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Introduction
For many developing countries, little is known about the 

relative importance of the risk factors determining introduction, 
spread and maintenance of Highly Pathogenic Avian Influenza 
(HPAI) in commercial poultry production units. Quantification of 
those risk factors through classical epidemiological studies is often 
difficult for several reasons including data protection, logistics, 
poor record keeping by farmers, lack of cooperation, inability to 
control confounders under field situations and potential selection 
and misclassification bias. In this context, the systematic collection 
and analysis of opinions and experiences of indigenous experts may 
be highly valuable to fill the knowledge gaps. Expert opinion has 
been used to get insight into the epidemiology of various epidemic 
diseases of livestock [1]. Adaptive Conjoint Analysis (ACA) is one of 
the techniques available for elicitation of expert opinion.

At first, it was used for marketing research but later applied in 
a variety of fields like nuclear power industry, engineering, human 
medicine and to some extent also in veterinary medicine. Conjoint 
analysis has been used to evaluate the comparative risk and 
relevance of disease control options [2-12]. The survey technique 
has some advantages over traditional paper-based or personal 
interviews. First, ACA is administered via computer. This minimizes 
interviewer bias and facilitates data collection and management. 
The computer interface provides respondents a greater degree of  

 
anonymity [13] and prevents socio-psychological processes that 
influence a person’s opinion in a group situation [2].

The data may be collected over the internet which further adds 
speed, ease, economy in the survey process. Second, ACA focuses on 
the attributes that are most relevant to the respondent and avoids 
information overload by focusing on just a few attributes at a time. 
Moreover, its interactive format captures and holds the participants’ 
attention in a more powerful way. Thirdly, immediately upon the 
completion of the interview, the results are available for discussion 
and analysis. It is also possible to detect and exclude respondents 
with inconsistent answers [14]. To the best of my knowledge, the 
technique was never applied in the context of animal diseases in any 
developing country. This paper describes findings of an ACA study 
conducted in Pakistan. The main research question addressed was 
“which risk factors may be important in determining the incidence 
of HPAI on open house commercial (broiler and layer) chicken 
farms if HPAI virus enters and establishes itself in Pakistan?”

Materials and methods 
The conjoint model is a multi-attribute model, which assumes 

that consumers purchase products (e.g. an apple) based on the 
characteristics, or attributes, of the product (e.g. flavor), and that 
each attribute may have two or more levels (e.g. sweet, tart). 
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Abstract

This study used Adaptive Conjoint Analysis (ACA) to elicit opinion of veterinarians on risk factors for secondary out breaks of highly pathogenic 
avian influenza on open-sided chicken farms in Pakistan. A total of 21 risk factors (equivalent to attributes) were evaluated. Web-based ACA interview 
was administered to thirty-three local veterinarians. The response rate was 39%. Risk factors with highest mean relative importance were: short buffer 
distance between farms, entry of wild birds into poultry sheds visits of intermediaries and service providers, and sharing high- risk equipment. The 
paper provides a review of application of ACA as a tool for the elicitation of expert opinion in veterinary epidemiology. 
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The individual’s utility for a product concept can be expressed in 
a simple way as the sum of the utilities of its attributes [15]. An 
epidemic in an animal population also represents a multi-attribute 
phenomenon. Multiple risk factors “attributes” may have a variable 
impact in determining the incidence of any disease [2,4]. For 
example, the type of husbandry can be a risk factor for introduction 
of virus into a poultry holding [16]. In this example, the attribute 
“type of husbandry” has three levels, i.e. all-in-all-out (all birds 
enter together and leave together), all-in, gradual-out (all birds 
enter together but leave in separate batches over a period of time) 
and non-specific production system (new birds are introduced into 
the exiting flocks during production cycle). Bird collectors enter 
the farm once and at the end of production, therefore all-in-all-
out husbandry is the preferred method to reduce the likelihood of 
infection from live bird markets. 

