an important part of reactor operator safety assessment. Using related

psychological theory combined with the Chinese operator's fact and considering the effect of

environmental factors to personality analysis, paper does the research about the relationships

between reactor operator's performance and personality characteristics, and offers the reference for

operator's selection, using and performance in the future.
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1 Introduction

Human factor has become the most important source of system failure or accidents in NPPs, the
large-scale and complex man-machine-environment system. Therefore, to get correct prediction and
evaluation of operator's performance is very important to reactor safety assessment.

Using personality characteristics to predict, evaluate human performance is always the focus of
psychology research, and has been successfully used in many fields such as personnel selection. We
can carry out research about reactor operator's personality characteristics and performance by using
the results of other fields combined with the operator's fact.

On the other hand, environmental factors should be a remarkable problem in reactor operator's
reliability research. The reason is that human must live and develop in environment. Working
environment can affect the worker's psychology and physiology. If we ignore the effect of
environmental factors to the whole system, we can't completely analyze the man-machine-
environment system to ensure the safety. It's obvious that environmental factors need to be
considered when we do the research about operator's personality characteristics and performance.

2 Personality model

To research the relationships between personality and performance requires a personality model
that can fully reflect the personality of normal humian. The Big Five model has been an ideal choice
because it's a wide and steady personality model.
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2. 1 Definition of 'Big Five model

According to Costa P T and NlcCrae, the Big Five model is a theory stating that personality is
com-posed of five primary dimrensions1 'l.

These are:( I )extraversion,(2)agreeableniess,(3)conscintiousniess, (4)neuroticisrn, and (5 )openess.
This theory was developed using factor-analyses of ratings of the terms people use to describe
personality characteristics.

2.2 Personality of reactor operator

By years of research, we set forth the criteria of operator's psychological characteristics , such
as healthy physique, strong mind, ability to eliminate accident and skillful training. It's necessary
for operator to have high responsibility and moral in dangerous conditions.

We use MMPI (Minnesota Multiphasic Personality Inventory) table and 6PF table to measure 21
Chinese operators' personality.

Dimensions that shall be measured in MMPI table are: L(Lie), F(Frequency), K(Correction),
Hs(Hypochondriasis), D(Depression), Hy(Hysteria), Pd(Psychopathic Deviate), Mf(Masculinity
Femininity), Pa(Paranoia), Pt(Psychasthenia), Sc(Schizophrenia), Ma(Hypomania) and S i(Social
Introversion).

Dimensions in 1 6PF are: A(Warmth),B(Intelligence),C(EmotionaI Stability), E(Dominance).
F(lmpulsiveness), G(Conformity), H(Boldness). (Sensitivity), L(Suspiciousness), M(Imagination).
N(Shrewdness), O(Insecurity), Q I (Radicalism), Q2(Self-Sufficiency), Q3(Self-Discipline) and
Q4(Tension).

3 Evaluation of reactor operator's performance

3.] Classification ofperformance

Formerly performance was limited in the scale of ruled responsibility and task. People recently
have changed this opinion and they think that performance includes not only task performance but
also contextual performance, which is mainly affected by personality factors2 l. They are the same
important. If contextual performance is included in the criteria of performance evaluation, the
impact of personality measure in selection will be well improved.

3.2 Confirmation of reactor operator 's performance

In the past, research about operator's performance aimed at task performance, and ignored
contextual performance. But it has been proved by research that Big Five model can well predict
performance, especially contextual performance. It will affect our research about reactor operator's
performance.

The guideline of operator's performance includes 41 : theory knowledge, working attitude,
response rate, communication ability, and accuracy of decision or reliability of operation. Each of
themn is evaluated by the seasoned operators in NPP, except theory knowledge. They are all
classified into 5 ranks by score.

