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Analysis method

Data processing

Pearson Correlation was used to test the correlation between each set of experimental data and their average value,
and the correlation between each average value.

Wilks’Lambda was used to test the significance between each set of data of the pupil diameter.

All analyses were completed using the SPSS 18.0 (IBM Corporation, Chicago, USA).

Sensitivity, diagnosticity and intrusiveness

Sensitivity is the capability of a technique to discriminate significant variations in the workload imposed by a task or
group of tasks.

Diagnosticity is capability of a technique to discriminate the amount of workload imposed on different operator
capacities or resources (e.g., perceptual versus central processing versus motor resource).

Intrusiveness is the tendency for a technique to cause degradations in ongoing primary task performance.

DATA PROCESSING

 Results of data process

The correlations between average value of all the measurement indictors from all participants of the same task and
the pupil diameter of each participant were analyzed by Person Correlation. The analysis results are shown in Table
2. 

The correlations between the pupil diameter average value from all participants of the same task and the pupil
diameter  of  each  participant  are  all  high (p<0.05).   At  the same time,  the correlations  between  the subjective
evaluation  average  value  from  all  participants  of  the  same  task  and  the  subjective  evaluation  value  of  each
participant  are  all  high ( p<0.05).  The correlations between other  sets of data and their  average value are low
(p>0.05).

Table 2 Analysis of correlations between each set of data and their average value

subject1 subject2 subject3 subject4 subject5 subject6 subject7 subject8 Subject9 subject10

LF
Pearson

Correlation
.663 -- .271 -.210 .324 .048 -.061 -- .862** --

Sig. .073 -- .516 .618 .433 .910 .885 -- .006 --

HF
Pearson

Correlation
.368 -- .418 .313 .434 .174 -.085 -- .757* --

Sig. .370 -- .302 .450 .283 .680 .842 -- .030 --

LF/HF
Pearson

Correlation
.595 -- .266 .732* .235 .382 .768* -- .588 --

Sig. .120 -- .525 .039 .575 .351 .026 -- .125 --

SDNN
Pearson

Correlation
.775* -- .416 .741* -.160 .399 .053 -- .170 --
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subject1 subject2 subject3 subject4 subject5 subject6 subject7 subject8 Subject9 subject10

Sig. .024 -- .305 .035 .706 .328 .901 -- .688 --

RMSSD
Pearson

Correlation
.510 -- .864** .819* .731* .697 .798* -- .233 --

Sig. .197 -- .006 .013 .039 .055 .018 -- .579 --

PNN50
Pearson

Correlation
.705 -- .894** .468 .417 .471 .013 -- .319 --

Sig. .051 -- .003 .242 .304 .238 .976 -- .441 --

Pulse
Pearson

Correlation
.054 -- .430 .716* .383 -.344 -.199 -- .634 --

Sig. .898 -- .287 .046 .349 .404 .637 -- .092 --

pupil diameter
Pearson

Correlation
-- -- -.840** .984** .945** .988** .892** .980** .742* .938**

Sig. -- -- .009 .000 .000 .000 .003 .000 .035 .001

HRV-

-index

Pearson
Correlation

.872** .871** .761* .333 .771* .626 .530 -- -.048 --

Sig. .005 .005 .028 .420 .025 .097 .176 -- .910 --

subjective
evaluation

Pearson
Correlation

.789* .941** .590 .737 .646 .708 .482 .789* .789* .767*

       Sig. .035 .002 .163 .059 .117 .075 .273 .035 .035 .044

**. Correlation is significant at the 0.01 level (2-tailed); *. Correlation is significant at the 0.05 level (2-tailed);
Blanks with transverse line in the table is due to absence of data

Analysis of correlations between each set of average value and subjective evaluation

Subjective  evaluation  was  used  to  measure  workload  mostly,  which  can  be  used  as  the  test  basis  of  other
measurement indictor. The correlations between pupil diameter and other measurement indictors were presented by
Pearson correlation, shown in Table 3. The correlation between pupil diameter and subjective evaluation is high
(p<0.1). The correlation between other sets of data and subjective evaluation is low (p>0.1).

