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Fig. 1.  Hidden layer structures of neural network models

6. Validation

Developed models are validated through comparing their 
results to the collected validation data points. If these re-
sults do not match; then, the model should be improved 
to produce better results (Zayed, Halpin 2005).

In order to check the accuracy of developed models, 
five HEPP projects were selected as testing projects. The 
costs of HEPP projects were determined by multiplying 
the quantity take-off with unit prices of each project. Re-
liability of each model can be checked by comparing the 
estimated costs from developed predicting models. This 
model is effective, because of the newly introduced data 
which was never used in the analysis section.

The performances of models were tested by using 
the mean absolute percentage error (MAPE) of which 
equation is given in Eqn (3). 

	 � (3)

where: “i” is the number of the project, actual is the real 
cost of that project; and “predicted” is the predicted cost 
of that project calculated by means of estimation models.

First of all, the regression model was checked by com-
paring the actual cost of testing projects with their predicted 

costs from the developed model. Table 3 shows the predict-
ed costs of testing projects, percent error and MAPE.

Different from the regression model, three neural net-
work models were developed with different numbers of 
hidden neurons in each model. The testing results of all 
three models are given in Table 4. In model 1 the mean 
absolute percentage error is about 0.05 and this is accept-
able and this model provides a highly accurate result.

The weight distribution of the best neural network 
model is given in Figure 3. The effect of each parameter 
is given in the importance chart which is represented in 
Figure 4.

A comparison of regression and selected neural 
network validation models are provided in Table 5. 

If three models are compared, the Model 1 is the 
best model which gives the high accurate results in cost 
prediction for HEPP projects. Therefore Model 1 was 
selected as neural network cost estimation model is 
compared with the regression model.

Conclusions

Important points of early cost estimation models are easy 
to use, applicable to different types of projects and can 
be used to estimate the cost within an acceptable error 
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Fig. 3.  Weight distribution of neural network Model-3 (M3)

Fig. 2.  RMSE behavior during analysis

Table 3.  Results of regression model cost estimations and MAPE

Project Real cost million $ Estimated cost million $ Percent error MAPE
1 8.799 7.840 –10.90%

9.94%
2 3.604 3.283 –8.91%
3 8.545 9.478 10.93%
4 50.313 55.176 9.67%
5 146.712 160.364 9.31%
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Table 5.  Results of NNM and RM cost estimations

Project Real cost  
million $

Estimated  
cost by NNM 

million $

Estimated  
cost by RM 

million $

Percent error  
in NNM

Percent error  
in RM

MAPE  
in NNM

MAPE  
in RM

1 13.199 8.799 8.608 3.55% –10.90%

5.04% 9.94%

2 5.406 3.604 2.863 –2.99% –8.91%
3 12.817 8.545 7.658 4.38% 10.93%

4 75.469 50.313 44.781 –7.18% 9.67%

5 220.068 146.712 156.999 –7.11% 9.31%

Table 4.  Results of neural network models cost estimations and MAPEs

Project Real cost 
million $

Model 1 Model 2 Model 3
Estimated 

cost  
million $

Percent 
error MAPE

Estimated  
cost  

million $

Percent 
error MAPE

Estimated 
cost  

million $

Percent 
error MAPE

1 8.799 9.111 3.55%

5.04%

8.055 –8.45%

8.71%

8.608 –2.17%

10.23%
2 3.604 3.496 –2.99% 3.206 –11.05% 2.863 –20.57%
3 8.545 8.919 4.38% 8.419 –1.47% 7.658 –10.38%
4 50.313 46.701 –7.18% 57.456 14.20% 44.781 –10.99%
5 146.712 136.286 –7.11% 134.419 –8.38% 156.999 7.01%

range. The products of this paper are two cost estimation 
models which have been developed as based on multiple 
regression and artificial neural networks. These models 
have been developed depending on the data obtained from 
forty nine HEPP projects and validated by five projects. 
Comparisons of validation results revealed that the regres-
sion model had a 9.94%, and neural network model had 
5.04% prediction accuracy. It can be seen that the neural 
network model yielded more accurate results. The esti-
mation models presented in this paper are applicable to 
different types of HEPP projects. These models may help  
estimate the hydroelectric power plant project costs in ear-
ly stages of a project. Moreover, the analyses carried out in  
this paper could be repeated for parts of HEPP projects. 
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