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a b s t r a c t

This study explores the effects of cognitive ability (information seeking, inference, spatial recognition,
attention span, and attention allocation) and cognitive style (active-reflective, sensing-intuitive, visual-
verbal, and sequential-global) on task performance of simulated spaceflight emergency operations that
require judgment and operation on a Chinese spaceflight instrument board and the possible interaction
effect with training experience. The performance criteria included task completion time and number of
human errors. It was found that inference ability, spatial recognition ability, and attention span had
significant effects on task completion time, while attention allocation ability had significant effect on the
number of error. The participants with a sequential cognitive style made significantly fewer errors than
those with a global cognitive style. Training experience significantly decreased task completion time. The
participants with sequential cognitive style learnt faster than those with global cognitive style in the
spaceflight instrument operations. With increasing training experience, the predictive capability of
cognitive ability on performance decreased, whereas the predictive capability of the sequential-global
cognitive style on performance increased.

© 2016 Elsevier B.V. All rights reserved.
1. Introduction

Spaceflight exploration and human activities in space have been
increasingly garnering interest worldwide. Safety is extremely
important for completing spaceflight mission successfully. Since
humans are difficult to be controlled (Li, 2011) and error-prone, no
matter the spaceflight is under normal conditions or emergency
situations, human error is a significant issue. Once a human error
occurs or an emergency has not been solved within the prescribed
time period, mission could fail even cause catastrophic accidents
(Nelson, 1999).

Traditionally, there are mainly four ways to improve human
reliability. First, it is more emphasized on designing aerospace
system interfaces, equipment, and operation procedures to make
them with higher usability and more user-friendly for humans,
even to prevent human error or be robust to human errors
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(Seastrom et al., 2004; Zhang et al., 2011). Second, from the aspect
of organization and administration, human error can be reduced by
establishing proper management systems and operation specifi-
cations. Third, training programs provide opportunities to develop
humans’ potential, improve certain abilities and enhance perfor-
mance. For example, the training program developed by the
German Aerospace Research Establishment covers communication
and cooperation, stress management, coping with operational de-
mands, effective problem solving in groups, and problem-oriented
team supervision (Manzey and Schiewe, 1992). At last, the persons
who are themost likely to be competent for spaceflight mission can
be selected by measuring their individual characteristics such as
cognition, emotion, motivation, empathy psychomotor ability, etc.

The particular interest of this study relates to the latter two
ways. Traditionally, training programs and selection criteria are
developedmainly based on operation experience and knowledge of
domain experts. The effects of specific individual characteristics on
performance has never been studied systematically and verified
sufficiently. The question is raised that what individual character-
istics are more crucial to spaceflight safety, especially under
emergency situations. That is quite important for establishing the
weights of selection indices and the priorities of training contents.
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The answer of this question would be of great help to improve the
existing personnel selection and training standard, and for astro-
nauts to build skills and obtain experience more effectively.

People tend to be easier to notice the individual differences in
physical appearance rather than the differences in their cognitive
ability and cognitive style. Nevertheless, it is the latter largely
influencing people's thinking, feeling, learning and behaviour.
Studies have shown that cognitive ability and cognitive style can
predict learning outcomes (Jonassen and Grabowski, 1993;
Ackerman, 2007; Komarraju et al., 2011) and job performance
(Hollnagel, 1998; Schmidt and Hunter, 1998; Hough and Furnham,
2003; Poropat, 2009), and are significantly related to the compre-
hension of domain information generated from a process model
(Recker et al., 2014). It was found that cognitive ability significantly
impacts diagnostic performance (Burkolter et al., 2009a) and sys-
tem control performance (Burkolter et al., 2009b) in a simulated
cabin air management system, firefighters' performance in extin-
guishing fires (Henderson, 2010), and human performance in nu-
clear power plants (Zhang et al., 2013). Ovaskainen and Heikkil€a
(2007) explored the cognitive abilities of the timber harvester op-
erators and suggested that abilities including comprehensive
perception, wide use of memory functions, non-verbal deduction,
spatial perception, coordination, concentration and motivation
should be evaluated when selecting new harvester operators.

