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Abstract  The mixed logit model is widely used in 

choice experiments to capture random variations in 

individual tastes; however, the predefined distributional 

forms significantly affect welfare estimates. This study 

addresses the lack of research on the effects of four 

common distributions (normal, log-normal, triangular and 

uniform) on welfare estimates, attribute significance and 

model fit, particularly in the context of endangered 

species conservation. The results highlight visitors’ 

willingness to contribute financially to the South China 

tiger conservation, while also emphasizing the importance 

of identifying the optimal distribution in advance to avoid 

potentially biased welfare estimates and subsequent 

erroneous policy recommendations. Notably, except for 

the log-normal model, the other distributions yielded 

consistent estimates regarding attribute significance and 

preference. Interestingly, while the log-normal model 

fitted well, it yielded fewer significant attributes and 

lower welfare estimates. The triangular distribution 

performed best in terms of log-likelihood, pseudo-R2 and 

Akaike information criterion. This finding challenges the 

common use of normal distributions for mixed logit 

models and addresses the importance of developing mixed 

logit models with different distributions. Moreover, 

effective budget allocations based on visitors’ preferences 

for South China tiger conservation are recommended for 

policymakers. 

Keywords  Choice Experiment, Conservation, Mixed 

Logit Model, Random Parameter, Willingness to Pay 

1. Introduction

The choice experiment (CE) is an increasing modelling 

approach that allows the elicitation of respondents’ stated 

preferences in hypothetical scenarios and the 

quantification of the non-market values of environmental 

goods and services [1]. This technique divides a particular 

good into several attributes and thus assesses the 

respondents’ preferences and the marginal value of a 

change in these attributes through their trade-offs among 

alternatives. To this end, several models in CE have been 

developed, such as the conditional logit (CL) model, mixed 

logit (MXL) model and latent class model (LCM). 

The CL model is the benchmark model with the 

homogeneous preference assumption [2]. In contrast, 

preferences among individuals are heterogeneous in 

practice. As an alternative, the latter two models have been 

proposed to account for preference heterogeneity. The 

LCM is famous for dividing the whole sample into 

homogeneous groups and assigning a respondent to a 

certain latent group in terms of his or her choice, whereas 
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the MXL model is favored for viewing each respondent as 

a group with unique preferences and exploring the 

significant factors [3-5]. The purpose of the MXL model 

estimation is to pinpoint the distribution of the parameters 

from which an individual’s tastes can be drawn [6]. More 

importantly, the distribution must be predetermined by the 

researcher. 

Traditionally, each distribution can be specified and 

used by the researcher, which has led to various studies 

related to different distributional assumptions for the MXL 

model estimation and obscure conclusions about the 

optimal distribution specification. Therefore, different 

distributions have been applied in previous studies, namely 

normal [7, 8], log-normal [9-11], triangular [12, 13], 

uniform [14, 15] and Johnson’s SB [16] distributions. To 

date, no mutual conclusions have been drawn to determine 

which distribution is best. As stated by Hensher [17], there 

is still work to be done in determining which random 

distribution is optimal because none of them have all the 

necessary characteristics. 

Furthermore, in most cases, previous studies have 

shown that all parameters are assumed to follow a specific 

distribution except for the price attribute, which is assumed 

to be fixed [7, 8, 18, 19]. This specification is preferred for 

two reasons. First, it can help to avoid extreme values for 

willingness to pay (WTP) and interpret model estimation 

more easily [15, 20]. Second, it permits the price/cost 

parameter to be nonpositive across all respondents [14]. In 

addition, other studies have suggested that all parameters 

are predefined as random but that the nonprice and price 

parameters follow different distributions [21-23]. The 

purpose of this specification is to prevent potential 

theoretical contradictions from positive price preferences 

[21] and ensure meaningful WTP values [24]. 

As Hensher and Greene [25] stated, distributions can 

approximate arbitrarily the real behavioral pattern. Failing 

to identify the appropriate distributional assumption for the 

MXL model yields biased parameters and welfare 

estimates that do not reflect the true choice behavior. 

Notably, this limitation could contribute to significant 

misspecification issues and restrictive inferences [26]. 

Moreover, biased WTP estimates lead to inappropriate 

associated inference [10]. 

Although several of the abovementioned CE studies 

used MXL models with different distributional 

assumptions, their impact on welfare estimates, goodness 

of fit and attribute significance has typically received 

insufficient attention, especially in the context of 

endangered species conservation. To the best of our 

knowledge, the latest study that compares in detail the 

different distributions of these random parameters in 

welfare estimation is from Mohamad et al. [20]. No other 

studies have been conducted since then to explore this 

methodological issue in depth. Moreover, a recent study in 

2024 that applied the log-normal form for random 

parameters in MXL models suggested that it is necessary to 

investigate the effects of different distribution assumptions 

[10]. Thus, this paper is motivated by the need to explore 

the impact of different distributional assumptions for the 

MXL model on welfare estimation and aims to obtain more 

evidence for the most appropriate distribution in CE 

analysis. Moreover, the present study can provide some 

insightful recommendations for policymakers to develop 

more efficient conservation strategies for South China tiger 

conservation. 

