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Introduction
• The study compared  the BDM and the 

RCE in a field setting in Zambia

• Application: Consumer acceptance of a 
new maize variety biofortified (BF) with 
vitamin A

• The  yellow maize rejection  experience in 
the past, is one cause of uncertainty in 
acceptance 

• This required getting an insight of what 
demand will be like before introducing it to 
full scale 

• Necessary for pricing decisions and 
feedback to ongoing product development



Demand estimation options

Real Expts

Hypothetical

Ask subjects to state their WTP 
for a hypothetical good e.g CV, 
stated CE

-Non-binding choices often 
leading to bias

bids or choices with actual products 
and real money e.g., BDM, RCE, 
Vickrey auctions

- Choices/bids binding

-incentive compatibility

1.Revealed Preference 
Techniques Use data from Actual Market 

behavior

2. Nonmarket Valuation



Introduction: RCE
 Participants make choices in a series of scenarios

 Product attributes vary between scenarios

 One scenario randomly drawn as binding

 Advantage: The choice task similar to choices made in a market 
 Weakness: Individual WTP is not observable

Table 1. Choice set examples

Choice set White-Maize Yellow-Maize Orange-Maize Opt-out 
option

1 1200 1200 2000 None of these

2 1200 800 1200 None of these

- - - - -
- - - - -
16 1200 1500 1500 None of these



Introduction: BDM
 Not an auction per se but theoretically equivalent to 

2nd Price auction
 A subject submits a bid for a unit of a good

 Sales price is randomly drawn from a distribution

 If bid is higher than price, then the participant 
purchases one unit for the drawn price

 Bid=WTP

 Can be conducted with only one participant

 Lottery element?

 May not be easily understood by subjects



Motivation

 In theory the BDM and the RCE should yield similar WTP 
estimates 

 Not always the case in  practice  e.g., (Lusk & Schroeder, 2006; Gracia, et 
al., 2011; Banerji, et al., 2013)

 There’s no consensus on the best method in revealing true WTP 

 Voelkner (2006) attributes this to the latent nature of WTP 

 Validity assured only when observed estimates are similar to 
theory predictions or

 When valuation techniques yield similar estimates, 
 If not similar, one can observe if there are systematic differences 

and identify the sources (Banerji et al.2013)
 Understanding potential sources of differences is critical



Study aims 
 Explores the impact of four design issues on the WTP gap  

between the BDM and the RCE

1. Lexicographic behaviour in the RCE

 Consistently choosing the same attribute regardless of 
changes in other attributes 

 Often attributed to complexity or poorly designed 
experiment (attribute omission)

 Valid preferences not altered within ranges offered in 
the experiment (Killi et al. 2007)

2.     Repeated bidding   in the BDM

 Testing the “preference learning hypothesis” (Plott, 
1996) which predicts of stable preferences  with 
repeated market exposure 



Study aims 

3.    Experimenters’ effect in the BDM

 The BDM often considered complex to subjects, 
requiring experimenters providing repeated instructions 
or language translation (Morawetz et al. 2011; 
Whitting, 2002)

4.   Order-effects on bidding behaviour

 Effect of the order in which products are offered to 
subjects 

 Attributed to  learning or fatigue (Morawetz et al. 2011; 
Lusk & Shogren, 2007)

 Inability to detect differences in stimuli especially after 
testing a strong sample (O’Mahony, 1986) 



Hypotheses
 Determines whether WTP estimates elicited from the BDM and the 

RCE are equal, if not how design effects in each method affect the 
WTP gap

 Hypothesis 1. WTP means elicited from the two methods 
are equivalent.



 Null should not be rejected  as both experiments were 
incentive compatible

 Hypothesis 2. Design factors affected the differences 
between the two methods

 At least one of the design factors affected the differences



Conceptual Framework-BDM
 An individual states her WTP b, to receive a product. 

 Then a random price p is drawn from a distribution.

 If  p ≤ b then they get to buy the product  but if p ≥ b then they don’t 
get to buy



 P is unknown but can be defined by a CDF G(p) and PDF gi(p), 



The optimal bid, b*i : 
[ ]

max when bi =vi

 Model depends on distribution, given one cannot bid beyond zero 
a censored model of this form was expected 

 where; (Ԑ~N (0, σ2)



Conceptual Framework-RCE

 Lancaster (1966) & McFadden (1974) consumer and random utility theory 

 Consumer choices are guided by underlying product attributes

 Consumer will choose alternative j among k alternatives if  Uij is the 
largest of Ui1, Ui2... UiJ

 Utility according to McFadden (1974) can be modeled  as 
 Model specification depends on error distributional assumptions 
 i.i.d error with a gumbel distribution a conditional logit would be suitable 

where the

 =
 

 
same preferences (βi=βk, ∀ k)

 Alternative which relaxes this assumption is the mixed Logit 


∑

Heterogeneous preferences (βi≠βk, k)



Methods
 Data –Part of the larger data set described in Meenakshi et 

al(2012)

 Data from both the BDM and RCE were collected among rural 
households at central location without nutritional information 

 Choice models such as conditional logit or mixed logit were 
compared. 