The role of cognitive style has also been conducted in various
domains, such as management, industry, and education (Cassidy,
2004; Dong et al., 2008). For example, thorough understanding of
users' cognitive search strategies could provide valuable insights to
website and search engine developers (Thatcher, 2006). Users'
cognitive searching behaviour was found to be related to their
cognitive styles (Hariri et al., 2014). Index of Learning Styles (ILS)
proposed by Felder and Silverman (1988) is widely used to test
individual's cognitive style. It classifies people into one category or
the other in each of the following four dimensions: active-
reflective, sensing-intuitive, visual-verbal and sequential-global.
The four dimensions reflect an individual's speed and accuracy of
making a decision under uncertainty, preference type of informa-
tion perception, pattern of information representation, and strategy
for information processing, respectively. Moreover, it has been
found that when the task environments match the cognitive style,
individuals perform better in problem-solving measures (Katz,
1990), information recall and use (Sprehn et al., 2013), and aca-
demic achievement (Kolb, 2014; Dunn et al., 2002). Torenvliet et al.
(2000) examined the interaction between cognitive style and type
of interface, and found that the participants with holist cognitive
style using an interface with ecological interface design (EID) per-
formed best. Rau et al. (2004) suggested that appropriate interfaces
should be designed to accommodate users with different cognitive
styles to enhance human performancewhen using computer. It was
generally accepted that cognitive style and the matching of cogni-
tive style with task environment influenced task performance and
outcomes.

A growing body of research supports that cognitive ability and
cognitive/decision-making style are likely to play a vital role in
spaceflight mission success, particularly in emergency situations
(Collins, 1985; Manzey et al., 1995; Morphew, 2001; Musson et al.,
2004; Dion, 2004; Musson and Helmreich, 2005; Kanas et al.,
2009). However, there is not a systematic study to examine the
relative importance of different cognitive ability aspects and
cognitive styles in spaceflight emergency operations yet. The aim
of our study is to examine the relationship between various as-
pects of cognitive ability/cognitive style and instrument board
operation performance under emergency situations as well as the
potential interaction effect of training and cognitive ability or
cognitive style.
2. Methods

2.1. Participants

This study recruited 30 male students who were studying
aeronautical and astronautical engineering at Tsinghua University.
Right-handed and no experience of instrument operation were
required. Three participants did not finish the entire experimental
process. The results in this study are based on data from 27 students
aged from 20 to 26 (mean: 23.2; SD: 1.45) with the height from
165 cm to 175 cm. The participants were required to have slept well
and ensure alcohol was not consumed one day before the experi-
ment. The participants were informed about the details of the
experimental protocol and voluntarily signed informed consent
forms before the experiment proceeded. Prior to data collection,
the participants provided their basic demographic information.

2.2. Experimental platform

This studywas conducted in an astronaut training room in China
Astronaut Research and Training Centre. The roomwas a simulated
spacecraft environment which is the same as a real spacecraft. The
experimental platform was an instrument board in this astronaut
training room. The spaceflight process, which includes normal
flight, autonomous emergency return and escape from flight, can
all be simulated in this platform. The platform provides instrument
information display and event notifications. It can also simulate a
variety of spacecraft fault states. With the setting function, the
training process can be well controlled, such as setting up or
removing a failure. More importantly, the actions of the partici-
pants on the station can be recorded by the system automatically in
real time. The components involved in this experiment included
two monitors, two control panel units, two cabin wall units, and a
portable control unit. The two monitors were used to present the
parameters/statuses of 12 spacecraft subsystems. Because there
were somany parameters/statuses, the parameters/statuses of each
subsystem had to be presented on 1 to 3 pages with words and
numbers.