2. Literature Review 

With respect to different distributional assumptions, 

several studies have explored the impact on estimation 

results [13, 15, 27, 28]. The most common and popularly 

used distributions are normal, uniform, log-normal and 

triangular distributions [29]. The findings suggest that the 

different distributional assumptions chosen can 

significantly affect the estimation results. However, they 

did not reach a consensus. The details are discussed below. 

Regarding the choice of the optimal distribution 

assumption, specifying a normal distribution in the MXL 

model is a rule of thumb and is followed by many 

researchers [7, 8, 30-32]. Moreover, several comparison 

results from CE applications also support this assertion. 

For example, Liu and Fan [3] used the same data from the 

highway safety information system from 2005-2013 in 

North Carolina to examine and compare normal, uniform 

and triangular distributions in MXL models and found that 

the normal distribution is superior to other distributions on 

the basis of their log-likelihood values. Another study 

aimed at patient preferences for provider choice compared 

the results for MXL models with different distributions and 

reported that the results for the normal distribution 

assumption were robust compared to negative log-normal 

and triangular specifications [33]. Similarly, the results for 

another comparative CE study conducted by Tait et al. [24] 

also reported that the normal distribution was superior in 

providing the best goodness of fit. 

However, the findings from a growing body of CE 

studies cast doubt on this rule of thumb, and researchers 

have taken a different view. The unrestricted sign of the 

parameters often violates true behavioral predictions, 

including negative price sensitivity, and thus leads to 

alternative distributions [34]. For example, some CE 

studies demonstrated that a triangular or constrained 

triangular distribution was more appropriate in terms of 

model fit [13, 29, 35]. However, other researchers 

recommended the negative log-normal distribution if they 

want to add certain restrictions, such as the same sign for 

each coefficient among all respondents [10, 36, 37]. 

Moreover, a uniform distribution can be chosen in certain 

cases. For example, Lee and Du Preez [14] employed a 

uniform distribution for all random parameters except the 

donation variable since these nonprice variables were 

captured as dummy variables. 
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Regarding the effect on attribute significance and 

welfare estimation, some studies share the same effect for 

all distributions. For example, Zhong et al. [13] reported 

that the predefined triangular distribution in the MXL 

model outperformed relatively better than the normal and 

log-normal distributions but produced consistent estimates. 

Similarly, a study carried out by Mohamad et al. [20] 

reported that the attribute significance and welfare 

estimates were quite similar across normal, uniform and 

triangular distributions, except for log-normal distributions 

with a smaller number of significant attributes and lower 

estimates. This finding is consistent with some previous 

studies [25, 38]. 

Instead, several studies have revealed diverse results. A 

recent study by Kim et al. [37] indicated that the result for 

public attribute in the MXL model with a normal 

distribution was not meaningful for its negative sign and 

the insignificant estimate for private attribute, leading to a 

change in the distribution form from normal to a 

log-normal distribution. When it comes to the WTP 

estimates, Ghosh et al.’s [29] study revealed that WTP 

estimates were also quite different across normal, 

log-normal, uniform, triangular and Johnson’s SB 

distributions, together with the different model fits. 

Although several studies in China have been conducted 

to use MXL models to assess consumers’ preferences and 

determine their WTP for goods or services, such as 

ecosystem service improvement [7], endangered 

red-crowned cranes [39], conservation of China’s giant 

panda nature reserves [40], African elephant conservation 

[41] and intangible cultural heritage [32], all prefer to 

imply a normal distribution. These studies ignored the 

applications of other distributions in China. Of particular 

interest in the present study is testing the impact of 

different distributional assumptions and enriching related 

studies for MXL model applications. 

As discussed above, there seems to be no agreement on 

the question of the effect of different distributional 

assumptions, which still need to be adequately addressed in 

the future. Specifically, identifying the optimal distribution 

remains challenging, and most researchers identify 

distributions based solely on prior or model performance. 

As Mariel et al. [34] stated, WTP calculations for MXL 

models rely on the researcher’s distributional assumption 

and selecting the wrong distribution might significantly 

impact the WTP computation. Thus, WTP estimation, 

attribute significance and model fit should be used together 

as overall judgement criteria to determine the appropriate 

distribution, as well as to examine the implications of 

different distributional assumptions. After all, choosing an 

unsuitable distribution will lead to biased WTP estimates 

and potentially wrong policy recommendations. Therefore, 

it is necessary to consider the issue of distributional 

assumptions and conduct extensive studies to examine 

MXL model estimators with different distributions. For 

simplicity, the present study estimates the MXL model 

with four common and popular distributions, namely 

normal, log-normal, uniform and triangular distributions, 

and specifies similar distributions for all nonprice 

attributes and fixed price parameters for easy comparison 

and interpretation of the results. 

3. Materials and Methods

3.1. Study Site 

This study was conducted at Wangcheng Park to 

estimate visitors’ preferences and WTP for South China 

tiger (SCT) conservation attributes using CE methods. 

