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Abstract: This study utilizes information sciences (i.e., neural networks and sixtes) to reduce the burden for investigation of social
sciences. Without loss of generality, the visual realism of pictures is utifizeithe example to illustrate the proposed research flow
chart. Pictures of web pages are important media for conveying nggaafrinformation systems. Visual realism of pictures means the
degree of similarity between pictures and real objects, and is an imptofaatin designing contents of information systems. In this
paper, the neural network and its extension of derivative are applipdrticipants’ preference for visual realism on web pages. This
study includes three parts. In the first part, the participants’ preferfemwisual realism on web pages is experimentally investigated.
The investigation results are recorded, analyzed and discussed.dadied part, we utilize the neural network to model and predict
the investigation results of the first part. With the help of neural networies can model and predict the full investigated results from
only part of the investigated information. In the third part, we develop aat&etwork extension of derivative to predict the increasing
or decreasing trends of investigation data. With the help of neural-ne&xbeksion of derivative, the trends of investigation data can
be predicted without plotting the overall data curves. It should be notédhbaneural network and its extension of derivative share
the same training procedures. No additional training work is required ingbeal-network extension of derivative. The use of neural
network and its extension of derivative will greatly reduce the investigafforts and one can obtain almost the same results as full
investigation. This study will be helpful in understanding, modeling andiptiag participants’ preference for contents of information
systems. Although only specific examples are illustrated in this study, tipeged research flow chart can be applied to many other
problems of questionnaire investigation in social sciences.
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1 Introduction completely represent a real object, i.e., there is no pctur
with perfect realism. In this study, the level of realism is
Due to the rapid spread of internet technologies, Webdeflned to be high as a picture is very similar to the real

; : object, and vice versa. To suitably design contents of web
pages have played important roles in our everyday

X ' . derstanding of participants’ preference foraisu
life [1]. Web pages on internet are important tools of PA9¢S: Un : : : o ,
infor[m]ation sygtegms such a&[ Through tﬁe web pages realism of a picture is required. In general, participants

one can access information all over the world anytime an reference for visual realism of a picture is affected by
- : y heir personal characteristics such as age, education, etc
anywhere. In designing a web page, pictures are ofte

utilized. This is because pictures can help one easil;r/]r his then motivates us to investigate the participants