The sketch of the experimental platform is shown in Fig. 1,
where white boxes represent small dial plates and displays not
used in this study. Because of confidential consideration, a real
picture of the experimental platform is not allowed to be presented
here.

2.3. Experimental task

The experimental task was to execute emergency operation
procedures on the instrument board under nine simulated mal-
function conditions. They were separation malfunction, monitor
display malfunction, electrical power malfunction, GNC (guidance,
navigation and control) systemmalfunction, environmental control
system malfunction A (total pressure), propulsion system mal-
function, thermal control system malfunction, environmental
control system malfunction B (oxygen partial pressure), and
comprehensive malfunction. For each emergency operation, paper-
based operation procedures were provided to the participants as
shown in Fig. 2(a). The participants were asked to observe the
spacecraft information from the monitors, find the subsystem page
involved, view the state of the required components, and operate 8
different types of buttons/switches distributed on the manual
control panel units, cabin wall units or portable unit.

2.4. Experimental procedure

Fig. 3 summarizes the entire experimental procedure. Before the



Fig. 1. Illustration of the experimental platform.

Fig. 2. Schematic diagram of experimental task.
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formal experiment, a pilot study was conducted to verify the ra-
tionality of the experiment process and the reliability of the
experimental platform. Two volunteers were recruited from China
astronaut centre. They were asked to go through every single step
of the formal experiment. Then, a week before the formal experi-
ment, each participant read the experiment introduction and
signed a consent form. Training for the participants and
experimenters and testing of the participants’ characteristics were
also conducted. During the formal experiment, there were three
training phases, namely, initial training, repeated training, and
training examination. At each training phase, the participants had
to finish all nine emergency operations thrice. The time interval
among these three training phases was one week. The experi-
mental procedure was approved by an institutional review board.



Fig. 3. Experimental procedure. (T-1m: one month before phase I; T-1w: one week before phase I; T1w: one week after phase I; T2w: two weeks after phase I).
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2.5. Independent variables

2.5.1. Cognitive ability
Cognitive ability refers to the ability of a human brain to extract,

process, and store information, which is the basis of learning,
thinking, inferring, and knowing the world for an individual
(Jonassen and Grabowski, 1993). For a spaceflight mission, different
aspects of cognitive ability are required. First, information seeking
ability is required to find the involved system status or parameters.
Second, inference ability is needed to make judgments and develop
hypotheses about system failure. It has been found that reasoning
and perceptual ability of aircraft pilots are significantly correlated
with different levels of flight performance (Boehm-Davis et al.,
1997). Third, an instrument board operator requires spatial ability
in order to form a virtual map of instrument board with different
kinds of switches, buttons, valves and composite keys. It has been
found that spatial ability is positively correlated with navigation
performance (Rodes and Gugerty, 2012), visual performance (Chen
and Terrence, 2008; Chen, 2010; Chen and Barnes, 2012), and
manual rendezvous and docking performance (Liu et al., 2013;
Wang et al., 2014). Roger et al. (2009) indicated that users' spatial
abilities should be taken into account when designing a pedestrian
navigation assistance system. At last, attention is a kind of cognitive
resource (Posner and Petersen, 1989) and is required for all kinds of
task. The ability of attention control and allocation affects multi-
tasking performance (Goonetilleke and Luximon, 2010; Chen and
Barnes, 2012). In a word, cognitive ability can be considered as
one of the best predictors of different types of task performance
(Hunter and Hunter, 1984; Schmidt and Hunter, 1998; Schmidt,
2002).