Wangcheng Park is in Luoyang City of China, which has 

a reputation for cultivating the most SCTs among all 

parks/zoos for eight consecutive years worldwide [42], as 

shown in Figure 1. 

Figure 1.  SCT distribution in parks/zoos in China [42] 
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Despite numerous efforts around the world and by the 

Chinese government to protect SCT, the species remains 

critically endangered. To save it from total extinction, all 

existing SCTs are now kept in captivity. However, efforts 

at the official level are limited, necessitating joint efforts. 

Therefore, for visitors as direct beneficiaries, their 

preferences make a big difference in improving the status 

of SCT conservation. 

Full reliance on government funding and entrance fees 

for Wangcheng Park is not always the best strategy. 

Therefore, since no conservation fee has been imposed, a 

voluntary conservation fee could be considered. 

Correspondingly, visitors’ preferences for SCT 

conservation and the impact of developing a voluntary 

conservation fee should be evaluated to consider how it 

might aid policymakers in developing more effective 

conservation strategies. 

When applying the CE approach, identifying the 

attributes and levels is the first and most critical step. In 

our study, the SCT conservation attributes and their levels 

at Wangcheng Park are selected based on several solid 

procedures, including (1) an extensive literature review, (2) 

discussion with visitors, and (3) several individual 

meetings with responsible policymakers. The finalized 

five attributes consisted of four nonprice attributes and 

one price attribute, namely the number of SCTs, size of 

natural habitat, frequency of conservation campaigns, 

level of SCT conservation institutions and conservation 

fee. Table 1 displays the attributes and their levels in the 

CE design. 

3.2. Econometric Specification 

The MXL model has gained popularity due to its ability 

to permit realistic substitution patterns and correlation of 

unobserved factors across choice questions, which can 

precisely imitate any random utility choice model by 

specifying random parameter distribution [43]. The 

random utility model defines the utility obtained from a 

good or service as consisting of observable and 

unobservable (random) components [44]. In other words, if 

respondent n chooses option i, then the utility he/she 

obtains from the option can be described as follows 

𝑈𝑛𝑗 = 𝛽′𝑋𝑛𝑗 + 𝜀𝑛𝑗  (1) 

where 𝛽′ denotes the vector of estimated coefficients for 

each respondent, 𝑋𝑛𝑗  is the vector of nonstochastic

variables related to respondent n and option j and where 

𝜀𝑛𝑗  signifies the random error that is extreme,

independently identically distributed (IID) value. 

If respondent n chooses option i, it means that 𝑈𝑛𝑖 > 

𝑈𝑛𝑗 , with i ≠ j. Then the probability that respondent n

chooses option i can be calculated via the following 

equation 

𝑃𝑛𝑖 = ∫
𝑒𝛽′𝑋𝑛𝑖

∑ 𝑒
𝛽′𝑋𝑛𝑗

𝑗

𝑓(𝛽)𝑑(𝛽)     (2) 

where 𝑓(𝛽) is the density function of 𝛽  and it can be 

specified as different distribution types. 

In most cases, the integral in (2) cannot be estimated 

analytically using the log-likelihood function but can be 

simulated through maximizing the log-likelihood function 

with the help of Halton draws [2]. Consequently, 100 

Halton draws were implemented to simulate the parameter 

distribution in this study. Moreover, multiple distributions 

can be used for the estimation of MXL model parameters 

such as normal, log-normal, uniform and triangular [2]. All 

the distributions share at least one significant flaw with 

respect to the sign or tail length [20]. The details can be 

found in Figure 2. 

Table 1.  SCT conservation attributes and their levels at Wangcheng Park

Attributes Code Levels 

Number of SCT NUMB 

250: The current number of SCT is 250. 

350: Increase SCT’s population to 350. 

450: Increase SCT’s population to 450. 

Size of Natural Habitat HABT 

Small: The current size of natural habitat is less than 1,000 km2. 

Medium: Increase the size of natural habitat for SCT to approximately 1,000 km2. 

Large: Increase the size of natural habitat for SCT to more than 1,000 km2. 

Frequency of Conservation Campaign CAMP 

Low: There are few conservation campaigns. 

Medium: Conduct more conservation campaigns. 

High: Conduct conservation campaigns very often. 

Level of SCT Conservation Institutions LTCI 

Local: The current local level of SCT conservation institutions. 

Provincial: Improve the level of SCT conservation institutions to the provincial level. 

National: Improve the level of SCT conservation institutions to the national level. 

Conservation Fee PRICE 

￥0: No conservation fee charged now. 

￥5 ($0.72), 

￥10 ($1.44), 

￥15 ($2.16), 

￥20 ($2.88) 

Note: Italics describe the status quo. 
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Figure 2.  Probability density functions of different distributions [6] 

Normal distribution: The normal distribution 

𝑋~𝑁[𝜇, 𝜎2] is also called the Gaussian distribution, which 

is a common and popular distribution used in the MXL 

model estimation [45]. Notably, there is no strict sign for 

the coefficients with the following density function 

𝑓(𝑥) =
1

𝜎√2𝜋
𝑒

−
(𝑥−𝜇)2

2𝜎2  (3) 

where 𝑥 belongs to (−∞, +∞) and follows a distribution 

with the mean value of 𝜇 and covariance of 𝜎2. 