) ; . preference for visual realism of pictures on web pages.
understand the meanings communicated by displays
screens of information system3-p]. Visual realism for The main goal of this study is to utilize information
pictures of web pages is an important topic in designingsciences (i.e.,neural networks and extensions) to reduce
the content of an information system. The visual realismthe burden for investigation of social sciences. Without
of pictures means the degree of similarity betweenloss of generality, the visual realism of pictures is uétiz
pictures and real object$]| and is a good scale for the as the example to illustrate the proposed research flow
reality of a picture. It is impossible for a picture to chart. In general, the investigation work of participants’
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preference for visual realism is time consuming. Thisdeveloped to predict the trends (e.g., increasing or
motivates us to utilize nonlinear model to predict the decreasing) of investigation data in the first part. The
whole investigation data from only part of the known above three parts are given in Section 2, Section 3 and
investigation data. There have been studies involved irSection 4, respectively. Discussion is given in Section 5.
modelling human behaviors by engineering approacheskinally, the conclusion is given in Section 6.
such as T]. The nonlinear model utilized in this study is
the neural network. Neural networks (NN) have been
widely applied to various research fields, such&sl[]. 2 Experiments and Analyses
In the past decade, we have successfully utilized neural
networks to treat problems of electromagnetic The first part of this study is to experimentally investigate
waves [L2-14]. In addition, we have also successfully participants’ preference for visual realism on web pages.
utilized different extensions of neural networks to treat Investigated data are statistically analyzed, and serve as
problems of antennas (extension of derivativd$, 16]) the database of neural networks. The goal is to understand
and sonar (extension of integrationl7]). A neural  participants’ preference for visual realism on screens of
network is a network composed of many simple information systems. Without loss of generality, five
processors such as units, nodes and neurt®49]. One  pictures of chickens on web pages representing different
can think of the neural network as a block box (i.e., levels of visual realism are utilized to test the particitsan
strongly nonlinear system) that accepts certain inputs an@s given in Fig1-5. The reason why pictures of chickens
produces certain outputs. A neural network can modelare utilized is that pictures of such animals often appear
and predict a nonlinear system as the neural network isn contents for science education of school’s children. The
well trained. Since participants’ preference for visual five testing pictures are explained in the following.
realism on web pages is strongly nonlinear and difficult to 1. Picture A (Figl): This picture denotes "very high” level
analyze, the neural network becomes a good candidate faof visual realism, just as the photo of a real object.
modeling and predicting such a problem. With the help of2. Picture B (Fig2): This picture denotes "high” level of
neural networks, one can model and predict the fullvisual realism. Pictures of this type are usually drawn by
investigated results from only part of the investigated hands or computer software, and are similar to photos of
information. In addition to neural networks, we further real objects in illumination, quality and three-dimensibn
develop a neural-network extension of derivative to shapes.
predict the trends (i.e., increasing or decreasing) of3. Picture C (Fig.3): This picture denotes "middle” level
investigation data. Such a neural-network extension ofof visual realism. Pictures of this type are usually drawn
derivative has been derived and verified in our pastby hands or computer software, and contain main outlines
studies 15, 16]. By suitably extending the neural output and some important inner lines of real objects. However,
based on the same neural-network structure, one caone can not feel illumination, quality and
easily obtain the derivative of neural output with respectthree-dimensional perception from pictures of this type.
to neural input. It should be emphasized that no additionalt. Picture D (Fig4): This picture denotes "low” level of
training work is required in the neural-network extension visual realism. Pictures of this type are usually produced
of derivative. The neural-network training is performed from projection, and contain only main outlines of real
only once. That is, one can synchronously obtain theobjects.
neural output and its derivative (with respect to neural5. Picture E (Fig.5): This picture denotes "very low”
input) through the same trained neural-network structurelevel of visual realism. Outlines for pictures of this type
With the help of neural-network extension of derivative, are different from those of real objects. In general,
the slope information for investigation data can be pictures of this type contain only semi-concrete or
predicted without plotting the overall data curves. This semi-discrete components. However, the fundamental
slope information will help us understand how the characteristics of real objects can still be found in such
investigation data vary (e.g., increasing or decreasifm). pictures so that one can identify them.
our knowledge, this paper is the first study that applies the In this part, the participants’ preference among the
neural network and its extension of derivative to problemsfive pictures (Fig.1-5) is investigated. There are 210
of participants’ preference for visual realism of tested participants of students and teachers from Southern
information systems. Although only specific examples areTaiwan for investigation. In sampling the tested
illustrated in this study, the proposed research flow chariparticipants, the stratified and random methods are
can be applied to many other problems of questionnaireutilized for convenience, reliance and small errors. The
investigation in social sciences. 210 tested participants are equally divided into seven
This study includes three parts. First, participants’ groups according to their age, as shown in Table 1. Each
preference for visual realism on web pages istested participant is asked to select his preference among
experimentally investigated by questionnaires, and tesul the five pictures (i.e., pictures A, B, C, D, or E) in Fig.
are then analyzed. Second, neural networks are utilized t&-5. The investigation is performed face to face. The
model and predict the investigated results in the first partelectronic files of Fig.1-5 are entered in a laptop
Third, a neural-network extension of derivative is computer. Each tested participant is asked to browse the
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Fig. 1: Picture A: very high level of visual realism.

five pictures on the computer screen and then chooses his
preference. Fig.6 shows the percentage of tested
participants in each group that prefer different pictures,
i.e., different levels of visual realism. For example, for
tested participants in Group #1 (i.e., age 11-15), about
10% of them choose picture A, about 35% of them
choose picture B,.., and about 12% of them choose
picture E, as their preference. From Fégwe can further
obtain the percentage of total tested participants that
prefer different levels of visual realism , as shown in Fig.
7. From Fig. 7, it shows that most of the total tested
participants prefer pictures with middle or high level of
visual realism. The research of referen@f][asserted
that the curve of participants’ preference with respect to
the visual realism is similar to the Gaussian distribution.
From Fig. 7, it shows that our investigation results are
consistent with the points of referenc20]. Therefore,

the investigated results in Fi§.are very reasonable.