As shown in Fig. 2 (b), the main cognitive activities involved in
our experimental tasks included detecting failure, finding display
pages of system information, viewing system status or parameters,
making judgments, and searching, locating and operating switches/
buttons/valves/composite keys. According to these cognitive ac-
tivities, information seeking ability, inference ability, spatial
recognition ability, attention span, and attention allocation ability
were identified to be possibly influencing the task process. These
five cognitive abilities were measured using DXC-W. The DXC-W
was developed by the Fourth Military Medical University in China
based on the US Air Force Officer Qualifying Test (AFOQT; Carretta
and Ree, 1996), US Army Aviation Selection Test, US Air Force
Basic Attributes Testing System (BAT; Carretta, 1987), European
Space Agency Selection Test, Psychological Test of Russian Gagarin
Training Centre, and the Chinese Air Force Pilot Selection Test. It
includes 32 tests of cognitive abilities and 22 tests of personality
traits. This instrument could be a generalized tool to measure basic
cognitive abilities (Luo and Hu, 2006) and was used in several
studies such as Zhang et al. (2009) and Liu et al. (2008).

In this study, the test of digit search (Zhang et al., 2009; Liu et al.,
2008) was used to assess information seeking ability. The test of
rule finding (Luo and Hu, 2006; Zhang et al., 2009) was used to
assess inference ability. The test of comparing simulated scales (Luo
and Hu, 2006; Liu et al., 2008; Zhang et al., 2009) was used to test
spatial recognition ability. Attention span (Liu et al., 2008) and the
multi-tasking attention allocation ability were also tested. The
details about these cognitive ability tests are described in Table 1.
The cognitive test scores were determined by accuracy and time
spent, i.e., the higher the accuracy in unit time is, the higher the
cognitive test score is. Overall score of cognitive ability is defined as
the mean of these five sub-scales.

2.5.2. Cognitive style
Cognitive style refers to an individual's preferred unique pattern

to perceive and process information (such as collect and organize,
analyse and evaluate, think and understand, memory and represent
information), make decision and solve problem (Kogan, 1973;
Witkin et al., 1977; Messick, 1984; Tennant, 1988; Hunt et al.,
1989; Riding and Cheema, 1991; Jonassen and Grabowski, 1993;
van Den Broeck et al., 2003). In the present study, cognitive style
was tested by the Felder-Soloman Index of Learning Styles (ILS).
Felder and Spurlin (2005) reviewed several published analyses and
suggested that this instrument might be reliable, valid and suitable.
This test consists of 44 questions and assesses cognitive style from
four dimensions, which are active-reflective, sensing-intuitive,
visual-verbal and sequential-global. Each dimension is associated
with 11 items. Each item has two options (a or b). Using sequential-
global as an example, the score is obtained from the number of ‘a’
responses subtracted from the number of ‘b’ responses. The result is
an odd number between �11 and þ11. A negative score indicates
that the individual is an individual with sequential cognitive style.
Otherwise, he/she is with global cognitive style. Furthermore, the
absolute value of the score indicates the extent of being sequential
or global.

2.5.3. Training experience
Training experience had three levels and was defined as 0e2. At

the initial phase, the training experience was defined as 0. At the
repeated phase, it was defined as 1. At the examination phase, it
was defined as 2.

2.6. Dependent variables

Dependent variables included how long a participant took to
accomplish all nine emergency operations in terms of completion
time, and the number of errors that a participant made during the
nine operations. Less time or fewer errors indicates better human
performance.

2.7. Data analysis

Correlation analysis was carried out in the present study since
the independent variables (cognitive ability and cognitive style)
were measured with continuous scores using the testing in-
struments. The reason that we did not divide the participants into
different groups for running ANOVA, non-parametric Friedman, or



Table 1
Tests of cognitive ability.

Cognitive
abilities

Tests Examples

Information
seeking

Digit search: Display 9 numbers from 0 to 9 randomly on the screen every time, please quickly find out which one is not
included and click the corresponding number key as soon as possible on the premise of guarantee correct. 30 questions are
included in total.

Inference Rule finding: Display a Sequence of Number and 5 pairs of Numbers, please quickly find out the permutation law of the
sequence, and choose a pair of Numbers to fill in the blank after the sequence and click the corresponding number key as
soon as possible on the premise of guarantee correct. 26 questions are included in total.