Therefore, the normal distribution is unbounded and 

relatively easy to apply. However, the infinite tails require 

near-infinite coefficient values. Consequently, several 

transformations of the normal distribution, such as the 

log-normal distribution, have been developed. 

Log-normal distribution: The log-normal distribution 

( 𝑙𝑛𝑋~𝑁[𝜇, 𝜎2] ) is skewed to the right. This form is 

practicable, particularly when a certain nonnegative sign is 

required for the coefficients. The property of the log 

function helps the distribution naturally meet the necessary 

constraint easily. However, the long right-hand tail makes 

WTP estimation more challenging and results in 

overestimation of the standard deviation [29]. The density 

function is described as follows 

𝑓(𝑥) =
1

𝑥𝜎√2𝜋
𝑒

−
(𝑙𝑛𝑥−𝜇)2

2𝜎2  (4) 

where 𝑙𝑛𝑥 belongs to (0, +∞) and follows a distribution 

with a mean value of 𝜇 and covariance of 𝜎2. 

Triangular distribution: Triangular distribution can be 

employed, especially when the sign of the coefficient is 

uncertain. The term ‘triangular’ reflects the shape of the 

density function, which has a peak point and asymmetrical 

shapes [46]. The density function can be expressed as 

follows 

𝑓(𝑥) = {

2(𝑥−𝑎)

(𝑏−𝑎)(𝑐−𝑎)
𝑓𝑜𝑟 𝑎 ≤ 𝑥 ≤ 𝑏

2(𝑏−𝑥)

(𝑏−𝑎)(𝑏−𝑐)
𝑓𝑜𝑟 𝑏 ≤ 𝑥 ≤ 𝑐

  (5) 

where a is the lower limit value, b is the upper limit value 

and c is the center value. 

Uniform distribution: The uniform distribution 

( 𝑋~𝑈[𝑎, 𝑏] ) is thought to be the simplest continuous 

probability distribution [29]. It has the property that 𝑥 

belongs to [a, b] and has a constant probability density on 

an interval (a, b) and 0 probability density elsewhere. The 

density function is written as follows 

𝑓(𝑥) = {
1

𝑏−𝑎
𝑓𝑜𝑟 𝑎 ≤ 𝑥 ≤ 𝑏

0 𝑒𝑙𝑠𝑒𝑤ℎ𝑒𝑟𝑒
(6) 
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where a and b are the finite values on both sides. 

In the present study, the parameters for the nonprice 

attributes were specified to follow the same distributional 

assumption, where those for the price attribute were set to 

be fixed for convenience. This assumption could help 

avoid the complications associated with a specific 

distribution of random price parameters and simplify WTP 

computation and model interpretation [47]. 

After the distribution for a random parameter is 

specified, the next step is to calculate the WTP, which is 

also known as the implicit price. The WTP can be 

determined by the trade-off between the monetary values 

of the attribute levels through the marginal rate of 

substitution [30]. On this basis, the WTP for a change per 

unit in a specific attribute can be defined and calculated as 

the ratio of the coefficients of the nonprice attribute 

𝛽𝑎𝑡𝑡𝑟𝑖𝑏𝑢𝑡𝑒  and the price attribute 𝛽𝑝𝑟𝑖𝑐𝑒  as described as 

follows [48] 

𝑊𝑇𝑃 = −
𝛽𝑎𝑡𝑡𝑟𝑖𝑏𝑢𝑡𝑒

𝛽𝑝𝑟𝑖𝑐𝑒
                  (7) 

Therefore, with different ex-ante and defined forms of 

distribution for 𝑓(𝛽), the WTP estimates could vary across 

different distribution assumptions. Therefore, MXL 

models with all possible distributions of random 

parameters were developed. In this study, the distributions 

were specified to be normal, log-normal, triangular and 

uniform for all nonprice attributes. The price attribute 

parameter was set to be fixed, which can make the WTP 

calculation and model interpretation easier [15]. The 

collected CE data were analyzed using Nlogit 6, an 

advanced econometric software package developed by 

Econometric Software, Inc. It is specifically designed for 

estimating discrete choice models such as MXL models. It 

provides flexible tools for handling random parameters 

and deriving WTP value. 

3.3. Choice Experiment Design 

3.3.1. Assignment of Attributes and Levels 

When applying the CE approach, identifying the 

attributes and levels is the first and most critical step. In our 

study, the SCT conservation attributes and their levels at 

Wangcheng Park are selected based on several solid 

procedures, including (1) an extensive literature review, (2) 

discussion with visitors, and (3) several individual 

meetings with responsible policymakers. The finalized five 

attributes consisted of four nonprice attributes and one 

price attribute. Accordingly, they include the number of 

SCT, size of natural habitat, frequency of conservation 

campaigns, level of SCT conservation institutions and 

conservation fee. Thus, the WTP value can be computed as 

the ratio of the coefficients of the nonprice attributes and 

the price attribute. Table 1 displays the attributes and their 

levels in the CE design. 