4 Research about relationships between personality, characteristics and performance

-1. 1 Relationships between Big Five personality and per/obrmance

It's possible to use personality measure n personnel selection because of the use of Big Five
personality model.
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But we should recognize that the effectiveness of Big Five model is different indifferent duty
performance evaluations, even different researchers may get different results when they research the
same duty performance. The result s caused by not only the difference of research methods, but
also the effect of moderator. The prediction effectiveness of personality factor is different in
different working scenes.

4.2 Relationships between reactor operator 's personality characteristics and performance

Measure results of high/low performance quality operators by using MMPI table and 6PF table
are showed in Table and Table2.

Tablel. Means(M), Standard Deviations(SD), and t Values in 16PF for High/Low
Performance QaityOertors

M SD M SD

diesHigh Low High Low t dien High Low High Low t
on perform perform perform perform inperfor perfor perfor perfor

ance ance ance ance mance mance mance mance
A 5. 67 4.89 1. 67 5. 67 o 9 L 4. 58 4. 22 1. 44 2. 05 0.45

B 5. 67 6. 11 1. 44 1. 05 0. 82 M 5. 33 5. 33 1. 72 1. 33 0.01

C 5. 42 6. 00 1. 62 2. 06 0. 70 N 4. 92 4. 67 1. 68 1. 41 0. 40

E 5. 75 5. 56 1. 82 1. 74 0. 25 10 5. 00 4. 44 1. 71 1. 33 0. 84

F 5. 42 6. 44 2. 11 1. 81 .20 Q1 6. 17 5. 44 0. 72 1. 88 I.

G 4. 83 5. 00 0. 72 1. 22 0. 36 Q2 6. 00 4. 89 1. 21 1. 17 :1

H 6 .2 5 6. 44 2. 42 11. 51 0. 23 Q3 6. 58 7. 00 1. 56 1. 80 0. 55

I t4.75 4. 67 1. 36 11. 41 0. 14 Q4 6. 50 6. 44 2. 78 2.5 005

Table2. Means(M), Standard Deviations(SD), and t value in MMPI for high/low
performance quality operators ____________

U SD
dimensi High Low High Low t

ol perfor perfor perfor perfor
mance mance mance mance

L 49. 83 52. 78 10. 53 8. 97 0. 69

F 43. 83 42. 67 5. 88 5. 29 0. 48

K 52. 75 57. 11 9. 22 9. 99 1. 02

Hs 47. 75 46. 56 11. 26 5. 08 0. 33

D 41. 08 44. 67 14. 37 7. 81 0. 73

Hy 45. 75 44. 00 7. 48 9. 25 0. 47

Pd 45. 42 45. 33 7. 13 5. 15 0. 03

Mf 46. 58 46. 89 9. 98 11. 16 0. 07

Pa 44. 17 44. 44 5. 22 8. 15 0. 09

Pt 40. 67 46. 11 10. 46 12. 54 .9

SC 39. 17 44. 67 5. 88 7. 47 

Ma 48. 00 52. 22 9. 98 7. 51

Si 4 2. 25 42. 891 14. 47 15. 5 0. 10
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Table3. Cor relation between Performance Quality and Dimensions of 6PF, M'MPI

dimension r>O. 2 R<-O. 2
16PF AL NQ I SQ2 F

MMPI Hs Pa, Pt, Sc Ma

We compare the 21 operators' performance with the dimensions of 6PF and MMPI, and get the
dimensions that obviously affect the operator's performance (Irl > 0.20). They are showed in Table 3J.
( r is correlation between performance and dimensions of MMPI and 16PF. When r>0, it means
there is positive correlation between operator's performance and this dimension. On the contrary,
r<o means there is negative correlation between performance and the dimension.)

From Table 3, we find that in 6PF measure, there is positive correlation between operator's
performance and such dimensions as A(Warmth), L(Suspiciousness), N(Shrewdness),
QLI(Radicalism) and Q2(Self-Sufficiency). That is to say that the higher the value of operator gets in
these dimensions is, the better he performs. On the other hand, there is negative correlation between
operator's performance and the dimension F(Impulsiveness).