Spatial
recognition

Comparing simulated scales: Two Numbers will be marked on a graduated scale, please according to these Two Numbers to
decide what Number the triangle stands for. Then compare the Triangle Number with the Target Value. If Triangle
Number > Target Value, click 1, if Triangle Number ¼ Target Value, click 2, Triangle Number < Target Value, click 3. 30
questions are included in total.

Attention
span

Display 6 to 15 light spots on the screen every time. Please count the number of these light spots quickly. According to the
Units Digit of the number, click the corresponding number key as soon as possible on the premise of guarantee correct. 30
questions are included in total.

Attention
allocation

Display 4 numbers on the screen every time. Please add them up. At the same time, some light spots will come out. Please
count the number of these light spots quickly. Finally, add the sum of those 4 numbers to the number of light spots.
According to the Units Digit of the answers, click the corresponding number key as soon as possible on the premise of
guarantee correct. 30 questions are included in total.
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Chi-square test was because of the limited sample size (N ¼ 28). In
particular, the balance of sample size between groups could not be
well controlled (as reflected in Table 2) since the participants were
randomly recruited. Furthermore, stepwise linear regression anal-
ysis was used to examine the predictive capability of cognitive
ability and cognitive style on operation performance for each
training phase using a statistical significance at 0.05 level. At last,
hierarchical linearmodel was conducted to examine the interaction
between cognitive characteristics and training experience.
Table 2
Results of the cognitive style tests.

Cognitive style Sample size

Active vs. Reflective Active 6
Reflective 22

Sensing vs. Intuitive Sensing 15
Intuitive 13

Visual vs. Verbal Visual 21
Verbal 7

Sequential vs. Global Sequential 7
Global 21
3. Results

One outlier was found when checking the collected data. The
number of error the participant #3 made in the initial training (i.e.,
18.33) was more than six times of the average (2.75). Thus, the
performance data (including completion time and number of error)
of the participant #3 in the initial training phase was removed. All
results below were based on the data analysis after excluding the
outlier.

3.1. Correlations between individual characteristics and operation
performance

The descriptive statistics of all independent and dependent
variables are shown in Table 3. The average task completion time of
a participant ranged from 290.11 to 883.74 (mean: 504.43; SD:
117.96) and the average number of human error ranged from 0 to
9.83 (mean: 2.55; SD: 2.20). Cognitive ability (overall score) ranged
from 4.26 to 8.50 (mean: 6.57; SD: 1.12). Specifically, information
seeking ability ranged from 1.00 to 9.00 (mean: 5.86; SD: 2.31),
inference ability from 3.00 to 9.00 (mean: 7.51; SD: 1.78), spatial
recognition from 4.10 to 9.00 (mean: 6.52; SD: 1.44), attention span
from 6.40 to 9.00 (mean: 8.75; SD: 0.68) and attention allocation



Table 3
Descriptive statistics.

N Mean SD Min Max

Completion Time (s) 80 504.43 117.96 290.11 883.74
Errors (#) 80 2.55 2.20 0 9.83
Cognitive ability
Information seeking ability (1e9) 27 5.86 2.31 1.00 9.00
Inference ability (1e9) 27 7.51 1.78 3.00 9.00
Spatial recognition (1e9) 27 6.52 1.44 4.10 9.00
Attention span (1e9) 27 8.75 0.68 6.40 9.00
Attention allocation ability (1e9) 27 4.19 1.54 1.40 7.90
Overall score 27 6.57 1.12 4.26 8.50
Cognitive styles
Active-Reflective (�11 to þ11) 27 2.56 3.57 �7 7
Sensing-Intuitive (�11 to þ11) 27 �0.44 4.34 �7 7
Visual-Verbal (�11 to þ11) 27 �3.67 4.61 �11 7
Sequential-Global (�11 to þ11) 27 2.04 3.52 �5 9
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ability from 1.40 to 7.90 (mean: 4.19; SD: 1.54). As to cognitive style,
the score on Active-Reflective dimension ranged from �7 to 7
(mean: 2.56; SD: 3.57), Sensing-Intuitive from �7 to 7
(mean: �0.44; SD: 4.34), Visual-Verbal from �11 to 7
(mean: �3.67; SD: 4.61), and sequential-Global from �5 to 9
(mean: 2.04; SD: 3.52).
3.1.1. Cognitive ability
As shown in Table 4, the overall score of cognitive ability was