3.3.2. Experimental Design 

After identifying the attributes and their levels, the next 

step is to choose a suitable experimental design to generate 

a combination of alternatives. Generally, the selected 

attributes and their levels gave rise to 405 (3*3*3*3*5) 

possible combinations and 81,810 (𝐶405
2 ) different choice 

sets. However, it is impractical to present all combinations 

of attributes and their levels to respondents, making it 

essential to identify subsets of alternatives that still allow 

for a reliable estimation of preferences [36]. To address 

this, a fractional factorial design was carried out to 

systematically reduce the number of combinations while 

preserving orthogonality and level balance [49]. 

Following the approach suggested by Grisolia and Willis 

[50], a D-efficient experimental design was chosen for its 

ability to extract maximum information from combinations 

of attribute levels and minimize the D-error, thereby 

enhancing statistical efficiency. The design was generated 

using the %MktEx macro in the Statistical Analysis 

System (SAS) software, which is widely used for 

generating efficient experimental designs in discrete 

choice experiments. 

3.3.3. Questionnaire Design 

Finally, 45 choice tasks were produced. To reduce the 

burden on respondents to fill out the CE questionnaires, 

45 choice tasks were randomly distributed into nine 

blocks so that each block held five choice tasks. The 

choice tasks were transformed into choice cards. The 

respondents were provided randomly with one block with 

five choice cards and asked to choose their favorite option 

between two hypothetical alternatives plus a status quo 

alternative in a scenario. In addition, incorporating 

illustrative visuals into the choice cards could ease the 

respondents’ cognitive burden and aid them in 

distinguishing attribute levels [21]. Table 2 represents a 

CE choice card example. 

Table 2.  CE choice card example 

SCT conservation attribute Option 1 Option 2 Status quo 

Number of SCT 250 350 250 

Size of Natural Habitat Large Medium Small 

Frequency of SCT conservation 

campaign 
High Low Low 

Level of SCT institution Local Provincial Local 

Conservation fee ￥20 ￥5 ￥0 

Your Option  √  

3.3.4. Sampling and Implementation 

According to Pearmain et al.’s [51] study, face-to-face 

interviews constitute the most effective survey mode for 

any study involving complex stated preference exercises, 

including CEs, which could help build a rapport to 

facilitate better explanations and ascertain their 

understanding of the options presented. Hence, the data 

were collected through face-to-face interviews from June 

to September 2023 at Wangcheng Park. The duration for a 

typical interview was approximately 25 minutes, and it was 
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conducted at the location for the SCT sightseeing. The 

respondents were restricted to those more than 18 years old. 

Pretest and pilot tests were conducted before the final 

survey to test the estimated time, assess whether the 

questions and terminology were interpreted and clear, and 

estimate the quality of the data collected, etc. 

To determine the optimal sample size, this study follows 

Kanninen’s [52] rule of thumb for a CE survey, which is 

based on the minimum size depending on the number of 

attributes and their levels (N=500*L/[A*C]), where N 

represents the minimum sample size, L denotes the largest 

number of attribute levels, A is the number of options 

excluding the status quo and C is the number of choice sets 

for each block of the questionnaire. Accordingly, the 

sample size for the present study should be at least 250 

(500*5/[2*5]). Finally, 360 valid questionnaires were 

collected using a convenience sampling technique. 

4. Results and Discussion 

4.1. Descriptive Statistics 

Overall, 412 respondents were interviewed and only 360 

were valid and used in this study. Table 3 shows the 

descriptive results of the respondents. 

Table 3.  Sociodemographic analysis of the respondents 

Demographic Variable 
Percentage (%) 

(N=360) 

Nationality 
Chinese 99.4 

International 0.6 

Gender 
Male 41.4 

Female 58.6 

Age 

18-24 25.5 

25-34 29.2 

35-44 23.9 

45-54 15.0 

55 and above 6.4 

Education 

Primary school and below 0.6 

Junior high school 5.8 

Senior high school/Technical secondary school 20.8 

Undergraduate 45.0 

Postgraduate (Master) 24.5 

Postgraduate (PhD) 3.3 

Economic Variables 

Occupation 

Government/civil servant 6.4 

Professional & technician 22.8 

Common worker 20.6 

Businessman 9.2 

Student 22.5 

Housewife 5.8 

Retired 5.5 

Others 7.2 

Monthly income 

Less than ¥2000 21.1 

¥2001- ¥4000 7.2 

¥4001- ¥6000 21.9 

¥6001- ¥8000 29.8 

¥8001- ¥10000 11.1 

More than ¥10000 8.9 
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A total of 99.4% of the sample is Chinese, which is 

much greater than the number of international respondents. 

A factor that may explain why almost all the respondents 

were Chinese was the movement restrictions during the 

COVID-19 pandemic in China. The sample was composed 

of 58.6% females and 41.4% males. The proportion of 

males is lower than that of the Chinese population (51.1%) 

due to some sampling error of non-responses and personal 

reasons such that they refused to participate in the survey. 