In general, the above experimental investigation work
is time-consuming. In the following two sections, the
neural network and its extension of derivative are utilized
to model and predict the investigation results and trends
of data. We expect to predict the whole investigation data
from only part of the known investigation data. The goal
of such processes is to reduce the experimental
investigation efforts.

Table 1 Age distribution of the total tested participants.
Group #1 #2 #3 #4 #5 #6 #7
Age 11- 16- 21- 26- 31- 36- 41-
15 20 25 30 35 40 45
Participants 30 30 30 30 30 30 30
Total: 210 participants
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Fig. 3: Picture C: middle level of visual realism.
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Fig. 4: Picture D: low level of visual realism.

many simple processors such as units, nodes, and
neurons 18]. The processors are connected by

3 Neural-Network Modeling and Prediction

uni-direction connections that carry numerical data. A
neural network resembles the brain in two respects. One
is that the knowledge is acquired by the network through
a learning process. The other is that interneuron

The second part of this study is to utilize neural networksconnection strengths known as synaptic weights are used
to model and predict the experimentally investigatedto store the knowledge. For the time being, we can think

results of Fig.6. A neural network (NN) is a network of

of the NN as a black box that accepts certain inputs and
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Fig. 5: Picture E: very low level of visual realism.
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Fig. 7: The percentage of total tested participants that prefer

. different levels of visual realism.

+———— prefer picture A (investigation)
1 m——=——= prefer picture B (investigation)
4 &——&—a prefer picture C (investigation)
| %——>—X prefer picture D (investigation)
¥——X—X prefer picture E (investigation)

complex problem, e.g., the topic of this study. The output
y and the inpuk are mapped by the RBF-NN model. The
architecture of the RBF-NN is shown in Fi§.(the part
below the horizontal dotted line). The RBF-NN has three
layers, i.e., the input layer, the hidden layer and the dutpu
layer. There ar& nodes in the output layer representing
the output components of the system, iy(y1, Y2, ...,
] yi). There areK nodes in the input layer representing the
01 ‘ ‘ ‘ ‘ ‘ ‘ input components of the system, i.B5(X1, X2, ..., Xk)-

e de20 2 230 3% 3640 4 There still exist) nodes in the hidden layer for nonlinear

mapping. According to referencéq, thei-th (i = 1, 2,

Fig. 6: the percentage of tested participants in each group that. ., I) output node of the RBF-NN is given as
prefer different pictures, i.e., different levels of visual realism.

20

percentage of tested participants in the group (%)

J
Yi=Wo+ Y Wij-gj(X), i=12....1, (1)
produces certain outputs. The functionality of the black =1
box depends on the NN structure and the model of ever . o . .
neuron in this structure. An NN derives its computingXNhereW'l andgj(-) represent the weight and nonlinear

power through its massively parallel distributed struetur transfer function from thej-th node of hidden layer
d its ability to | d i dict toward thei-th node of output layer. In general, the

and Its abiity 1o learn and generalize (or_ pre ict). nonlinear transfer functiong;j(-) is chosen as the

Generalization (or prediction) refers to the ability of an Gaussian distribution and is given 49

NN to provide satisfactory responses to inputs that it has

not seen during its training (learning) process. The NN X —vj[2

models process certain advantageous characteristics of gj(X) = exp{— 5 21 1 (2)

nonlinearity and input-output mapping. Neural networks o

include different types of models. In this paper, the wherev; is the mean corresponding to theth hidden

RBF-NN (radial basis function neural network}9 is node ando? is the autocovariance of the Gaussian

chosen as the model. function. Initially, the RBF-NN is trained by known
Consider a sophisticated system with output  samples ok — y. Assume the number of known samples
componentsy=(y1, Y2, ..., 1) and K input components for X — yis Ny. The learning strategy is described in the

