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ABSTRACT 

Because of complicated exhibiting signs and clinical symptoms, physicians in Taiwan have 
difficulty making quick and correct judgments determining venomous snakebites.  To help decision 
making of snakebites, this study aimed at developing lens models by using the statistical data of 282 
snakebite cases reported by Hung (2002) .  The occurrence percentages of the nine common 
exhibiting signs and clinical symptoms of seven individual snakebite categories were utilized to 
randomly generate 3500 simulated cases for model training and 700 cases for model testing.  The 
developed lens models effectively predicted the snakebites of Daboia russellii siamensis (100%) 
and Bungarus multicinctus (98%), and fairly predicted the snakebites of Deinagkistrodon (69%), 
but poorly predicted the rest (below 27%).  This study demonstrated the potential of lens model 
apprach for helping discriminating snakebites in Taiwan.  To enhance model performance, 
empirical data with additional exhibiting signs and clinical symptoms should be collected. 
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1. INTRODUCTION 

Because Taiwan is located at the juncture of the 
tropical and subtropical regions, the weather is 
warm and humid.  This climate thrives a variety of 
snake species.  According to Chen (2010), every 
year approximately 3 to 5 hundred people were 
bitten by poisonous snakes.  The six common 
poisonous snakes in Taiwan are Bungarus 
multicinctus (BM), Cobra, Trimeresurus 
mucrosquamatus (TM), Trimeresurus stejnegeri 
(TS), Deinagkistrodon (DK) and Daboia russellii 
siamensis (DRS).  When the victims are sent to the 
emergency department for treatment, physicians 
have difficulty discriminating snakebites if the 
patient cannot bring the snake and cannot identify 
the snake from snake photos.  To make judgment of 
snakebites, physicians utilize available cues, such as 
exhibiting signs and clinical symptoms.  However, 
poisonous snakebites in Taiwan result in a variety of 

signs and symptoms.  Even experienced physicians 
had difficulties memorizing all the clinical 
manifestations of viper poisoning, not to mention 
new physicians.  Hence, the front line clinicians 
must depend on a strong back-end system to make 
correct judgments if possible. 

2. LITERATURE REVIEW 

2.1. VENOMOUS SNAKES IN TAIWAN 

In Taiwan, there are approximately 59 species of 
snakes, in which poisonous snakes account for 23 
species (14 kinds of land-based venomous snakes 
and 9 kinds of sea snakes).  Among all the 
poisonous species, as reported in Jie (2009), 
Bungarus multicinctus (Figure-1a), Cobra (Figure-
1b), Trimeresurus mucrosquamatus (Figure-1c), 
Trimeresurus stejnegeri (Figure-1d), 
Deinagkistrodon (Figure-1e), and Daboia russellii 
siamensis (Figure-1f) are the six most common 
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judgment strategy and the environmental structure 
to environmental cues, the comparison of the 
relationships can utilized to understand the policies 
of individual judgment, to measure the quality of 
judgment, and to explain the reasons for differences 
in judgment and actual results.   

As shown in Figure-2, the three basic elements of 
the lens model are the cues (x1, x2, …, xn) available 
in the environment, actual outcomes (Ye), and the 
decisions (Ys).  Two linear regression models are 
built to represent two linear relationships, in which 
one is between cues and the actual outcomes (Ye) 
and human’s linear predictions of the outcomes (Yt), 
and other one is between the cues and the human 
decisions (Ys) and generates the linear predictions 
(Yf) of the human decisions.  The obtained four sets 
of Y values can be further used to obtain five 
correlation indices.  Each of index can be used to 
evaluate certain aspect of a decision maker’s 
judgment performance (see Tucker, 1964 for more 
details). 

x1

x2

x3

xn

Actual Outcomes (Ye) Decisions (Ys)

Predictions  Outcomes 
(Yt)

Predictions  Decision
(Yf)  

Figure 2 – Lens model 

2.4. APPLICATIONS OF LENS MODEL 

Lens model and its extensions have been widely 
applied to a variety of domains, such as dynamic 
judgment tasks (Bisantz et al., 1997; Bisantz et al., 
2000), social policy making (Brehmer, 1986; 
Dalgleish, 1988; Kenneth R Hammond, 1996; 
Kenneth R. Hammond and Stewart, 1975; 
Rohrbaugh, 1988), control of the reservoir (Jha et al., 
2001), children's reading achievement judge 
(Cooksey et al., 1985), weather forecasting (Stewart 
et al., 1992), educational judgments(Cooksey et al., 
1986), and decision of purchasing goods (Tapp, 
1984). 

Lens model has been also applied widely to the 
field of clinical.  For example, Hirsh et al. (2011) 
used lens model to assess how medical staff use 
patients characterization and facial expression to 
make pain judgment.  Speroff et al. (1989) used a 
number of cues and clinical data to build a lens 
model that conferred the experience relationship 

between clinical data and physiological measures of 
hemodynamic status.  Furthermore, Werner et al. 
(1983) analyzed 30 psychologists and psychiatrists’ 
judgment of psychiatric patients’ imminent 
dangerousness.  These applications show the 
effectiveness of lens model for predicting and 
helping human judgment. 