A total of 21 risk factors were included in this survey and are 
given in (Table 1). The list of risk factors was created based on 
available literature and personal communication with local poultry 
consultants. At the farm level, the source of virus may be related to 
the area (i.e. location), pests, people, organic and inorganic items, 
therefore the risk factors were divided into four categories. Each 
risk factor was assigned two mutually exclusive levels named as 
level 1 and level 2 indicating its presence in two extreme scenarios, 
e.g. “location of farm close to a live bird market” versus “location of 
farm away from live bird market.” For the area-related risk factors, 
minimum distance standards were obtained from the literature 
[17,18]. 

Table 1: List of potential risk factors included as attributes in 
the adaptive conjoint analysis survey, and their corresponding 
sources

Category Attribute

Area Proximity to surface water body (≤ 10 km) [19-21]

Short buffer distance among the farms (≤ 3km) [22,23]

Location of farm close to main road (≤ 2) [20]

Place near the farm where organic wastes  (e.g. dropped 
feathers, droppings) from other poultry farms are 

disposed (≤ 1km) [24]

Distance to live bird market (≤ 1km) [25, 26]

Location of farm in urban area [27]

Pests High prevalence of rodent infestation [28]

Access of feral and wild animals into the farm [29]

Keeping backyard poultry or pet birds at farm [30]

Purchase of replacement stock (e.g. D) from a source with 
poor biosecurity [31]

Entry of wild birds into poultry sheds [32]

People Visits of intermediaries and service providers [33]

Involvement of relatives of worker with poultry 
production and /or marketing chain [32]

Contact of workers with other farmers (S. Sharif, personal 
communication , 18 June , 2009)

Visits of the owner to potential cross-contamination 
points e.g. poultry diagnostic laboratory, other farms, 

live bird market, office of the feed distributors  (S. Sharif, 
personal communication , 18 June , 2009)

Keeping at home of backyard poultry or pet birds  by 
workers (and / or owner)34

Organic 
and organic 

things

Use of feed contaminated before and /during  delivery 
[34]

Sharing equipment with other farms e.g. manure [33]

Purchasing poultry products from live bird market   (for 
use on farm) (S. Sharif, personal communication, 18 June 

, 2009)

Using water from untreated sources or surface

 water bodies without proper sanitization[35]

Admission of vehicles without cleaning and disinfection 
[34]

Figure 1: ACA ranking question. Level 1 and level 2 are two extreme scenarios in which the attribute “location of farm close to 
live bird market” may occur. Clicking the extreme right radio button indicates that the respondent considers “location of farm 
close to live bird market” as extremely important attribute for HPAI outbreak and vice versa. The respondent may check any one 
radio button to express his or her opinion.
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A separate ACA questionnaire was created for each category 
using ACA/web system version 6.4 (Saw tooth Software, Inc, 
Sequim, USA). Each questionnaire contained three sets of questions 
called ranking, paired-comparison and calibration tasks. I did not 
use the software option “rating task” as the hierarchy of the levels 
was already known. Number, scale and format of the questions were 
set according to the instructions given in the documentation of the 
software. Ranking questions were placed first in the interview and 
their intent was to assign a score to each risk factor on a seven-
point Likert scale. (Figure 1) illustrates a prototype ACA ranking 
question. A single question was asked for each attribute in the 
response of which the respondents had to compare high risk level 
(L1) with low risk level (L2) on the basis of its prevalence and 
ability to cause an outbreak [19-30]. 

