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Abstract. Today the electronic visual display terminal (VDT) plays an indis-
pensable role in people’s life, so the visual performance of VDT is very
important. In order to evaluate the visual performance of VDT from the per-
spective of user experience more accurately and reliably, we synthesize three
kinds of commonly used visual performance assessment techniques, i.e. main
task measure method, physiology measure method and subjective evaluate
method, and establish a system to evaluate the visual performance of VDT. We
use pseudo-text letter search task as the main task, analyze and extract suitable
evaluation indicators, and calculate the weight of these evaluation indicators by
the entropy method. At last, a qualification visual performance evaluation value
of each VDT is got. The experimental result shows that this evaluation value is
consistent with the subjective score in general. The evaluation system is com-
bined with present main evaluation methods of visual performance and utilizes
their advantages. The evaluation result can be quantified more directly and
clearly. It provides a reference for the visual performance evaluation from the
perspective of user experience.

Keywords: Visual performance � VDT � Visual fatigue � Synthetic evaluation �
Letter search

1 Introduction

Electronic visual display terminal (VDT) plays an indispensable role in people’s life in
this ever-changing electronic age. Computers, mobile phones and tablets are filled with
people’s life and change our way of life. Therefore, the visual performance of VDT has
become a research hotspot and focus in recent years [1–3]. There are a lot of methods to
evaluate the visual performance of VDT, but the most commonly used methods are
optical methods which are difficult to implement, more importantly, the optical evalu-
ation methods can not reflect the real feeling of users completely. VDT visual
performance can be evaluated from multiple dimensions, the characteristics of
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multidimensional determine the diversity of its measuring method. Four kinds of
measurement methods are relatively common and mature at present: 1) main task
measure method; 2) auxiliary task measure method; 3) physiology measure method; 4)
subjective evaluate method. Every evaluation method has its advantages and limitations.
Although these methods are contribute to the evaluation of VDT visual performance, but
they can’t completely meet the requirements of product design for visual performance.
Therefore we put forward a synthetic evaluation method for VDT visual performance
based on user experience [4], it synthesizes three kinds of assessment techniques, i.e.
main task measure method, physiology measure method and subjective evaluate
method. Then identify weight of each evaluation method by entropy method and a
synthetic evaluation value of test VDT could be got. The evaluation system is combined
with present main evaluation methods of visual performance and utilizes their advan-
tages, make visual performance evaluation results more accurate and intuitive.

2 Method

2.1 Main Task Measure Method

Main task measure method evaluate VDT visual performance by the performance of
main task.

Letter search task is used as main task in this paper. This method was first
developed and tested by researchers Jacques and Martin [5, 6] of the center research on
user-system interaction, they evaluated the search performance of people with VDT
and paper respectively. In this paper, we evaluated search performance of people with
two different VDT. This method was detailed in ISO_9241-304 [7].

Pseudo-text letter search task. The total number of characters in a pseudo-text is
450, embedded spaces included in our experiment, this text consist of 10 lines and 45
characters per line (including space characters every line). Characters include the
capital letters, the lowercase letters and numbers 0-9, and the text contain 15 % space.
Every pseudo-text has a target letter make up about 2-3 percent of the total characters
and display pseudo-text as a block of characters in one of five screen locations (top-left,
top-right, bottom-left, bottom-right or in the center). The test participant’s task is to
scan the text and identify each instance of the target letter. A trail will be initiated while
the test participant press ‘ENTER’ key, test participant scan the pseudo-text from the
top to the bottom line and press the space bar while they find out a target character. Use
‘ENTER’ key to stop the trial in the end. The test participant should take a minimum
break of 10 s between trails. The program will record all experiment data, include the
duration of each experiment, the number of target letter in every pseudo-text and the
number of the test participant searched. Every test participant should do 15-20 trails on
each VDT and make sure a rest of 30 min before trials on next VDT. We will tell the
test participant that we are testing the VDT and not them, so they should ensure search
accuracy firstly. It means that if the visual quality of the display under test has dete-
riorated in comparison to a previous one you have to work slower, but if it has
improved in comparison to a previous one you have to work faster.
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Below is a sample of pseudo-text used in the experiment (Fig. 1):

2.2 Physiology Measure Method

Physiology measure method evaluate VDT visual performance by visual fatigue of the
test participant in our experiment. Using VDT for a long time, the eyes will appear visual
fatigue phenomenon, the visual discomfort problems includes eye pain, eye redness, dry
eyes, bloodshot eyes, headache and so on [8–10]. The degree of visual fatigue caused by
VDT is inversely proportional to the VDT visual performance. Therefore, measure the
degree of visual fatigue caused by VDT is a very intuitive and effective way to evaluate
VDT visual performance. Many physiological indicators can be used to measure the
visual fatigue caused by VDT, such as critical fusion frequency (CFF), blink rate, near
point accommodation (NPA), electroencephalogram (EEG) and so on.

