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Abstract - This study applies three multi-generational model to expresses the diffusion of multi-generational LCD TVs. 
Furthermore, this work conducts the analysis of forecast accuracy among the 32-, 40-, 42-, and 46-inch LCD TVs for the 
multi-generational models. The effect of word of mouth is the greatest for 32-inch LCD TVs because 32-inch LCD TVs 
enter into the market much earlier than other larger-sized LCD TVs and consumers of 32-inch LCD TVs rely the most on the 
promotions from previous consumers. For all LCD TV sizes, the forecasting errors are the smallest in predicting cumulative 
shipments of 46-inch LCD TVs in all multi-generational models. According to the criteria developed by Martin and Witt 
(1989), the forecasting ability was “good” in predicting cumulative shipments of 46-inch LCD TVs, but only “reasonable” in 
predicting cumulative shipments of 32-, 40-, and 42-inch LCD TVs for multi-generational Bass and Pearl models. Our 
proposed multi-generational models predict large-sized 42- and 46-inch LCD TVs better than smaller-sized LCD TVs. The 
size of 32- and 40- LCD TVs were not large enough and brought to the market earlier than the 42- and 46-inch LCD TVs. 
When the 42- and 46-inch LCD TVs entered the market, consumers felt that the 42- and 46-inch LCD TVs were much 
greater than the traditional LCD TVs. Consequently, the demand for large 42- and 46-inch LCD TVs grew rapidly. Thus, the 
multi-generational Pearl models, which considers how the large-sized LCD TVs substitute for small-sized LCD TVs, 
perform well in predicting large-sized LCD TVs. 
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I. INTRODUCTION 
 
This study applies multi-generational Pearl, Bass, 
Gompertz models to express the diffusion of multi-
generational LCD TVs. Furthermore, this work 
conducts the analysis of forecast accuracy among the 
32-, 40-, 42-, and 46-inch LCD TVs for the multi-
generational models.New technology enables 
successive generations of technological products to 
contain more functions than the previous generations. 
The size of LCD TVs available in the marketplace 
increases continuously due to technological progress 
[1]. Most studies applied conventional S-curve model 
to analyze diffusion orbits of technology [2-3]. 
However, these studies have not explored the market 
dynamics of specific products under the multi-
generational diffusion model[4-7]. Norton and Bass 
[8] and Shi et al.[9] utilized multi-generational Bass 
models to illustrate the diffusion of the durable and 
high-tech products, respectively. S-curve growth 
modelsare not limited to Bass models[8-9]. For these 
reasons, this work uses three S-curve growth model 
to construct multi-generation models: Pearl, Bass and 
Gompertz models.  
In addition, previous studies do not compare which 
size of LCD TVs is predicted most accurately. Thus, 
this work considers the market dynamics of each 
generation of LCD TVsin the circumstances of 
various generations substituting for each other.  In 
order to properly predict the sales of each LCD TV 
generation, this work considers the extent of impact 
on the substitutions of multi-generational LCD TVs 
using multi-generational Pearl, Bass and Gompertz 
model. This study revised the existing Norton and 
Bass multi-generational model and applies multi-

generational Pearl, Bass and Gompertz models to 
express the multi-generational LCD TVs. 
Furthermore, this work conducts the analysis of 
forecast accuracy among the 32-, 40-, 42-, and 46-
inch LCD TVs for these three multi-generational 
models. This work motivated to explore which size of 
LCD TVs shipments can be predicted most 
accurately. 
 