More than half of the samples were in the 25-44 age range. 

More than two-thirds of the sample (72.8%) had 

received a high-level education, with an undergraduate 

degree (45.0%) or a postgraduate degree (27.8%). Only a 

small number of them (0.6%) held a primary education, 

which is consistent with the goals of the literacy campaigns 

conducted in China. In other words, most of the 

respondents who visited Wangcheng Park had a high level 

of education. 

The economic variables for the sociodemographic 

characteristics of the respondents included occupation and 

monthly income. For their occupations, 22.8% of them 

were professional and technician workers (i.e. doctors, 

teachers, etc.), followed by students (22.5%) and common 

workers (20.6%). Businessmen, government and civil 

servants, housewives, retired, and others comprised 9.2%, 

6.4%, 5.8%, 5.5% and 7.2%, respectively. The monthly 

income is divided into six groups, as shown in Table 3. 

Approximately 30% of them were in the high-income 

group (CNY6001- CNY8000), where CNY stands for 

Chinese Yuan, the official currency of China (¥). The 

percentages of respondents with incomes of less than 

CNY2000 and CNY4000-CNY6000 were equal. 

Traditionally, respondents who earn a large amount of 

money are positively inclined to pay a voluntary 

conservation fee. According to the study, 11.1% and 8.9% 

of the participants had high incomes in the range of 

CNY8000-CNY10,000 and above, respectively. 

4.2. Choice Experiment Results 

Four MXL models were developed, differing in their 

assumptions regarding the distribution of random 

parameters. The estimated results, obtained using Nlogit 6, 

are presented in Table 4 and Table 5. 

Table 4.  Results for MXL models with normal and log-normal 
distributions 

 Model 1-Normal Model 2-Log-normal 

Attribute Coeff. SE Coeff. SE 

Random Parameter 

NUMB2 1.29*** 0.12 0.17 0.13 

NUMB3 1.86*** 0.14 0.50*** 0.09 

HABT2 0.86*** 0.10 -0.19 0.16 

HABT3 1.42*** 0.12 0.27*** 0.10 

CAMP2 0.74*** 0.11 -0.37  0.29 

CAMP3 1.23*** 0.12 0.13  0.10 

LTCI2 0.96*** 0.12 -0.19  0.20 

LTCI3 0.67*** 0.11 -0.47*** 0.18 

Non-Random Parameter 

PRICE -0.17*** 0.01 -0.15*** 0.01 

Standard Deviation 

NUMB2 0.16 0.36 0.18 0.45 

NUMB3 0.78*** 0.18 0.33*** 0.11 

HABT2 0.26 0.31 0.01 3.68 

HABT3 0.76*** 0.19 0.33* 0.20 

CAMP2 0.36* 0.21 0.11 1.78 

CAMP3 0.22 0.22 0.03 1.08 

LTCI2 0.48** 0.19 0.22 0.68 

LTCI3 0.09 0.17 0.01 2.14 

Summary Statistics 

Log-likelihood (β) 
-1191.77 

0.397 

1800 

4001.00 

-1194.92 

0.396 

1800 

2423.8 

Pseudo-R2 

Observation 

AIC 

Note: ***, ** and * denote the 1%, 5% and 10% significance levels, 
respectively; SE: standard error 
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Table 5.  Results for MXL models with triangular and uniform 
distributions 

 Model 3-Triangular Model 4-Uniform 

Attribute Coeff. SE Coeff. SE 

Random Parameter 

NUMB2 1.29*** 0.12 1.27*** 0.11 

NUMB3 1.85*** 0.14 1.82*** 0.13 

HABT2 0.86*** 0.10 0.85*** 0.10 

HABT3 1.42*** 0.12 1.41*** 0.12 

CAMP2 0.74*** 0.11 0.73*** 0.10 

CAMP3 1.22*** 0.11 1.20*** 0.11 

LTCI2 0.96*** 0.12 0.93*** 0.11 

LTCI3 0.67*** 0.11 0.65*** 0.10 

Non-Random Parameter 

PRICE -0.17*** 0.01 -0.16*** 0.01 

Standard Deviation 

NUMB2 0.27 1.01 0.15 0.93 

NUMB3 1.87*** 0.42 1.21*** 0.28 

HABT2 0.61 0.76 0.28 0.60 

HABT3 1.87*** 0.45 1.25*** 0.31 

CAMP2 0.89 0.49 0.53 0.35 

CAMP3 0.54* 0.51 0.34 0.37 

LTCI2 1.15 0.45 0.68** 0.31 

LTCI3 0.22*** 0.42 0.12 0.30 

Summary Statistics 

Log-likelihood 

(β) 
-1191.43 -1192.06 

Pseudo-R2 0.398 0.397 

Observation 1800 1800 

AIC 2416.9 2418.1 

Note: ***, ** and * denote the 1%, 5% and 10% significance levels, 
respectively; SE: standard error 

Notably, all the signs of the estimated coefficients in the 

four MXL models are as expected. Specifically, the sign 

for nonprice attributes is positive and that for price 

attributes is negative, indicating that visitors are prepared 

to pay more at lower conservation fees. This result 

complies with the law of diminishing marginal utility. 