significantly correlated with task completion time (rs ¼ �0.276,
p ¼ 0.013). That is, individuals with a high overall score spent less
time than participants with a low overall score. No significant
relationship was found between overall score and number of errors
(rs ¼ �0.183, p ¼ 0.105).

Examination of the sub-scales of cognitive ability (see Table 5)
showed that in particular, sub-scales ‘inference ability’, ‘spatial
recognition’ and ‘attention span’ explained the significant correla-
tions between overall cognitive ability and task completion time.
The participants with high inference ability, spatial recognition or
attention span spent less time than those with low inference ability
(rs ¼�0.262, p¼ 0.019), spatial recognition (rs ¼�0.356, p¼ 0.001)
or attention span (rs ¼ �0.227, p ¼ 0.043). Additionally, the sig-
nificant correlation between attention allocation ability and num-
ber of error was found (rs ¼ �0.267, p ¼ 0.017).
3.1.2. Cognitive style
As shown in Table 4, no significant correlations were found

between the first three dimensions of cognitive style (active-
reflective, sensing-intuitive, visual-verbal) and performance.
Sequential-global cognitive styles was significantly correlated with
the number of errors (rs ¼ 0.264, p¼ 0.018). The participants with a
low score of sequential-global made fewer errors than those with a
high score of sequential-global. That is, the participants with
sequential cognitive style made fewer errors than those with global
cognitive style. There was no significant relationship between
sequential-global cognitive style and completion time (rs ¼ 0.184,
p ¼ 0.102).
Table 4
Pearson correlations between individual characteristics and performance.

Performance measure Overall score of cognitive ability Active-Reflective S

Completion time �0.276* �0.116 0
Number of errors �0.183 �0.117 0

*p < 0.05.
**p < 0.01 (two-tailed).
3.1.3. Training experience
Training experience was significantly correlated with task

completion time (rs ¼ �0.672, p < 0.001), but not with the number
of errors (rs ¼ �0.182, p ¼ 0.106) (see Table 4). That is, training can
significantly increase the operation speed but cannot decrease the
number of errors.

3.2. Performance prediction model

Stepwise linear regression analysis was conducted to establish a
model to predict task completion time with the overall score of
cognitive ability and cognitive style as predictors for each of the
three training phases. As shown in Table 6, at the initial training
when the participants had little experience, overall score of
cognitive ability was a significant predictor of task completion time
(p ¼ 0.012) and accounted for 23.6% of the variance. At the exam-
ination phase, when the participants had more experience after
being trained twice, sequential-global cognitive style was a signif-
icant predictor of task completion time (p ¼ 0.031) and accounted
for 17.3% of the variance.

Similar regression analysis was performed for the number of
errors. As shown in Table 6, at the repeated training, sequential-
global cognitive style was a significant predictor of the number of
errors (p ¼ 0.048) and accounted for 14.7% of the variance in
number of errors.

Since the collinear independent variables were ruled out in the
stepwise linear regression analysis, there were no significant in-
tercorrelations among our performance predictive variables.