II. METHODOLOGY 
 
2.1. Multi-Generation Model 
In the multi-generational model, sales of successive 
generations of LCD TVs take the following form: 
  

 (1) 
where   is cumulative sales of the ith generation. 
Generations of LCD TVs are classified by size.   is 
the cumulative percentage of adoptions, which is the 
proportion of cumulative sales to market potential. 
The 32-, 40-, 42-, and 46-inch LCD TVs represent the 
first, second, third, and fourth generation, 
respectively. Notably,   is the time of introduction of 
successive product generations. We assume  = 0 for 
the first generation. In the original single generation 
pearl model, the differential equation representing 
adoption can be solved when the initial condition of   
is assumed. The cumulative adoptions in multi-
generational Pearl model can be written as equation 
(2): 
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            (2) 
where   is cumulative sales and M is the market 
potential. The change in coefficient p affects the 
location and the change in coefficient q affects the 
shape.  
 
The second model in our research is Bass model. The 
Bass model is then expressed in equation (3): 

       (3) 
where   is cumulative sales and M is the market 
potential. The change in coefficient p and q affects 
the location and the shape, respectively.  
 
Different from the simple logistic curve, Gompertz 
curve is not symmetric about the inflection point. The 
Gompertz model reaches the point which occurs early 
in the growth trend and is expressed as equation (4): 
 

         (4) 
 
Where   is cumulative sales. M is the upper bound 
which means the potential market size and should be 
set before estimating the parameters p and q. The 
change in coefficient p affects the location and the 
change in coefficientq affects the shape. 
 
2.2. Measurement of Forecasting Ability 
Sampled data are divided into two periods: one period 
is the training sample period and the other period is 
the testing sample period. All prediction models are 
developed using the training sample, which ranges 
from initial periods for various sizes of LCD TVs in 
the sample to the fourth quarter of 2010. Next, this 
work applies estimated parameters calculated from 
the training sample to evaluate shipment orbits in the 
test sample. Forecast accuracy of the test sample from 
the first quarter of 2011 to the fourth quarter of 2011 
is then compared between the predicted and real 
shipment units. Regarding the criteria of model 
accuracy, Kaasa [10] employed the root mean square 
error (RMSE) approximation to confirm the accuracy 
of their investigation models, so this paper follows 
Kaasa [10] to utilize RMSE to examine the prediction 
performance of the multi-generational pearl model. 
Besides, mean absolute percentage errors (MAPEs), 
mean absolute deviations (MADs) and root-mean-
square error (RMSE) of the cumulative quarterly 
shipments in the test sample are also used to compare 
the forecasting accuracies of the three models. 
Calculated errors will indicate which method is most 

accurate.The MAPEs are computed as 

; the MADs are computed as  

 ; and RMSEs are computed as  

. 
 
 
III. SAMPLE 
 
The number of LCD TV units shipped globally each 
quarter and global prices of LCD TVs are obtained 
from DisplaySearch databases. The study period, 
which contains 39 quarters, is from the second 
quarter of 2002 to the fourth quarter of 2011. Because 
various sizes (32-, 40-, 42-, and 46-inch) of LCD TVs 
are introduced into the market in different periods, 
the real number of units shipped is from the first 
quarter of 2003, the second quarter of 2002, the 
fourth quarter of 2003, and the first quarter of 2004 
for the 32-, 40-, 42-, and 46-inch LCD TVs, 
respectively. Therefore, 36, 39, 33, and 32 
observations are obtained for the 26-, 32-, 42-, and 
46-inch LCD TVs, respectively. 
 
IV. RESULTS AND DISCUSSION 
 
4.1.  Parameter Estimation Results  
Three multi-generational models are utilized to 
interpret the sale diffusion for the 32-, 40-, 42-, and 
46-inch LCD TV panels. The results of parameter 
estimation are listed in Tables 1 to 3. Comparing the 
estimated parameters among 32-, 40-, 42-, and 46-
inch LCD TVs, the market potential almost decreases 
as the size of LCD TVs increases for these three 
multi-generational models. Likewise, as the size of 
LCD TVs increases, the magnitude of the market 
potentials decreases. Because consumers of large 
LCD TVs generally have houses with great space, the 
market potential decreases as the size of LCD TVs 
increases.  
All the three models contain positive coefficients of 
word of mouth. This suggests that the incumbent 
consumers may communicate with successive 
consumers about the advantages of LCD TVs. 
Consequently, the word of mouth may attract more 
consumers to purchase LCD TVs. Particularly, the 
effect of word of mouth is the greatest for 32-inch 
LCD TVs. Because 32-inch LCD TVs enter into the 
market much earlier than other larger-sized LCD 
TVs. Consumers need to receive LCD TV related 
information through previous consumers. As larger-
sized LCD TVs enter into the market, consumers of 
large-sized LCD TVs are familiar with LCD TVs and 
consumers of large-sized LCD TVs do not rely on the 
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promotions of previous consumers as   those of 32-
inch LCD TVs. Consequently, the effect of word of 
mouth is the greatest for 32-inch LCD TVs. 
 