2.6. RESEARCH OBJECTIVE 

The main purpose of this study was to utilize lens 
model approach to establish a decision support 
model for helping discriminating six common 
venomous snakebites in Taiwan.  Lens model has 
been approved that it can effectively predict human 
decision-making.  Hence, our goal was to analyze 
exhibiting signs and clinical symptoms caused by 
the domestic venomous snakebites and to confer the 
weights of the influential cues to establish lens 
models of snakebites screening.   

3. METHOD 

3.1. DATA GENERATION 

The statistic data, the occurrence percentages of the 
nine common signs and symptoms of seven 
individual snakebite categories, reported by Hung 
(2002) was utilized.  To note, in addition to the six 
common venomous snakes in Taiwan, a category, 
“undefined”, was added for the snakebite cases that 
could not be defined.  Hung (2002) reported 282 
snakebite cases collected in Taichung veterans 
general hospital from 1993 to 2000.  As shown in 
Table-1, when bitten by the six common venomous 
snakes, nine common signs and symptoms are fang 
marks, swelling, blood stasis, blister or blister with 
blood, muscle weakness, respiratory failure, 
subcutaneous bleeding, dizziness or headache, and 
local necrosis.  The occurrence percentages of the 
sign and symptom of seven individual snakebite 
categories are listed in the table. 

To build lens models, the occurrence percentages 
were used to randomly generate 600 simulated cases 
for each snakebite category.  Each snakebite case 
had specific signs and symptoms randomly 
determined according to the occurrence percentages 
of certain snakebite category.  Hence, there were 
totally 4200 simulated snakebite cases, in which 
3500 cases were used for model training and 700 
cases were used for model testing.   

3.2. CUE WEIGHT CALCULATION 

The 3500 simulated snakebite cases were first 
utilized to determine the influential cues of each 
snakebite category by regression analysis.  In the 
process of model development, all the 3500 cases 
were used for training individual models.  However, 
for certain snakebite model, only the cases of that 



 

 

snakebite cases were set as the signal, and the 
remanding cases of other snakebites were set as 
noise.  If there was no significant effect of cues (i.e., 
signs and symptoms), the cues were assigned a cue 
weight value at zero for that snakebite category (see 
Table-2).  For example, while building the lens 
model of Bungarus Multinctus, the signs or 
symptoms that had significant effects on judgment 
were swelling (p<0.05), muscle weakness (p<0.05) 
and respiratory failure (p<0.05) after regression 
analysis.  The remaining cues, including fang marks, 
blood stasis, blister or blister with blood, 
subcutaneous bleeding, dizziness or headache, and 
local necrosis, were not significant and thus were 
assigned a weight value at zero.   

Once influential cues were determined, the next 
step was to compute the weight value of ω , which 
represents the extent to which the clue affects the 
judgment.  According to Equation-1, the high value 
of ω 	 means the high influence of that cue in 
making judgment.  The cues in the formula 
represent the exhibiting signs and clinical symptoms 
of snakebites.   

ω SS N 1 MSE SSTO MSE⁄  (1) 

where, SScue is a cue sum of square, SSTO is sum of 
square Total, MSE is mean of square error, and N is 
cue number. 

Table 1 – Occurrence percentages of the nine common signs and symptoms for seven individual snakebite categories in Taiwan 

Occurrence(%) 
Cobra BM TM TS DK DRS Undefined 

Fang marks 72 64 76 86.5 100 100 67 

Swelling 63 12 76 86.5 100 100 37 

Blood stasis 14 4 34 16 75 100 12 

Blister or blister with blood 15  11 3 50  8 

Muscle weakness  96      

Respiratory failure  96      

Subcutaneous bleeding   16     

Dizziness or headache 24   24    

Local necrosis 26.2       

        

3.3 MODEL TESTING 

After lens models of seven snakebite categories 
were established with influential cues and relative 
weights, the remanding 700 simulated cases were 
then utilized to test model performance.  To 
discriminate each snakebite case, the occurrences of 
signs and symptoms of that case were first 
simultaneously assigned to all the seven lens models.  
Each model would obtain a final score that 
representing the extent to which the judged case 
related to the certain snakebite category.  The final 
decision of the judged snakebite cases would make 
for the model that obtained the highest final score.  
After discriminating 700 simulated cases, the 
correct rates of seven types of snakebites were 
calculated. 