Table 3 Correlations analysis between each set of average value and subjective evaluation

Pupil diameter LF HF LF/HF SDNN RMSSD PNN50 Pulse

subjective
evaluation

Pearson
Correlation

.669 -.042 .253 -.488 -.401 .048 .162 -.105

Sig. .070 .921 .546 .220 .325 .910 .701 .804

N 8 8 8 8 8 8 8 8

*. Correlation is significant at the 0.05 level (2-tailed).

**. Correlation is significant at the 0.01 level (2-tailed).
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Analysis of significance between each set of data of the pupil diameter

The significance between each set of data of the pupil diameter are high (p<0.05), shown in Table4.Difference is
significant between sets of data in pupil diameter experiment; pupil data variance is insignificant from person to
person.

Table 4 Significance analysis between each set of data of the pupil diameter

 Multivariate Testsb

Effect Value F Hypothesis df Error df Sig.

test Wilks' Lambda .012 23.865a 7.000 2.000 .041

                                                            a. Exact statistic; b. Design: Intercept Within Subjects Design: test

Subjective rating evaluation of decomposition tasks

The tasks divided from the three sets experiments are measured by subjective evaluation, the evaluation results are
shown in Fig.4. Task 1, task2, task3, task4, and task5 belong to perception task; task 6, task 7, task 8, and task 9
belong to cognition task;  task 10 belongs to  responding task. From the results,  the task load of  dynamic data
perception task, dynamic data cognition task, and responding task are higher than other tasks. 

task1: visual  (cross); task2: visual (number); task3: visual (static number); task4: visual (dynamic number); task5:
Auditory (letter);  task6: cognition (position);  task7: cognition (number);  task8: cognition (fixed number);  task9:
cognition (changing number); task10: responding (press letter);

Fig.4 The subjective evaluation results of ten subtasks

Sensitivity, diagnosticity and intrusiveness

In subjective rating evaluation of decomposition tasks, the mean data of task load is 0.88, standard deviation is 0.36.
There are significant differences between different tasks with the subjective evaluation. There are sensitivity and
diagnosticity with the pupil diameter measurement and subjective evaluation. And there is no intrusiveness with
those task load measurement method with the subjective rating from participants, and the experimental results from
with pupillometer and non-equipment.
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CONCLUSION

In this study, three sets of experiments were designed based on the multi-resource model information processing
stage (Perception, cognition, responding) and simple flight operation procedure. Pearson Correlation was used to test
the correlation between each set of experimental data and their average value, and the correlation between each
average value, for finding the most efficient method to measure basis flight operation task units and perception task,
cognition task, responding task divided from flight operation task. 

The correlations between the pupil diameter average value from all participants of the same task and the pupil
diameter  of  each  participant  are  all  high.  At  the same time,  the correlations between the subjective evaluation
average value from all participants of the same task and the subjective evaluation value of each participant are all
high. So the average value of pupil diameter and subjective evaluation can be used to descript the change trend of
different experiments. 

There is a strong correlation between pupil diameter and the subjective evaluation. The significance between each
set of data of the pupil diameter is high. Difference is significant between sets of data in pupil diameter experiment;
pupil data variance is insignificant from person to person. The pupil diameter and subjective evaluation can also be
used as the data basis used to the quantitative analysis of task load. 

By conducting the analysis of the correlation between the measurement data of the pupil diameter and the subjective
evaluation value, it can be found that the subjective evaluation method can be used for the basis operation load
measurement which cannot be measured by designing the experiment content.

There are sensitivity, diagnosticity and non-intrusiveness in the task load measurement by the pupil diameter and
subjective assessment.

DISCUSSION

The ECG indicators  can reaction mental  load changes perfectly in many researches of mental  load, but in this
experiment, it didn’t work. The main reason is that the experimental time was shortened to reduce the affect caused
by fatigue accumulated over time. The time that the ECG indicators reach steady with the tasks change is long, So
ECG indicators couldn’t reflect the change of physiological indicators with the task change in this research.

The paper was aimed to find a method to measure basis task load from many measurement  methods. And the
ultimate purpose of the research is to measure the load of the basis task and its subtasks (perception, cognition,
operation) by variety measurement  methods.  In order to measure the task load, not the workload, we need to
eliminate human factor in experiment, fatigue, experience, mood, and so on. So we control the experimental time,
training time, experimental environment, and the subjective evaluation instruction.
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