The ranking questions were followed by a series of customized 
paired-comparison questions (conjoint task). In each paired 

question, the respondents had to trade-off between combinations 
of levels from two different risk factors as shown in (Figure 2). ACA 
is interactive in that it uses the information obtained from each 
new paired comparison to update utility estimates and to select the 
next pair of options. Utility measures become more precise as the 
interview proceeds. The software continues presenting the subject 
with paired comparisons until enough data have been collected 
to estimate utilities for each level of each attribute. Mathematical 
details of these calculations are available at and have been 
summarized in appendix C. The third and last type of questions 
asked in the ACA interview was calibration questions. The purpose 
of the questions was to determine the correlation coefficient in 
order to assess the level of consistency in the responses. A screen 
shot of ACA calibration question is given in (Figure 3). In each 
question, the respondents had to type a number between 0 and 10 
(inclusive) to indicate the risk of HPAI out break on a farm with a 
set of features. 

Figure 2: ACA paired comparison question. Combinations of levels from two different attributes are presented side by side. The 
software automatically selects those on the basis of similarities in utility (risk) score. The respondent has to trade off which 
combination is relatively more important.

Figure 3: ACA calibration question. Each question contains levels of up to 5 attributes. On a numeric scale from 0-10, the 
respondent has to give the combined importance of the combination of levels.” 0 “mean low where as 10 means “extremely high 
risk.

The respondents for this ACA survey were local veterinarians 
from Pakistan with at least five years experience in control 
and prevention of poultry diseases. An a priori list of potential 
respondents was not available. University teachers, field 
veterinarians from public and private sectors and animal health 

research workers were consulted to compile a list of 33 potential 
respondents for this survey. Most of the respondents were 
contacted directly. In a face-to-face discussion, the respondents 
were informed about the purpose of the survey and made familiar 
with the format of ACA questions. This was followed by an email 
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invitation which a link to the questionnaires. The answers to 
the questions were analyzed by Ordinary Linear Squares (OLS) 
regression using the ACA Sawtooth software. For each section, the 
respondents with correlation coefficients equal to or less than 0.8 
were excluded from the analysis [31-35].

Results 
Among the various sections of the interview, the response rate 

ranged between 24% and 39%. In total, 13 respondents participated 
in this survey. The respondents were university teachers, animal 
health researches, public sector and private veterinarians. Since 
the number of respondents in each category was quite low, I did 
not stratify them in the analysis. The median experience of the 
respondents was 20 years. The median time to complete various 
sections ranged from 10 to 17 minutes. Three respondents from 

two different sections (animals, organic and inorganic items) had 
to be excluded for low level of consistency in their answers. Overall, 
the level of consistency among the respondents was more than 
90%.

(Table 2) shows the relative importance of the risk factors 
ranked as first, second and third in each risk category. Risk factors 
with the highest mean relative importance were: short buffer 
distance among the farms (23.9% ± 10.6%), entry of wild birds into 
poultry sheds (21.9 % ± 4.8%), visits of intermediaries and service 
providers (21.2% ±7.1%), and sharing equipment with other 
farms (38.7 ± 7.2). The analysis of the survey results also revealed 
differences of opinion among the respondents as indicated by 
standard deviation. The risk factors showing the highest standard 
deviation in each category were

Table 2: Mean relative importance of attributes ranked as first, second and third within each risk category

Risk category Attribute (potential risk factor) Mean ± **SD

(*n)

Area [8] Short buffer distance among the farms 23.9±10.6

Place near the farm where organic wastes (e.g. dropped feathers, droppings) from 
other poultry farms are disposed (≤ 1km) 20.3± 6.7

Distance to live bird market (≤ 1km) 18.3±10.7

Animals [9] Entry of wild birds into poultry sheds 21.9±4.8

Access of feral and wild animals into the farm 20.7±12.3

Keeping backyard poultry or pet birds at farm 15.2±2.2

People [12] Visits of intermediaries and service providers 21.2±7.1

Contacts of owner or worker with other farmers 14.4±6.8

Visit of farm owner to potential cross contamination points 13.6±4.6

Organic and inorganic  vectors [7] Sharing equipment 38.7±7.2

Admission of vehicles without cleaning and  disinfection 33.9±13.1

Use of feed contaminated before /during delivery 14.4±12.6

*n= Number of interviews included in analysis, **Relative importance was calculated based on the difference between risk estimates of 
L1 and L2 of each attribute for each expert, ***SD = Standard deviation As risk factors within each risk category were weighted with 
respect to each other and independent of those belonging to other categories, the relative importance of a risk factor falling into one 
category cannot not be compared with that of risk factor belonging to any other risk category.