And in MMPI measure, there is positive correlation between operator's performance and the
dimension Hs(Hypochondriasis), and there is negative correlation between performance. and such
dimensions as Pa(Paranoia), Pt(Psychasthenia), Sc(Schizophrenia) and Ma(Hypomania).

We can draw a conclusion that using personality characteristics measure can predict and evaluate
operator's performance in some degree, and can be used as reference in selection and training of
operator.

But we should recognize that we only research operator's individual performance, not including
team effectiveness. But research about team effectiveness is a trend in relationships between
personality and performance. This is what we shall do aftertime.

5 Environmental factors

On the other hand, environmental factors should be considered in research about relationships
between reactor operator's personality characteristics and performance to ensure the safety of man-
machine-environment system.

Working environment may affect reactor operator's psychology and physiology. The
improvement of working environment might increase the operator's activity. It's useful to improve
operator reliability.

The effect of environment to operator's psychology is: (1) to affect psychology by its effect to
physiology. (2) to affect psychology by sense. (3) to affect psychology by conditioned reflex,
imagination and hallucination.

5. 1 Light

Light is very iportant to human. Most information humnan obtains is inputted by light. It's
obvious that light is most important in environmental factors.

Intensity is the main indicator of its effect to human. The formula of human reliability related to
light is described as' 51

K I= I ~a
K, is human reliability related to light, C i the coefficient affected by light (which is different in

the evaluation of different tasks), and L is the intensity of light.
Therefore there is obvious positive correlation between efficiency of operator and light in a

certain scale of light's intensity. Plenty of light should be adapted in operator's working
environment, ncluding natural and artificial light source. We'd better use fluorescent light as
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artifIIallight because itssimilar to sunlight. On the other side, too much intense light may cause
humnan tired and nervous.

5.2 Color

Just as light, color can affect human psychology and physiologyi61 . Color may influence not only
sense, but also heart and incretion.

Color should be rationally used in operator's working environment to realize:
(1) providing comfortable working environment for operator. For example, we can use rational

color modulation to make operator relaxed.
(2) adjusting the light of working environment by using color-.
(3) remitting the fatigue of operator's seeing.
(4) giving operator a caution by using cautionary color.

5.3 Temperature

Variation of temperature and humidity may affect reactor operator quite well.
People who work in high temperature usually feel unwell and even dizzy, and their reaction will

drop off. On the other hand, low temperature can bate flexibility of action and this is also bad for
safety.

Research shows that the best temperature of ideal working environment is from 17C to 230 C.
The efficiency of brain is best in 200 C. If temperature is higher than 35 C, brain is easy to be tired.

The formula of human reliability related to temperature is described as: [51

K 2 =C(t-T)
K2 is human reliability related to temperature, isthe coefficient affected by temperature (which

is different in the evaluation of different tasks), t is temperature, and T is ideal working temperature
(which is often 200 C).

So to keep working temperature within a certain scale can improve operator's performance.

5.4 Noise

Noise is harmful to health. When noise is over 80 dB, heath will be harmed. And when it's over
11I0 dB, great harm will be done to body.

The formula of human reliability related to noise is described as: 5

K 3=1I e_(1OOz) 5 OdB <Z$Z 100 dB
K, is human reliability related to noise, y is the coefficient affected by noise (which is different in

the evaluation of different tasks), and Z is the intensity of noise(dB).
Keeping working place quiet can not only improve operator's performance, but also be useful to

operator's health.
Noise comes from air, machinery and electromagnetism. We should try our best to eliminate

noise.

6 Conclusion

We can use personality characteristics measure to pedict and evaluate reactors operator's
performance. The result can be used as reference for operator's selection and training.

On the other hand, environmental factors can affect operator's psychology and physiology. We
should offer operators comfortable working environment to improve their performance and ensure
safety..
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