 WTP=Price when Vij =0

 For bids, Censored regressions were used for data analysis





Sensory tasting Familiarize with new 
varieties

BDM RCE Determine  & compare 
WTP under alternative 
methods

Single 
bidding

10 bidding 
rounds

Methods: Experimental Procedure

Order 
effects

Experimenters’ 
effect

Repeated 
Bidding

Lexicographic
behavior

Determine Effects on 
WTP Gap



Results: Individual Characteristics

RCE BDM Difference (p-value)

Age (in 
years)

42.44 38.57 3.87 0.02

Gender 
(1=male, 
zero 
otherwise)

0.63 0.57 0.05 0.39

Marital 
status 
(1=married, 
zero 
otherwise)

0.82 0.87 -0.05 0.31

Education 
(in years)

8.37 8.25 0.12 0.73

Household 
size

8.59 8.69 -0.10 0.87

Asset-index 0.59 0.53 0.06 0.13



Results: BDM 

(Tobit) (CLAD) (SCLS)

Bid se se se
Household size 2.948   (7.415) -1.956  (13.378) 3.689  (4.374)

Age 10.88   (15.81) 3.933   (20.516) 5.381  (11.72)

Age-square -0.160  (0.187) -0.0909  (0.207) -0.0907  (0.125)

Male 140.1*  (80.39) 145.215*  (122.23) 125.5**   (63.18)

Education -11.53 (13.61) -13.899 (18.781) -10.06 (10.12)

Asset-index 8.752 (16.31) 20.775  (26.017) 4.306  (13.47)

Constant 1581.3***  (320.1) 1821.255*** (486.602) 1609.7*** (251.1)
Sigma constant 390.4***  (28.57)

Normality test- X2(1) 99.39***

Homoscedastic test- X2(1) 317.88***

Root-mean-square-error 254.81 229.03

Mean-prediction-error -109.87 -3.54x10-06

N 138 135 138

OA(20
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Results: RCE
(C- logit) (Mixed logit)

β Se β Se
Price-02 -0.2370*** (0.0263) -0.2840*** (0.0586)

Gender*white -0.0546 (0.3880) 0.8640 (0.8860)

Gender*yellow 0.3910 (0.3980) 0.9920 (0.9400)

Gender*orange 0.1600 (0.3850) 1.1390 (0.9780)

Education*white 0.0356 (0.0529) 0.4350*** (0.1630)

Education*yellow 0.0199 (0.0539) 0.1610 (0.1650)

Education*orang
e

-0.0293 (0.0521) 0.391** (0.1750)

Age*price-04 0.1880*** (0.0578) -0.2540* (0.1480)

Asset*price-03 -0.0252 (0.0820) -0.3010 (0.1850)

Age*white -02 0.0762 (1.7500) -0.1810 (5.6300)

Age*yellow 0.00295 (0.0176) 0.1540** (0.0601)

Age*orange-01 0.0968 (0.1770) 1.500** (0.6140)

Asset*white -0.305 (0.221) 0.4750 (0.4270)

Asset*yellow -0.314 (0.223) -1.0700*** (0.4070)

Asset*orange -0.272 (0.224) 1.8790*** (0.5130)



Results: RCE cont…

(C- logit) (Mixed logit)
β Se β Se

ASC
White-maize 4.609*** (0.846) 5.170*** (1.688)
Yellow-maize 3.839*** (0.854) -0.714 (1.928)
Orange-
maize 

5.297*** (0.850) 1.279 (2.128)

SD
Education*w
hite

0.377*** (0.0371)

Education*ye
llow

0.601*** (0.0549)

Education*or
ange

0.768*** (0.0709)

N 6848 6848
Log 
likelihood

-1630.61 -981.51  

AIC 3297.2 2005.0
BIC 3420.2 2148.5



Results: Comparison of WTPs- No design control

 WTP estimates from the RCE (2970.24 ZMK) are significantly 
higher than those from the BDM (1691.02) p<0.01

 Individuals behaved differently under the two experiments

 Gender affected bidding behavior in the BDM experiment with 
men more likely to submit higher bids than females

 Age , education (positively) and assets (negatively) influenced 
orange maize choices in RCE implying

 The older and more educated respondents were more likely to 
select OM while wealthier respondents less likely 

 OM more liked than conventional maize



Results: Accounting for Designs features -BDM
(1)

Repeated auctions
(2)

Order-effects
(3)

Experimenter’s-
effect

Bid b se b se b

Household size 4.36 (4.12) 2.52 (4.43) 1.34

Respondents’ age 3.91 (11.69) 4.10 (11.58) 16.82

Age square -0.07 (0.12) -0.08 (0.13) -0.22*

Gender 113.9* (61.69) 131.8** (58.91) 91.14

Education -10.40 (9.84) -16.27 (10.30) -11.59

Asset index 2.23 (13.24) 2.65 (13.33) 0.19

Repbids 118.9** (55.33) 282.1** (115.2) 151.9***

Order2 (yellow-white-orange) -52.45 (156.0)