3.3. Effect of individual characteristics on the influence of training
experience on performance

A two-level hierarchical linear model was conducted to examine
the effect of individual characteristics on the influence of training
experience on performance. The model is the following:

Level 1 model : Y ¼ p0 þ p1$Exp:þ e

Level 2 model : p0 ¼ b00 þ r0
p1 ¼ b10 þ b11$L1 þ b12$L2 þ b13$L3 þ b14$L4 þ b15$CAþ r1

Note: Exp.eTraining experience; L1eActive-reflective;
L2eSensing-intuitive; L3eVisual-verbal; L4eSequential-global;
CAeoverall score of cognitive ability.

where Y is the performance in terms of completion time or
number of errors; b00 is the general intercept; b10 is the regression
coefficient of the first level variable, namely, training experience;
b11 ~ b15 are regression coefficients of the effect of individual
characteristics on the influence of training experience on perfor-
mance (cross-level interaction); e is the error term on the first level;
and r0 and r1 are the error terms on the second level.

The results are shown in Table 7. The sequential-global score
significantly decreased the influence of training experience on task
completion time (b10¼�100.11, p < 0.001; b14¼ 2.62, p¼ 0.022). As
shown in Fig. 4, compared to individuals with global cognitive style
(i.e., high sequential-global score), the influence of training
ensing-Intuitive Visual-Verbal Sequential-Global Training experience

.015 �0.180 0.184 �0.672**

.072 �0.077 0.264* �0.182



Table 5
Pearson correlations between sub-scales of cognitive ability and performance.

Performance measure Information seeking Inference ability Spatial recognition Attention span Attention allocation

Completion time �0.102 �0.262* �0.356** �0.227* �0.111
Number of errors �0.060 �0.075 �0.186 �0.105 �0.267*

*p < 0.05.
**p < 0.01 (two-tailed).

Table 6
Results of stepwise linear regression analysis.

Training phase Task completion time Number of errors

Predictorsþ B b p R2 Predictorsþ B b p R2

I Overall cognitive ability �42.42 �0.49 0.012 23.6% None
II None Sequential-Global 0.26 0.38 0.048 14.7%
III Sequential-Global 7.66 0.42 0.031 17.3% None

þ Only the significant predictors are listed.

Table 7
Hierarchical linear model results.

Coefficients Performance measures

Completion time Number of errors

b00 506.62** 2.539**

b10 �100.11** �0.468*

b11 0.58 �0.039
b12 0.71 �0.082
b13 1.35 0.003
b14 2.62* �0.052
b15 1.69 �0.066

Fig. 4. The interaction effect of training experience and Sequential-Global cognitive style on task completion time.

D. Pan et al. / International Journal of Industrial Ergonomics 54 (2016) 48e5654
experience on task completion time was greater for those with
sequential cognitive style (i.e., low sequential-global score).
4. Discussion

Researchers have previously found that work performance was
strongly correlated with cognitive ability in different work situa-
tions (Schmidt and Hunter, 1998; Schmidt, 2002). The first major
finding in the present study is that for spaceflight emergency
operations on the instrument board, overall cognitive ability (spe-
cifically inference ability, spatial recognition, and attention span)
was significantly correlated with task completion time, whereas
attention allocation ability and cognitive styles (specifically
sequential-global) were significantly correlated with the number of
human errors. The participants with high cognitive ability spent
less time than those with low cognitive ability, and those with high
attention allocation ability made fewer errors. This result indicates
that when performing tasks with high time pressure, the inference
ability, spatial recognition, attention span and attention allocation
of astronauts are critical to system safety. Thus, these four types of
cognitive abilities should be emphasized when selecting and
training astronauts.