The near point of the eye is certain under normal circumstances, is about 5 to 10 m,
and this number will get larger while visual fatigue exists, so the changes of near point
distance can reflect the degree of visual fatigue.

When visual stimulation intermittent rather than continuous action, with the
increase of frequency, flashing phenomenon disappear and people no longer feel flash
but a completely stable continuous light, this phenomenon is called flicker fusion, and
the minimum frequency that flicker disappear is called critical fusion frequency (CFF).
CFF decreased while visual fatigue exists, therefore the changes of CFF can reflect the
degree of visual fatigue.

CFF was selected as the evaluation index of physiology measure method in our
experiment. Iwasaki and Akiya [11] reported that the decrease of CFF can reflect the
degree of retinal deterioration caused by visual fatigue and a decline in the activity of
the retina or the optic nerve. The experiment results of Murata [12, 13] show that while
engage in the same job, the CFF of VDT worker is dropped significantly compare with
non-VDT worker. Therefore, CFF can reflect visual fatigue degree more accurately.

2.3 Subjective Evaluate Method

Subjective evaluate method is mainly based on the questionnaire survey, ask the test
participants to rate the VDT visual performance rely on subjective feeling. Subjective

Fig. 1. A sample of pseudo-text

32 W. Liu et al.



evaluate method is easy to operate and does not affect the experiment compare to
objective evaluate method. The defect is it is easy to influence by personal experience
and preferences of the test participant, the measurement result is not very accurate, and
that is why we propose a synthetic evaluation method.

We use a nine-point numerical scale in our research. After completion of the trials
with the test VDT, ask the test participant to rate the visual performance of that VDT on
the nine-point numerical scale. With 1 being “Poor” and 9 being “Excellent”.

Below is the nine-point numerical scale we used (Table 1):

3 Evaluation Indicators

The trial shall be regard as invalid trial from statistical treatment if the error rate
E > 10 %, it shows that number of missed or extra targets is too large in this trial.

Error rate, E, is defined as:

E ¼ T0 � Tcj j
T0

� 100%

Where,
T0 is the total number of target characters in the page of pseudo-text shown to the

test participant;
Tc is the total number of target characters counted by the test participant.

3.1 Average Search Speed

We use average search speed as the evaluation index in main task measurement
method. From the registered search time, Ti, corresponding to the valid trials
(E < 10 %), the performance measure of a test participant, the average search speed, v,
measured in characters/s, is calculated by:

v ¼ nt � nc �
Xnt

i¼1

Ti

" #�1

Where,
nt is the number of valid trials for that test participant;
nc is the total number of characters in a pseudo-text, is 450 in current experiment

(including embedded spaces).

Table 1. Nine-point numerical scale

1 2 3 4 5 6 7 8 9

Poor Fair Excellent
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3.2 The Rate of Change of CFF

Use the rate of change of CFF, h, as the evaluation index in physiology measure
method.

h, is defined as:

h ¼ f2 � f1
f1

Where,
f1 is the CFF of the test participant before trail on test VDT
f2 is the CFF of the test participant complete trails on test VDT

3.3 Subjective Ratings, s

The subjective ratings, s, is get from nine-point numerical scale.

4 The Determination of Weights and Synthetic
Evaluation Values

We use the entropy weight method [14, 15] to count weight of every evaluation
indicators while calculate the synthetic evaluation values of VDT visual performance.

Entropy was first introduced to information theory by Shannon, and it is widely
used in engineering technology, social economy and other fields. The basic concept of
entropy weight method is to determine the objective weight according to the size of the
index variability. Generally speaking, the smaller the information entropy, the greater
the index variability, and the greater the role in the synthetic evaluation.

The steps of determine weight by entropy weight method are:

1. Data normalization

Dealt with the data with normalization. Assume k indicators ðX1;X2; . . .;XkÞ are
given, where, Xi ¼ X1;X2; . . .;Xnf g, ðY1; Y2; . . .; YkÞ are the normalized data,

Yij ¼ Xij � minðXiÞ
max Xið Þ �minðXiÞ ; if j is a positive index

Yij ¼ Xij � minðXiÞ
max Xið Þ �minðXiÞ ; if j is a negative index

2. Calculate the information entropy of each indicators

According to the definition of information entropy in information theory, the
information entropy of a set of data is Ej,
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Ej ¼ �lnðnÞ�1
Xn

i¼1

pijlnpij

Where,

pij ¼ Yij=
Xn

i¼1

Yij

If pij ¼ 0, define lim
pij!0

pijlnpij ¼ 0

3. Determine the index weight

The information entropy of each index are ðE1;E2; . . .;EkÞ, And the weight of
index, ai, is defined as below:

ai ¼ 1� Ei

k �P
Ei

i ¼ 1; 2; . . .; kð Þ

The synthetic evaluation values of VDT A is Xa:

Xa ¼ a1 �
Pn

i¼1 vi
n

þ a2 �
Pn

i¼1 hi
n

þ a3 �
Pn

i¼1 si
n

Where, n is the total number of test participants.
The synthetic evaluation value of VDT B can be got in the same way.
The higher the synthetic evaluation value, the better the VDT visual performance.