Table 1 Parameter estimation of multi-generational Pearl 
model 

 
 
Table 2 Parameter estimation of multi-generational Bass model 

 
 
The 32-inch LCD TVs have the greatest market 
potential for pearl model and the 40-inch LCD TVs 
have the greatest market potential for Bass and 
Gompertz models. Because the 32-inch and 40-inch 
LCD TVs are versatile, they are functional in a wide 
range of locations and spaces. For example, LCD TV 
consumers who have small house can put 32-inch of 
40-inch LCD TVs in living rooms. In public places 
which contain great space, 32-inch or 40-inch LCD 
TVs may be used to put in small exhibition halls or 
small public rooms. For large houses, 32-inch or 40-
inch LCD TVs may be put in bedrooms. Product 

attributes or functions of LCD TVs vary with size, 
such that different spaces require different sizes of 
LCD TVs. Therefore, 32-inch or 40-inch LCD TVs 
remain the dominant LCD TV size purchased. 
Conversely, the market potential of each other LCD 
TV size is less than 40% of the market potential of 
32-inch LCD TVs in the multi-generational Pearl 
model. This implies that 32-inch LCD TVs have not 
been replaced by large LCD TVs. Our finding is 
consistent with implications of the “market 
segmentation” hypothesis[11-12]. 
 
Table 3 Parameter estimation of multi-generational Gompertz 

model 

 
 
4.2. Forecasting Results 
This work assesses the ability of the three 
conventional models to predict LCD TV shipments. 
Parameters of all three models are estimated by using 
quarterly LCD TV shipments in the training sample, 
ranging from the beginning period to the fourth 
quarter of 2010. Using the three multi-generational 
models, forecasted cumulative LCD TV shipments 
from the first quarter of 2011 to the fourth quarter of 
2011 are then compared with actual cumulative 
shipments. Forecasting errors by each model are then 
measured using MAPE, MAD, and RMSE for 32-, 
40-, 42-, and 46-inch LCD TVs which is listed in 
Tables 4 to 6. Comparing the forecast accuracy of 
multi-generational models, the multi-generational 
Bass model has the smallest MAPE, MAD and 
RMSE, which indicates the Bass model has the 
smallest forecasting errors. Since the multi-
generational Bass model is suitable to illustrate the 
diffusions of multi-generational LCD TVs, it is 
inferred thatthe market potential is the smallest for 
46-inch LCD TVs both in multi-generational Bass 
models. Because consumers of large LCD TVs 
generally need to have buildings with great space, the 
market potential decreases as the size of LCD TVs 
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increases. Our finding is consistent with implications 
of the “market segmentation” hypothesis. 
 