X=(x1, X2, ..., Xk). The analytical form for characteristics following.

of such a sophisticated system are absent (may b&tep 1 Select initial values for the weights from hidden to
unknown or even do not exist). In fact, this sophisticatedoutput layers. These weights are chosen to be small
system usually serves as the black-box mapping of aandom values. Select initial values for the centers of the
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Gaussians in the hidden layers. These centers are dy, dy, dy,
randomly chosen from the training data. Select initial ax, O || g, Te® &, 4
values for the diagonal elements of the covariances of the k=1 .k k=1 & k=1 &
Gaussian functions. These variances are all chosen to be i - .

equal to some constant.

Step 2 Present the-th input pattern at the input layer of
the RBF-NN.

Step 3 Utilize (1) and @) to calculate values for nodes in
hidden and output layers of the RBF-NN.

Step 4 Compare the actual outpyt p) at the output layer
and the described outpdi(p) fori =1, 2,..., . If yi(p) =
di(p) for 1<i <, goto Step 5. I§i(p) # di(p) for somei,
proceed to change the weight (parameter) values by using

output

.....................................

.....................................

Awij = n(di(p) —Yi(p)lg;[X(p)], (3)

_ _ ' _ _ Fig. 8: Architectures for the RBF-NN and its extension of
Avj = n-gj[X(p)] zl[di(P)*yi(P)]'Wii[X(p)*VJ]a (4)  derivative.

wheren denotes the learning rate.

Step 5 If p=Nt and the cumulative error is smaller than a
pre-specified threshold, we consider the training
completed. If p=Ny and the cumulative error is larger
than a pre-specified threshold, then we return to Step
starting with the first input pattern of indgx=1. If p #

Nr, we return to Step 2, by increasing the pattern ingex
by one.

After the neural network is trained by some learning
samples ok — y according to the above procedures, all
the weightsw;; (i =1, 2,..., 1, j =0, 1,..., J) will be
determined. Therefore, the prediction f— y will be
given by (). The trained RBF-NN can model the
mapping of X — y. In particular, the trained neural
network can predict data 6f — y that do not belong to
the training data sets.

uniform (with respect to neural input) as possible. The
remaining data sets are for testing. The parameter of
futocovariance in?) is chosen ag?=1/2. The choices of
neural-network parameters are based on experiences so
that the resulting Gaussian functions are neither too
peaked nor too flatl9]. In the training procedures, the
learning raten in (3) and @) is chosen as 0.1 and the
maximum training loops are set to & = 40000. The
training procedures have been mentioned above in details.
After the neural network is trained, it can predict results
beyond the training data. Fi§.shows the neural-network
predictions for the percentage of tested participants in
each group that prefer pictures representing different
levels of visual realism. It shows that the neural-network

. . I . prediction results (i.e., Fig9) are very consistent with
To model and predict the investigation results of Fig. original investigation results (i.e., Fi§). The average of

6, parameters in the above neural-network model A%he absolute error for data between Fegand Fig.6 is

selected. As shown in Fi@, there is one node (i.ex;) in :

. - - only 0.33%. That is, the RBF-NN can accurately model
the input layer representing the age of tested par'uupantsand predict the original investigation results. It shouéd b
In the neural computing, the seven ranges of age are

encoded within the range of 0 to 1. In our treatment, thenoted that only part of the investigated data (i.e., trgnin