5 Experiment

5.1 Test Participants

Test participants should be a sample representing the anticipated user population. The
test participants are 20 college students aged 20 to 30 with normal visual acuity or
corrected to normal in our experiment. And they have no any obvious physical or
physiological conditions that could influence either their search performance or the
quality of the images that they perceive.

5.2 Experimental Apparatus

• An experimental procedure written in Java. It can record the basic information of
the test participant and generate pseudo-text and display the pseudo-text as a block
of characters in one of five screen locations (top-left, top-right, bottom-left,
bottom-right or in the center) automatically and randomly. It also record the number
of target characters counted by the test participant and calculate the error rate.
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• A flicker fusion frequency meter produced by APTECH, the model is BD-II-118. Its
flash frequency rage 4.0 Hz to 60.0 Hz, and the measurement error is less than
0.1 Hz. We use red light and set the background light strength to 1/16 grade. Turn
light intensity to 1/8 gear, and turn light-black ratio to 1:1 gear.

• A nine-point numerical scale

5.3 Test VDT

Two laptop produced by different company are selected as test VDT. They have the
same screen size, recommended screen resolution and similar price.

5.4 Experimental Procedure

Led test participants to the test area after they sign an experimental knowledge book. Give
them an experiment instruction which described the whole process of the experiment, the
operation steps and points for attention in detail. Then the host show the test participants
the usage of test procedure. In order to overcome the problem of initial learning effects,
train the test participants before themain experiment by performing the task for at least 10
pseudo-texts (i.e. 5 trials) and take tenminutes rest. The test VDT are namedA and B.We
first measure the CFF of test participant before the trail, then test participant do the main
task on A VDT, measure the CFF after the trails, ask the test participant to assess the
perceptual performance of the VDT with respect to its visual comfort. Allow the test
participant a rest break of up to half an hour before the same procedure on B VDT. The
total experiment end after 20 participants finish all procedures.

6 Experimental Result

We get the following result after we use the entropy method to analyze all of data:
The weight of three indicators ðaA1; aA2; aA3Þ are 0:38643; 0:256261; 0:357305ð Þ,

and the average of 20 sets of data ð�vA; �hA;�sAÞ are ð9:101795;�0:0368; 7:466667Þ, then
we can get the synthetic evaluation values of A, XA, is:

XA ¼ aA1 � �vA þ aA2 � �hA þ aA3 � �sA
¼ 6:1756688

The weight of three indicators ðaB1; aB2; aB3Þ are 0:35252; 0:380385; 0:267096ð Þ,
and the average of 20 sets of data ð�vB; �hB;�sBÞ are ð8:851186; 0:05024; 5:666667Þ, then
we can get the synthetic evaluation values of B, XB, is:

XB ¼ aB1 � �vB þ aB2 � �hB þ aB3 � �sB
¼ 4:614646

36 W. Liu et al.



We can see that the statistics of A are better than the statistics of B with the mean
value of three indicators. The synthetic evaluation value of A and B are 6.175688 and
4.614646, VDT A has the better visual performance than VDT B, and this is consistent
with the user’s subjective feeling. The result shows that synthetic evaluation method
not only reflects the visual performance difference between different VDT, but also
avoids the one-sidedness of single evaluation method, it combines with the advantages
of several evaluation methods and makes the result more reliable.

7 Discussion and Prospection

The synthetic evaluation method proposed by this article can provides guidance for
assessing the visual ergonomics of display technologies with user performance test
methods, but different from the optical test method, this synthetic evaluation method is
simple, applicable to different types of VDT, combines objective with subjective and
makes the evaluation results more reliable. However, there are some obstacle when we
try to analyze the factors that cause this visual performance difference, this synthetic
evaluation method can’t get the specific parameters as the optical experimental
methods. Therefore, this synthetic evaluation method has some limitation, it is more
suitable for the monitoring step for the VDT visual performance in the later stages, and
the optical test method is more suitable for the development and test stages. Therefore,
our next work is analyze the physical factors of test VDT rely on the optical experiment
method given in ISO 9241-30 and ISO 9241-307.
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