As to cognitive style, individuals with sequential cognitive style
prefer “left-brain” thinking, makes judgement based on mental
reasoning, and focuses on details, whereas those with global
cognitive style prefer “right-brain” thinking, makes judgement
based on feelings, and absorbs information with a global perspec-
tive (Sadler-Smith, 1999; Felder and Spurlin, 2005). The cognitive
activities involved in the experimental task included detecting
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failure, finding information pages, viewing parameters, making
judgments, searching, locating and operating switches/buttons/
valves/composite keys and so on. Meanwhile, these cognitive ac-
tivities were performed step by step based on the paper-based
operation procedures (see Fig. 2(a)). Therefore, the finding that
the participants with sequential cognitive style made fewer errors
than those with global cognitive style in spaceflight instrument
operations is reasonable. This result suggests that operators with
sequential cognitive style might be more appropriate for space-
flight instrument operations. Meanwhile, the participants with
sequential cognitive style learnt faster than those with global
cognitive style in spaceflight instrument operations (See Fig. 4).
Moreover, Tracey et al. (2007) found that the effect of cognitive
ability on work performance is large, particularly for novices. A
similar effect was observed in the present study. When the par-
ticipants had little experience (at the initial phase), overall score of
cognitive ability was a good predictor for completion time of
spaceflight emergency operations and can account for 23.6% of the
variance. However, with the increase of experience, overall score of
cognitive ability was no longer a predictor for completion time. This
conforms to the convergence theory about performance in
Ackerman (1987), which means that those abilities involved were
environmentally determined and all participants could perform at
similar levels with sufficient task practice. However, even with the
increase of practice, the sequential-global cognitive style was a
good predictor of the number of errors (at the repeat phase) ac-
counting for 14.7% of the variance, and also a good predictor of task
completion time (at the examination phase) accounting for 17.3% of
the variance. This result indicates that cognitive styles should be
more emphasized than cognitive ability in astronaut selection.
Astronauts are well trained before real space missions. After well-
trained, cognitive ability may be no longer a significant factor
affecting their performance. However, this does not work for the
influence of cognitive style. Cognitive style is an individual's
preferred unique pattern to perceive and process information,
make decision and solve problem (Jonassen and Grabowski, 1993).
It is relatively more stable for an individual when compared with
cognitive ability. Individuals' cognitive style is difficult to be
changed by training. It can be believed that the effect of cognitive
style on performance may be lasted, even becomes relatively more
significant after the effect of cognitive ability on performance dis-
appeared, despite the variance of human error explained by
cognitive style was small (14.7%) sincemany other factors can cause
human error (Reason, 1990). Therefore, we can recommend that
attention should be given to individuals' cognitive style during
astronaut selection and the effectiveness of training programs for
operators with different cognitive styles.

Humans are flexible. Certain humanpotentials can be developed
and reinforced through proper training. Training is a systematic
approach for an individual or team to acquire knowledge and skills
and improve performance (Patrick, 1992; Aguinis and Kraiger,
2009). The present study shows that training can significantly
decrease task completion time. Training produced better perfor-
mance. Furthermore, the score of sequential-global cognitive style
decreased the effect of training experience on completion time.
This result indicates that training can improve the task completion
time of those with sequential cognitive style more significantly
than those with global cognitive style.

The major limitation of this study was the use of student par-
ticipants because real operators or astronauts were difficult to re-
cruit. In order to decrease the difference between the participants
and astronauts and improve the reliability and validity of our
experiment results, the participants were selected through rigorous
screening. As described in Section 2.1, they were all right-handed,
studying aeronautical and astronautical engineering, aged from
20 to 26, and 165 cme175 cm tall, to ensure that they were ho-
mogeneous and had an understanding and knowledge of space-
flight systems, and in a certain extent to make them conform to the
selection criteria of future astronauts such as load expert and
spacecraft engineer. Anyway, the participants could still somewhat
different from real astronauts. This should be considered in the use
of the findings from this study.

5. Conclusions

In this study, the effects of cognitive ability, cognitive style and
training on human performance of spaceflight emergency opera-
tions were examined. It was found that inference ability, spatial
recognition ability, and attention span significantly reduced task
completion time, while attention allocation ability and sequential-
global cognitive style significantly influenced the number of error.
Meanwhile, training experience significantly reduced task
completion time. Furthermore, the interaction between cognitive
ability/sequential-global cognitive style and training was signifi-
cantly emerged when cognitive ability and cognitive style were
used to predict human performance. The above findings would
improve the understanding of determinants of humanperformance
and help update operator selection and training strategies for
complex, high-risk work environments.
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