Order3 (white-orange-yellow) 281.7** (128.3)

Order4 (white-yellow-orange) 271.3** (135.5)

Order5 (orange-white-yellow) 14.04 (146.8)

Order6 (yellow-orange-white) 192.7 (135.5)

Order2 x Repbid -30.99 (198.3)

Order3 x Repbid -373.7** (157.8)

Order4 x Repbid -303.7* (158.6)

Order5 x Repbid -5.34 (170.2)

Order6 x Repbid -348.9* (182.1)



Results: Accounting for Designs features –BDM cont..
(1)

Repeated auctions
(2)

Order-effects
(3)

Experimenter’s-
effect

Bid b se b se b se

Enum2 -230.4 (171.1)

Enum3 162.5 (139.9)

Enum4 -131.0 (180.7)

Enum5 130.8 (152.8)

Enum6 125.2 (155.8)

Enum7 264.6* (146.7)

Enum8 60.51 (180.4)

Enum9 59.18 (173.1)

Enum10 76.89 (164.6)

Enum11 69.56 (158.3)

Enum12 263.7* (150.7)

Enum13 152.4 (176.2)

Enum14 237.3 (151.1)

Enum15 165.1 (136.8)

Enum16 79.88 (164.0)

Constant 1561.3*** (254.1) 1514.6*** (265.6) 1235.5*** (286.4)

* p < 0.1, ** p < 0.05, *** p < 0.01 Reference order category is 1 
(orange-yellow-white)



Results: Accounting for Lexicographic behavior in the RCE
(No lexicographic preference control (Control-lexicographic preferences

)

Choice β Se β Se
Price.x10-02 -0.284*** (0.0586) -0.389*** (0.0358)

Gender*white 0.864 (0.886) 0.897 (0.703)

Gender*yellow 0.992 (0.940) 1.214 (1.097)

Gender*orange 1.139 (0.978) -0.123 (0.730)

Age*price.x10-03 -0.0254* (0.0148) -0.0075 (0.0077)

Asset*price x10-02 -0.0301 (0.0185) -0.0417** (0.0182)

Age*white -0.00181 (0.0563) -0.00137 (0.0357)

Age*yellow 0.154** (0.0601) 0.0867** (0.0442)

Age*orange 0.150** (0.0614) 0.0959** (0.0381)

Asset*white 0.475 (0.427) 0.194 (0.389)

Asset*yellow -1.070*** (0.407) -0.533 (0.485)

Asset*orange 1.879*** (0.513) 0.751 (0.457)

Education*white 0.435*** (0.163) 0.301*** (0.106)

Education*yellow 0.161 (0.165) 0.0798 (0.109)

Education*orange 0.391** (0.175) 0.0692 (0.0957)



Results: Accounting for Lexicographic behavior in the RCE
(1) (2)

Choice No 
lexicographic 
preference 

control

Standard-
errors

Control-
lexicographic 
preferences

Standard-
errors

SD
Education*whit
e

0.377*** (0.0371) 0.245*** (0.0396)

Education*yell
ow

0.601*** (0.0549) 0.500*** (0.0523)

Education*oran
ge

0.768*** (0.0709) 0.423*** (0.0498)

N 6848 6848
Log likelihood -981.51 -941.74
AIC 2005.0 1925.5
BIC 2148.5 2068.9
WTP(ZMK)
White 2430.98b 2163.40a 

Yellow 2003.48    1725.26

Orange 2970.24c 2378.19a



WTP after controlling Design Effects

 Controlling for Repeated bids significantly increased WTP in the 
BDM

 Controlling for lexicographic behavior reduced WTP in RCE with OM 
preferred the same way as WM

 Controlling for repeated bids in the BDM and Lexicographic 
behavior in the RCE reduced the WTP gap by half

 The gap remain statistically significant

RCE (mean ZMK) BDM (mean ZMK) Difference (p-value)

WTP
before

2970.24    1691.02 1279.22 0.00

WTP after 2378.19 1,746.68 631.51 0.00



Conclusions & Recommendations

 WTP estimates from the RCE are significantly higher 
than those from the BDM mechanism

 Repeated bidding in the BDM and controlling 
lexicographic behavior narrowed the WTP gap by 
half

 Lexicographic behavior overstated the WTP for 
orange maize

 Repeated bidding also eliminated the effect of 
different orders in which the maize varieties were 
tasted

 Therefore adequate training appear to be necessary 
in the BDM to attain valid estimates 



Conclusions & Recommendations

 Individuals behaved differently under the two 
mechanisms, gender affected bidding behavior while 
age affected choice behavior

 Incentives provided in the two mechanisms 
inadequate to fully explain choice/bidding behavior

 Though still unclear  as to why the two methods 
lead to different WTP estimates,  part of the reason 
could be due to design features

 Researchers therefore could be mindful of using a 
technique that minimizes the subjects’ mistakes in a 
valuation. 

 Alternatively providing training or recruiting 
participants who understand the valuation 
techniques could provide more reliable results

 This research inconclusive and could be repeated in 
larger samples