: data) are required by the neural network to obtain the
X1 is encoded as 1/14 for Group #1, 3/14 for Group #2, : N
.., and 13/14 for Group #7. There are ten nodes in theSame results as the full investigation. From the above

hidden layer for nonlinear mapping (i.él,= 10). There procedures, we conclude that the neural network can
are five ¥10des ¥ V2 ys)p ing tHe";utpu.t layer successfully model and predict behaviors of participants’

representing the percentage of tested participants thfﬁreference for visual realism on web pages. Of great

prefer pictures A, B, C, D and E, respectively. During the Importance, the neural network can reduce

neural computi : Imvestigation efforts and still obtain almost the same
puting, values of the five output nodes are al results as the full investigation

normalized within the range of 0 to 1. As described '

above, procedures of neural networks includes training

and predicting stages. To illustrate the predictive power o

a neural network, only part of the data in Fi§.are

chosen for training. In our simulation, the data of Group

#1, #3, #5, and #7 in Figs are chosen for training the In the third part of this paper, we develop a

neural network. To achieve accurate neural-networkneural-network extension of derivative to predict the

prediction, such training data sets should distribute adrends (e.g., increasing or decreasing) of investigation

4 Neural-Networ k Extension of Derivative
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slope means that the data varies violently. On the
contrary, a small magnitude of slope means that the slope
varies smoothly. Table 2 shows the slope information of
Fig. 6 predicted from neural-network extension of
] derivative. From Table 2, one can give insight into the
1 T prterpioure A 0 redeten characteristics for data of Fi§. For example, in Table 2,
| A, rteritre © N brciton the row "prefer picture A” has a slope_value of 7.09_
20 | H———— prefer picture E (NN prediction) appearing at the column "age 21-25". This slope value is
positive and large compared with other components in
Table 2. This means that the data "prefer picture A” in
] Fig. 6 is going to violently increase at the point of "age
104 21-25". The row "prefer picture B” has a slope value of
] -3.64 at the column "age 31-35". This slope value is
negative with large magnitude compared with other
| components in Table 2. This means that the data "prefer
0L ‘ ‘ ‘ ‘ ‘ ‘ picture B” in Fig. 6 is going to violently decrease at the
s e 2k 2680 3k sed0 41 point of "age 31-35". The row "prefer picture E” has a
slope value of -0.01 at the column "age 16-20". This
Fig. 9: Neural-network predictions for the percentage of testedslope value is very close to zero. This means that the data
participants in each group that prefer pictures representing'prefer picture E” in Fig.6 is almost unchanged from the
different levels of visual realism. point of "age 16-20”. All the predictions of increase (i.e.,
positive slope) or decrease (i.e., negative slope) in Table
are consistent with practical situations in Feglt should
o ) ~ be emphasized that no additional training work is
data in Fig.6. In this part, the above RBF-NN model is yequired in using the neural-network extension of
further extended to obtain the derivative of the output, i.e derivative. With the help of neural-network extension of
dyi/dx (i=1,2,....landk=1,2,..., K). Foratrained gerivative, the trends of investigation data can be
neural network, the weight;; of (1) is constant. Froml)  predicted without plotting the overall data. Thus one can
and @), we have easily predict the trends (i.e., increasing or decreasifig)
data that model participants’ preference for visual realis
dy; B R—Vi[2 on vv_eb pages. T_his will greatly reduce the efforts of
o :_?J; Wij (X — Vj k) exp{— 2021 H, () practical investigation.

30

percentage of tested participants in the group (%)

wherev; \ is the k-th component of7;. Note that all the 5 Discussion

weightswij (i=1,2,...,landj =0, 1,...,J) in (5) have

been determined during the learning process for

establishing the model ok — y. Therefore, a new Table 3 shows the relationship between roughness of
mappingX — dyi/dxc (i =1, 2,..., 1 andk=1, 2,...,K) sampling data and accuracy of neural-network estimation.
can be obtained from5]. In other words, the RBF-NN  The top 2 rows of Table 3 have the same meanings as
model can be extended to predict the derivative of thethose of Table 1, i.e., the horizontal axis of Fig.In
output, as shown in Fig (the part above the horizontal Table 3, the notationy/” means that the corresponding
dotted line). It should be noted that the neural training isdata is included in training samples of neural networks.
performed only in establishing the mapping®f> y. No  The notation "Error” of Table 3 means the average of
additional neural training is required in establishing the absolute errors for neural-network predictions. From
mapping ofX — dy;/dxc (i=1,2,...,l andk=1, 2,..., Table 3, it shows that different selections of training
K). In other words, the results &f— y andx — dy; /dxx samples for neural networks have different levels of
are predicted simultaneously and the training work ispredicting accuracy (i.e., different levels of predicting