4. RESULTS 

4.1. DEVELOPED LENS MODELS 

The influential cues with cues weights of seven 
snakebite lens models are shown in Table-2.  As 
shown in the table, not all signs or symptoms were 
important for all the snakebite categories.  For those 
cues that were not important, as mentioned 

previously, the cue weights were assigned a value at 
zero.  For instance, Figure-3 shows the lens model 
of Bungarus multicinctus.  The influential cues of 
this snakebite category were swelling, muscle 
weakness, and respiratory failure.  To note, the 
uninfluential cues (marked in gray shade) of 
Bungarus multicinctus do not mean these cues 
would not occur after bitten.  Instead, the 
occurrence of these cues does not help 
discriminating snakebites.  For example, although 
fang marks is a common signs after bitten by 
Bungarus multicinctus, it is not an influential cue 
for helping discriminating. 

4.2. MODEL PERFORMANCE 

Figure-4 shows the correct rates for discriminating 
the seven snakebite categories.  As shown in the 
figure, the models effectively predicted the 
snakebites of Daboia russellii siamensis (100%) and 
Bungarus multicinctus (98%), and fairly predicted 
the snakebite of Deinagkistrodon (69%).  However, 
for the remaining snakebites, the models had poor 
predictions.  The correct rates of Trimeresurus 
Stejnegeri, Cobra, undefined snakebites, and 
Trimeresurus mucrosquamatus were 27%, 20%, 
16%, and 8%, respectively. 



 

 

Table 2 – Obtained cue weights of lens models for seven snakebite categories 

Sings & Symptoms 
Cobra BM TM TS DK DRS Undefined 

Fang marks 3.07 0 0.44 3.11 11.77 10.58 6.29 

Swelling -0.29 25.44 0 15.79 17.54 15.73 18.92 

Blood stasis 10.51 0.00 0.06 43.38 20.11 55.73 5.67 

Blister or blister with blood 0 0.00 0 8.65 48.76 15.73 -0.79 

Muscle weakness 17.10 73.23 16.77 0 0 0 49.07 

Respiratory failure 0 1.33 0 0 0 0 0.18 

Subcutaneous bleeding 1.78 0 72.80 2.77 0.69 1.37 2.39 

Dizziness or headache 18.15 0 7.45 26.29 0.96 0.86 11.73 

Local necrosis 49.68 0 2.49 0.00 0.18 0.00 6.55 
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Figure 3 – Lens model of Bungarus multicinctus 
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Figure 4 – Models performance of discriminating snakebites 

5. DISCUSSION AND CONCLUSIONS 

This study utilized lens model approach to establish 
seven lens models, in which six models referred to 
the six common venomous snakes in Taiwan and 
one model referred to the snakebites that could not 
be defined in the data reported by Hung (2002).  
When simulated data were utilized to develop 
models, this study showed the potential application 
of lens model approach to build a decision support 

system for helping discriminating venomous 
snakebites in Taiwan.   

Our developed lens models effectively predicted 
the snakebites of Daboia russellii siamensis and 
Bungarus multicinctus.  The two types of snakebites 
had respective influential cues that effectively help 
discrimination.  As shown in Table-2, blood stasis is 
a signature cue for the snakebite by Daboia russellii 
siamensis, whereas muscle weakness is a signature 
cue for Bungarus multicinctus.  The models fairly 
predicted the snakebites of Deinagkistrodon.  When 
bitten by Deinagkistrodon, several signs and 
symptoms could occur, decreasing the correct rate 
of judgment.  However, the models predicted poorly 
of the remaining snakebite categories.  Because the 
snakebites of Cobra, Trimeresurus stejnegeri, and 
Trimeresurus mucrosquamatus result in similar 
exhibiting signs and clinical symptoms, the 
developed models had difficulty making correct 
judgements.  

To enhance the model prediction, empirical data 
with sufficient signs and symptoms should be 
collected.  The analysed data utilized in this study 
were generated based on the occurrence percentages 
statistically reported in the literature.  However, the 
simulated data may not be able to represent real 
snakebite cases.  For example, in our way to 
generate the simulated snakebite cases, we assumed 
the occurrences among signs and symptoms were 
independent.  However, this assumption could be 
incorrect.  The occurrence of a sign may have 
certain degree relate to the occurrence of another 
symptom.  Furthermore, the nine exhibiting signs 
and clinical symptoms utilized in this study were 
limited to the data reported by Hung (2002).  
Although these signs and symptoms occur the most 
frequently, other signs and symptoms that did not 
reported by Hung (2002) may play critical roles for 
discriminating snakebites.  Therefore, empirical 
snakebite profiles with completed signs and 
symptoms should enhance the model 
comprehension. 



 

 

Future research should develop high-performance 
model for clinical testing.  The validated model 
should help physicians make decisions of 
discriminating snakebites and perform correct 
serum treatment.  The developed models could 
develop a program in a website format or as a 
mobile APP.  While diagnosing, physicians can 
input patient exhibiting signs and clinical symptoms 
into the program, and the model could immediately 
provide suggestions for helping decision-making, 
increasing survival rates. 
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