(i)	 presence of farm close to main road [± 11.5] 

(ii)	 access of feral and wild animals into farm premises [± 
12.6] 

(iii)	  involvement of relatives of worker with poultry 
production and /or marketing chain [± 9.7] and

(iv)	  use of feed contaminated before /or during delivery [± 
17.3] .

Discussion 
The findings of the survey appeared plausible and all the 

respondents showed a high level of consistency in their answers. 
For some risk factors, however, I observed high standard deviation 
which may be due to the small sample size, uncertainties associated 
with the disease or tendency of the respondents to select middle 
or end choices of Likert scale. Between 2003 and 2004, HPAI 

H7N3 caused serious losses to the poultry industry in Pakistan. 
Exaggerated messages in the media created havoc and shunted the 
public to non-poultry protein sources. HPAI is therefore a sensitive 
issue and still a matter of great concern to the government, industry 
and the community. This was one of the reasons for the reluctance 
of the respondents to participate in this survey. Another possible 
reason for the poor response rate appears to be lack of motivation. 
This might partially be overcome by providing incentives to the 
respondents or by collecting data during a workshop.

 As in all expert elicitation methods, the selection of appropriate 
experts to participate is vital. Selection of inappropriate, incapable 
or misrepresentative experts will compromise the process and 
therefore the opinion elicited [36]. Previously, experts have been 
selected for participation in expert elicitation procedures based 
broadly on their experience in the field of interest and professional 
criteria such as education, publication record and membership 
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of professional societies [37]. Under the conditions prevailing 
in Pakistan, feasible criteria for selection of expert panel may 
be experience in the field, willingness to participate in a survey 
and qualification. To get meaningful results, the knowledge of 
the veterinarians should be updated about the risk factors being 
considered. Inserting hyperlinks of the relevant publications in the 
questionnaire may be helpful in this regard.

 The limitations of this survey are inherent to those of small pilot 
projects and include small sample size and limited generalizability. 
Another limitation of this survey was the fact that I divided the 
attributes into categories. As the risk factors within each risk 
category were weighted with respect to each other and independent 
of those belonging to other categories, the relative importance of a 
risk factor falling into one category could not be compared with that 
of risk factor belonging to any other risk category. In future surveys 
using ACA, all the risk factors should therefore be considered 
together. In trade-off questions, combinations of levels from two 
or more attributes are presented side-by-side on the display of the 
computer. Ideally and technically, the respondents should consider 
the levels conjointly. The rank order of the risk factors may be 
distorted if the respondents subconsciously ignore some levels 
in decision making (B .McEvan, personal communication, June 6, 
2009).

Due to its computer interface, web-based implementation, and 
questionnaire format, ACA appears to be an attractive alternative 
to paper-and-pencil techniques for elicitation of expert opinion, 
however further research is required to prove its feasibility and 
validity. This can be accomplished by repeating ACA questionnaire-
based interviews twice on consistent respondents and by calculating 
Lin’s concordance correlation coefficient [38,39]. In general, expert 
opinions may have a high degree of uncertainty and be subjected to 
reporting bias depending upon the political, economic and social 
implications of the disease under consideration. Experts cannot 
provide accurate information on the actual impact of a risk factor 
on the incidence of any disease partially due to spatio-temporal 
instability of the risk factors; however, an unbiased expert opinion 
elicited may improve policy making in the absence of data of 
optimum quantity and quality. Expert opinion-based risk modeling 
using accurate methods may provide a mechanism of sharing 
experiences among HPAI-endemic countries and those, which are 
at-risk or naïve for the disease, without a breach in data privacy.
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