Besides, all the estimated coefficients were statistically 

significant at the 1% level, except for those in the MXL 

model with the log-normal distribution assumption. This 

finding is in line with those of several previous studies [20, 

38]. 

The MXL models with different distributional 

assumptions show slight differences in pseudo-R2 and 

log-likelihood values. In most cases, log-likelihood and 

pseudo-R2 are used as the rule of thumb to assess model fit 

[2]. Pseudo-R2 is defined as “Pseudo-R2=1-LLfull/LLnull 

(LLfull is the log-likelihood of the estimated model and 

LLnull is the log-likelihood of a model with only 

alternative-specific constants), which indicates how well 

the model explains the observed choices”. Values of 

pseudo-R2 between 0.2 and 0.4 suggest a relatively good 

model fit [53]. Therefore, the model fit seems to have good 

explanatory power in all the models with values of 0.397, 

0.396. 0.398 and 0.397, respectively. The MXL model with 

a triangular distribution has a better model fit as its 

pseudo-R2 has higher and lower absolute values of the 

log-likelihood. Furthermore, the Akaike information 

criterion (AIC) is a widely used measure for model 

selection, which is calculated as “AIC=-2(LL-K), where 

LL denotes the log-likelihood of the model and K 

represents the number of estimated parameters”. A lower 

AIC value indicates better model fitness [54]. The AIC 

values in Table 4 and 5 also demonstrate that the MXL 

model with a triangular distribution performs better. 

In addition, it is worth noting that the coefficients for all 

the attributes except Model 2 are statistically significant at 

the 1% level. Only three random variables in Model 2 are 

statistically significant at the 1% level. They are, 

respectively, NUMB3, HABT3 and LTCI3. Moreover, 

only NUMB3 and HABT3 share a positive expectation 

sign, while LTCI3 has a negative estimated coefficient. 

Furthermore, the significance of the estimated standard 

deviations proves the existence of preference heterogeneity 

[25]. Hence, this result suggests that visitors have different 

preferences for the same SCT conservation attributes, 

namely NUMB3 and HABT3, across the four models. 

However, the standard deviation also conveys preference 

heterogeneity for other attributes under different 

distributional assumptions, such as CAMP2 and LTCI2 in 

Model 1, CAMP3 and LTCI3 in Model 3 and LTCI2 in 

Model 4. 
In short, this result highlights the fact that the estimated 

coefficients are quite similar under normal, uniform and 

triangular distributions. In contrast, the log-normal 

distribution yields drastically different results in terms of 

the significance of the estimated parameters and standard 

deviations. Overall, different assumptions on the 

distribution can have a significant effect on the results of 

CE estimation. This finding is consistent with several prior 

studies [3, 20, 24, 28]. Interestingly, this finding 

contradicts the results of Zhong et al.’s [13] study, which 

reported that triangular, normal and log-normal 

distributions yielded consistent estimates. 

4.3. Willingness to Pay 

This study applied the Wald procedure, a statistical test 

commonly used to assess the significance of estimated 

parameters, to estimate visitors’ willingness to pay and the 

associated standard errors (SE). Table 6 reports the 

marginal WTP estimate and the corresponding standard 

error. 
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Table 6.  Marginal WTP estimates for MXL models 

Variables 

Model 1-Normal Model 2-Log-normal Model 3-Triangular Model 4-Uniform 

Coeff. 

(SE) 

Coeff 

(SE). 

Coeff. 

(SE) 

Coeff. 

(SE) 

NUMB2 
7.80*** 

(0.65) 

1.13 

(0.81) 

7.81*** 

(0.65) 

7.85*** 

(0.66) 

NUMB3 
11.21*** 

(0.71) 

3.24*** 

(0.52) 

11.20*** 

(0.71) 

11.23*** 

(0.71) 

HABT2 
5.21*** 

(0.60) 

-1.24 

(1.04) 

5.20*** 

(0.60) 

5.21*** 

(0.59) 

HABT3 
8.58*** 

(0.73) 

1.75** 

(0.70) 

8.58*** 

(0.72) 

8.66*** 

(0.72) 

CAMP2 
4.47*** 

(0.59) 

-2.42 

(1.88) 

4.47*** 

(0.59) 

4.49*** 

(0.59) 

CAMP3 
7.41*** 

(0.59) 

0.87 

(0.65) 

7.40*** 

(0.59) 

7.39*** 

(0.59) 

LTCI2 
5.78*** 

(0.62) 

-1.27 

(1.31) 

5.78*** 

(0.61) 

5.73*** 

(0.61) 

LTCI3 
4.04*** 

(0.59) 

-3.09** 

(1.21) 

4.03*** 

(0.59) 

4.01*** 

(0.59) 

Note: ***, ** and * denote 1%, 5% and 10% significance levels, respectively; SE: standard error. 