Table 4 Forecast accuracy of multi-generational Pearl model 

 
Note: 
MAPE: Mean absolute percentage error 
MAD:Mean absolute deviation  
RMSE: Root mean square error  

 
Table 5 Forecast accuracy of multi-generational Bass model 

 
Note: 
MAPE: Mean absolute percentage error 
MAD:Mean absolute deviation  
RMSE: Root mean square error  
 

Table 6 Forecast accuracy of multi-generational Gompertz 
model 

Note: 
MAPE: Mean absolute percentage error 
MAD:Mean absolute deviation  
RMSE: Root mean square error 
 
For all LCD TV sizes, the MAPEs, MADs, and 
RMSEs are smallest in predicting cumulative 
shipments of 46-inch LCD TVs in the multi-
generational pearl models. When using the 
conventional multi-generation model, simulated 
errors for the 32-, 40- and 42-inch LCD TVs are 
large. The MAPE  is even larger than 40% for the 
prediction of cumulative shipment of 40-inch LCD 
TVs. Martin and Witt [13] asserted that the 
forecasting capacity of a model is “excellent” when 
the MAPE is <10%; forecasting capacity is “good” 
when MAPE is located in the interval [10%, 20%] 
(10%<MAPE<20%); and forecasting capacity is 
“reasonable” when MAPE is in the interval [20%, 
50%] (20%<MAPE<50%). According to the criteria 
developed by Martin and Witt [13], the forecasting 
ability was “good” in predicting cumulative 
shipments of 46-inch LCD TVs, but only 
“reasonable” in predicting cumulative shipments of 
32-, 40, and 42-inch LCD TVs. 
Figs. 1, 2 and 3 depict the results of MAPEs, MADs, 
and RMSEs for different size of LCD TVs. It can be 

clearly observed from Figs 1-3 that the forecasting 
ability of predicting 32-, and 40-inch LCD TVs is 
markedly inferior to that of 42- and 46-inch LCD 
TVs for these three multi-generational models. A 
possible interpretation is that the multi-generational 
substitution was most significant for large-sized LCD 
TVs. The size of 32- and -40 LCD TVs were not 
large enough and brought to the market earlier than 
the 42- and 46-inch LCD TVs. When the 42- and 46-
inch LCD TVs entered the market, consumers felt 
that the 46-inch LCD TVs were much greater than the 
traditional LCD TVs. Consequently, the demand for 
large 42- and 46-inch LCD TVs grew rapidly. Thus, 
the multi-generational Pearl models, which considers 
how the large-sized LCD TVs substitute for small-
sized LCD TVs, performs well in predicting large-
sized LCD TVs. 
 

 
Fig.1. Mean absolute deviation of multi-generational models. 

 
Fig.2. Mean absolute percentage error of multi-generational 

models. 

 
Fig.3. Root mean square error of multi-generational models. 

 
CONCLUSIONS 
 
This study applies multi-generational Pearl, Bass and 
Gompertz models to expresses the diffusion of multi-
generational LCD TVs. Furthermore, this work 
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conducts the analysis of forecast accuracy among the 
32-, 40-, 42-, and 46-inch LCD TVs for these three 
multi-generational models. Comparing the estimated 
parameters among 32-, 40-, 42-, and 46-inch LCD 
TVs, the market potential almost decreases as the size 
of LCD TVs increases for the multi-generational 
pearl model. Because consumers of large LCD TVs 
generally need to have buildings with great space, the 
market potential decreases as the size of LCD TVs 
increases. 32-inch or 40-inch LCD TVs remain the 
dominant LCD TV size purchased. Our finding is 
consistent with implications of the “market 
segmentation” hypothesis. For all LCD TV sizes, the 
forecasting errors are the smallest in predicting 
cumulative shipments of 46-inch LCD TVs in the 
multi-generational models. Our proposed multi-
generational models predict large-sized 42- and 46-
inch LCD TVs better than smaller-sized LCD TVs. 
The size of 32- and 40- LCD TVs were not large 
enough and brought to the market earlier than the 42- 
and 46-inch LCD TVs. When the 42- and 46-inch 
LCD TVs entered the market, consumers felt that the 
42- and 46-inch LCD TVs were much greater than 
the traditional LCD TVs. Consequently, the demand 
for large 42- and 46-inch LCD TVs grew rapidly. 
Thus, the multi-generational models, which considers 
how the large-sized LCD TVs substitute for the 
small-sized LCD TVs, perform well in predicting 
large-sized LCD TVs. 
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