performed only once. errors). The results of Table 3 imply that training the
As described in the previous section, there are fiveneural network by using more and uniformly distributed
output nodesy, Yo, ..., ¥5) and one input nodex{) in samples will have better predicting accuracy (i.e., less

the RBF-NN. According tof), dy;/dx (i =1, 2, ..., 5) predicting error). This is consistent with the
can be easily obtained from the trained RBF-NN. That is,neural-network theories. However, too many training
the slope values fordata (i =1, 2, ..., 5) with respectto samples will cause more neural-computation efforts. The
X1 are obtained. These slope values represent propertieselection of training samples depends on experiences in
of data distribution. A positive slope value means that thecorresponding research fields. In general, the number of
data is increasing. On the contrary, a negative slope valugraining samples is suggested to be slightly more than half
means that the data is decreasing. A large magnitude ahe number of whole investigation samples.
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As mentioned above, the main goal of this study is picture will make one difficult to find the principal
that the neural network and its extension of derivative cancharacteristics. Therefore, suitable levels of visudisea
well model and accurately predict behaviors of are important in designing pictures of web pages, and
participants’ preference for visual realism on web pagesthen in designing contents of information systems. In
Note that the neural-network and its extension ofgeneral, one’s feeling of visual realism depends not only
derivative share the same training work. From results ofon the picture itself, but also on his personal
Table 3, we have successfully modeled and predicted theharacteristics (e.g., age, educatian, etc).

full investigation results from only part of the investiget In this paper, the neural network and its extension of
information. That is, the goal of this study has beenderivative have been successfully applied to participants

achieved. preference for visual realism on web pages. Results of

Section 3-5 have proven that the neural network and its

Table 2 Slope information of Fig6 predicted from extension of derivative can well model and accurately
neural-network extension of derivative. predict behaviors of participants’ preference for visual
Group #1 #2 #3 #4 #5 #6 realism on web pages. The RBF-NN model utilized in
Age 11-  16- 21- 26-  31-  36- this study is inherently one type of the general
15 20 25 30 35 40 regression 35-27]. It can model and predict strongly

PreferA -182 392 7.09 -042 055 -158 nonlinear problems from only part of investigation data
PreferB  -2.14 211 327 039 -3.64 273 (i.e., training data sets). Our results show that the
PreferC -0.35 -294 -531 0.06 181 0.07 investigated results and trends (e.g. increasing or
PreferD 4.21 -254 -139 -1.30 1.25 2.82 decreasing) predicted by the neural network and its
PreferE 050 -0.01 -420 1.00 -1.20 -3.65 extension of derivative are very consistent with the
practical investigation. Due to the use of neural networks,

Table 3 The relationship between roughness of sampling®n€ ¢an model and predict the full investigation from only

data and accuracy of neural-network estimation. part of the mvestlgatgd |nforma.t|on'. With the help of
data data data data data data  data _neural—r_1etwork extension of d_erlvatl_ve, _the trends (e.g.
41  #2 #3 #4 #5 #6 #7 increasing or decreasmg) of investigation data can be
Age Age Age Age Age Age Age predicted without plotting the oye(all 'data curves. It
11-  16- 21- 26- 31- 36- 41 Error should be noted that the neural training is performed only
15 20 o5 30 35 20 45 % once, i.e., in establishing the neural—neMOrk model. In
7 7 7 7 033 othger words, the neural network gnd its extension of
" " " 7 0.60 derlyanve sha_re the same training procedures. No
v 7 7 3'02 addltlonal training V\(ork is required in the neural—networ_k
3'51 extension of derivative. The use of neural network and its

v v v : extension of derivative will greatly reduce the
v v v 4.62 investigation efforts, and one can obtain almost the same

results as full investigation. The research flowchart of thi

. study can also be applied to many other problems in

6 Conclusion contents of information systems.
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