In Model 1, visitors expressed a positive attitude towards 

improving the status of SCT conservation. For example, 

they are willing to pay to increase the number of South 

China tiger to 450 (NUMB3) with an amount of CNY11.21, 

followed by improving the size of their natural habitat to 

the highest level (HABT3), increasing the frequency of 

SCT conservation campaigns and increasing the institution 

of SCT to a provincial level with CNY8.58, CNY7.41 and 

CNY5.78, respectively. 

In Model 2, only three attributes are significant. They are 

NUMB3 and HABT3 with positive signs and LTCI3 with a 

negative sign. With respect to the greatest WTP value, 

NUMB3 ranks first among all attributes (CNY3.24), which 

is similar to the other distributions. In addition, for the 

attribute NUMB3, the log-normal distribution shows a 

variance of more than 200% in the WTP values. 

Additionally, half of the attributes in Model 2 receive a 

negative WTP, indicating that visitors are not prepared to 

pay to improve the situation of SCT conservation. 

In Model 3 and Model 4, there are slight variations 

compared to the results of Model 1. For example, the 

attribute NUMB3 is the most preferred by visitors, with 

estimated values of CNY11.20 in Model 3 and CNY11.23 

in Model 4, followed by HABT3 (CNY8.58 in Model 3, 

CNY8.66 in Model 4), CAMP3 (CNY7.40 in Model 3, 

CNY7.39 in Model 4) and LTCI2 (CNY5.78 in Model 3, 

CNY5.73 in Model 4). Moreover, the relative importance 

of the preference rankings appears to be the same. In other 

words, visitors preferred to increase the SCT population in 

the future, followed by the size of the SCT natural habitat, 

the frequency of SCT conservation campaigns and the 

level of SCT conservation institutions. 

In summary, this demonstrates that the assumption of a 

normal, uniform and triangular distribution for the random 

parameters does not have a clear effect on the WTP 

estimates, which are sensitive to the log-normal 

distribution. This phenomenon may be caused by the 

property of restricting the nonnegative sign of the 

parameter in the log-normal distribution and the fixed price 

across the distribution. This finding agrees with the study 

conducted by Mohamad et al. [20], which focused on 

applying normal, log-normal, uniform and triangular 

distributions to examine their effects on welfare estimates. 

This issue has also been discussed in detail by Holmes et al. 

[36]. 

To sum up, it is clear how crucial model specifications 

with specific distributions are for estimating WTP values, 

especially compared with those derived from MXL models. 

However, determining the optimal model in light of the 

WTP values is obscure. Based on the model fit criterion, 

the pseudo-R2 values suggest that the MXL model with the 

triangular distribution appears to be better than the other 

MXL models. This finding is in accordance with those of 

several previous studies [13, 29, 35]. 

5. Conclusions 

This study utilized CE data to investigate how different 

distributional assumptions for random parameters in MXL 

models influence the estimation of visitors’ WTP for SCT 

conservation attributes. To this end, the present study 
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compared the values of goodness of fit, the significance of 

the attribute coefficients and the WTP estimates obtained 

from the MXL models with four types of distributions, 

namely normal, log-normal, uniform and triangular 

distributions. 

In summary, except for the log-normal distribution in the 

present study, different distributions do not appear to have 

a significant effect on the model fit, the significance of 

attribute coefficients and WTP estimates across all the 

attributes. Interestingly, in contrast to the other three 

distributions, the log-normal distribution yields a smaller 

number of attribute significance and substantially lower 

WTP values, which may arise from the logistic nature and 

the fixed price variable throughout the distribution. When 

it comes to the model fit, the log-normal distribution yields 

slightly less than the other distributions do. However, it is 

still in the range of 0.2-0.4, indicating a good model fit. In 

terms of mode fit, the triangular distribution outperforms 

the other models. 

Moreover, the empirical findings presented in this study 

can provide some important policy takeaways for SCT 

conservation policies. First, visitors are prepared to pay for 

SCT conservation attributes, regardless of the chosen 

distribution assumption, except for the log-normal 

distribution. Thus, since no conservation fee has yet been 

imposed, placing a voluntary fee on SCT conservation may 

be imperative. Second, with respect to the most preferred 

attribute and the greatest WTP values, NUMB3 is the 

preferred among the four MXL models. This indicates that 

increasing the SCT population to 450 is the most important 

target to be achieved. After all, it is necessary to restore 

SCT species before suitable and natural conservation areas 

can be identified. Therefore, it is necessary for 

policymakers to develop effective budget allocations based 

on visitors’ preferences to improve the critically 

endangered situation of SCT. 

Finally, from a methodological point of view, the 

present study conveys important information that the 

normal, uniform and triangular distribution assumptions 

for random parameters when developing the MXL models 

tend to yield similar means and comparable variances. 

Specifically, the triangular distribution appears to be 

superior, which supports the doubt on the rule of thumb 

“Normal distribution is the best in the MXL models”, and 

the log-normal distribution receives the least significance 

of attributes, which should be applied with caution in the 

future. It is, therefore, desirable to conduct more empirical 

studies to verify which distributional assumption is best. 

Furthermore, the MXL model with four distributions 

supports the existence of preference heterogeneity, which 

should be addressed in future studies. 
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