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DYHUDJH�����GHFUHDVH�LQ�GLHWDU\�DFU\ODPLGH�H[SRVXUH�IURP�SRWDWR�FKLSV�DQG�)UHQFK�IULHV�PDGH�IURP�ORZ�
DFU\ODPLGH�ELRWHFK�SRWDWRHV�UHODWLYH�WR�FRQYHQWLRQDO�SRWDWRHV�
$V�PXFK�DV�RQH�WKLUG�RI�GDLO\�IRRG�FDORULHV�FRQVXPHG�LQ�WKH�8�6��DQG�(XURSH�FRQWDLQV�GHWHFWDEOH�OHYHOV�RI
DFU\ODPLGH��0XFFL�DQG�$GDPL��������ZKLFK�KDV�GLUHFW�LPSOLFDWLRQV�IRU�GLHWDU\�IRRG�VDIHW\�DQG�WKH�HFRQRPLF
YLDELOLW\�RI�WKH�SRWDWR�LQGXVWU\��8QGHU�WKH�6DIH�'ULQNLQJ�:DWHU�DQG�7R[LF�(QIRUFHPHQW�$FW�RI�������3URSRVLWLRQ�����
WKH�&DOLIRUQLD�2gFH�RI�(QYLURQPHQWDO�+HDOWK�+D]DUG�$VVHVVPHQW�DGGHG�DFU\ODPLGH�DV�D�FDUFLQRJHQ�LQ������DQG
DJDLQ�DV�D�PDOH�GHYHORSPHQWDO�WR[LQ�LQ�������2(++$��������$V�SDUW�RI�WKH�VHWWOHPHQW�RI�D�EURDG������ODZVXLW
XQGHU�3URSRVLWLRQ����LQLWLDWHG�E\�&DOLIRUQLD
V�2gFH�RI�WKH�$WWRUQH\�*HQHUDO��PDQ\�UHVWDXUDQW�FKDLQV�DUH�QRZ
SRVWLQJ�DFU\ODPLGH�ZDUQLQJV�RQ�WKHLU�SUHPLVHV��2$*��������7KHVH�ZDUQLQJV�ZHUH�GHVLJQHG�WR�SURPRWH�SXEOLF
KHDOWK�DQG�PD\�UHGXFH�FRQVXPSWLRQ�RI�FRQYHQWLRQDO�SRWDWR�SURGXFWV��7KXV��LW�LV�HFRQRPLFDOO\�LQWHUHVWLQJ�WR
HVWLPDWH�FRQVXPHUVb�YDOXDWLRQV�IRU�FRQYHQWLRQDO�SRWDWRHV��SHUFHLYHG�E\�VRPH�WR�KDYH�ULVN�IURP�SRWHQWLDO
FDUFLQRJHQV�EXW�QR�ULVN�IURP�*(��DQG�ELRWHFK�SRWDWRHV��SHUFHLYHG�E\�VRPH�WR�KDYH�ULVN�IURP�*(�EXW�QR�ULVN�IURP
SRWHQWLDO�FDUFLQRJHQV���DQG�WKH�LPSDFWV�RI�LQIRUPDWLRQ�DQG�ODEHOLQJ�RQ�WKHVH�YDOXDWLRQV�
(DUO\�VWXGLHV�WKDW�XVH�HFRQRPLFV�H[SHULPHQWV�WR�H[DPLQH�WKH�HeHFWV�RI�LQIRUPDWLRQ�DQG�ODEHOLQJ�RQ�:73�IRU�IRRG
SURGXFWV�XVHG�PRUH�JHQHUDO�YHUVLRQV�RI�VHFRQG�SULFH�DXFWLRQV�ZLWK�UHSHDWHG�URXQGV��+RePDQ�HW�DO�������
0HQNKDXV�HW�DO��������6FKPLW]�HW�DO���������,Q�WKHVH�VWXGLHV��DXWKRUV�XVH�fIWK�SULFH�DXFWLRQV�WR�LQYHVWLJDWH�:73�IRU
EHHI�VWHDNV�LQ�VDPSOHV�IURP�/RV�$QJHOHV�DQG�'HQYHU��7KH�UHVHDUFK�FRQFHUQHG�WKH�HFRQRPLF�YLDELOLW\�RI�D�QHZ�EHHI
VWHDN�SDFNDJLQJ��LQ�DGGLWLRQ�WR�WKH�LPSDFWV�RI�GLeHUHQW�W\SHV�RI�LQIRUPDWLRQ��$SDUW�IURP�VLJQLfFDQW�LQIRUPDWLRQ
HeHFWV��WKLV�VHW�RI�VWXGLHV�fQGV�VLJQLfFDQW�HeHFWV�RI�LQFRPH��HPSOR\PHQW��KRXVHKROG�VL]H��IRRG�SURGXFW�DWWULEXWHV�
DQG�cDOO�QDWXUDOd�ODEHOV�RQ�:73�EHWZHHQ�WZR�IRRGV�ZLWK�GLVWLQFW�SDFNDJLQJ�
,Q�D�UHODWHG�VWXG\��+D\HV�HW�DO���������XVH�VHFRQG�SULFH�DXFWLRQV�WR�VWXG\�:73�IRU�PHDW�VDQGZLFKHV�ZLWK�YDU\LQJ
OHYHOV�RI�ULVN��$IWHU����URXQGV�RI�ELGGLQJ��VXEMHFWV�ZHUH�JLYHQ�LQIRUPDWLRQ�RQ�RQH�RI�fYH�IRRGERUQH�SDWKRJHQV��DQG
WKHQ�ELG�LQ�DQ�DGGLWLRQDO����URXQGV��7KH\�fQG�WKDW�WKDW�VXEMHFWV�SODFH�D�������SHU�PHDO�SUHPLXP�RQ�IRRG�VDIHW\
DQG�ZHLJK�WKHLU�RZQ�SULRU�EHOLHIV�DERXW�WKH�RGGV�RI�LOOQHVV�PRUH�KHDYLO\�WKDQ�QHZ�LQIRUPDWLRQ��6LPLODUO\��+D\HV�HW
DO���������DV\PPHWULF�HeHFWV�RI�LQIRUPDWLRQ�RQ�:73�IRU�LUUDGLDWHG�SRUN�VDQGZLFKHV��ZLWK�SRVLWLYH
LQIRUPDWLRQ�DERXW�LUUDGLDWLRQ�KDYLQJ�PXFK�OHVV�LPSDFW�WKDQ�QHJDWLYH�LQIRUPDWLRQ�
0RVW�FORVHO\�UHODWHG�WR�RXU�VWXG\�REMHFWLYHV�DQG�UHVHDUFK�PHWKRGRORJ\�LV�D�VHW�RI�VWXGLHV�XVLQJ�UDQGRP�QWK�SULFH
DXFWLRQV�WR�DQDO\]H�LQIRUPDWLRQ�HeHFWV�RQ�FRQYHQWLRQDO�DQG�*(�IRRG�SURGXFWV��+XePDQ�HW�DO��������5RXVX�HW�DO�
������+XePDQ�HW�DO��������&ROVRQ�HW�DO��������/DF\�DQG�+XePDQ��������,Q�WKH�fUVW�WKUHH�VWXGLHV��WKH�DXWKRUV
HVWLPDWH�WKH�LPSDFWV�RI�SUR�ELRWHFK��DQWL�ELRWHFK��DQG�WKLUG�SDUW\�YHULfDEOH�LQIRUPDWLRQ�RQ�FRQYHQWLRQDO�DQG
ELRWHFK�YHJHWDEOH�RLO��IUHVK�SRWDWRHV��DQG�WRUWLOOD�FKLSV��7KH\�fQG�WKDW�SDUWLFLSDQWV�GLVFRXQW�ELRWHFK�ODEHOHG�IRRGV
E\�����UHODWLYH�WR�FRQYHQWLRQDO�ODEHOHG�IRRGV��,Q�UHJUHVVLRQ�DQDO\VLV��WKH\�fQG�ODUJH�DQG�VLJQLfFDQW�HeHFWV�RI�DQWL�
ELRWHFK�LQIRUPDWLRQ��ZLWK�JHQHUDOO\�LQVLJQLfFDQW�HeHFWV�RI�VXEMHFW�GHPRJUDSKLFV��&ROVRQ�HW�DO���������KDYH�VLPLODU
fQGLQJV�LQ�H[SHULPHQWDO�DXFWLRQV�UHVHDUFK�RI�XVLQJ�*(�PHWKRGV�WR�HQKDQFH�WKH�QXWULWLRQDO�TXDOLW\�RI�EURFFROL�
WRPDWRHV��DQG�SRWDWRHV��/DF\�DQG�+XePDQ��������XVH�SDUWLDO�GDWD�IURP�RXU�H[SHULPHQW�WR�H[DPLQH�FRQVXPHU
GHPDQG�IRU�VXOfWH�IUHH�IUHVK�SRWDWRHV�DQG�IUHVK�SRWDWR�GLFHV�
7KLV�DUWLFOH�DSSOLHV�DQ�LQQRYDWLYH�DSSURDFK�WR�YDOXLQJ�DQG�FRPSDULQJ�LQIRUPDWLRQ�WUHDWPHQWV�RQ�D�IRRG�VDIHW\�ULVN�
DFU\ODPLGH��7KH�REMHFWLYH�LV�WR�HVWLPDWH�WKH�HeHFWV�RI�IRRG�ODEHOV�DQG�LQIRUPDWLRQ�WUHDWPHQWV�RQ�FRQVXPHUVb
YDOXDWLRQV�RI�ERWK�FRQYHQWLRQDO�DQG�ORZ�DFU\ODPLGH�ELRWHFK�SRWDWR�SURGXFWV��$GXOW�FRQVXPHUV�IURP�WKUHH�GLVWLQFW
DQG�GLVWDQW�8�6��FLWLHV�SDUWLFLSDWHG�LQ�DQ�H[SHULPHQW�XVLQJ�DQ�DXFWLRQ�PHWKRG��7KHVH�FLWLHV�ZHUH�LQ�,RZD��&DOLIRUQLD�
DQG�0DVVDFKXVHWWV��/DUJH�VFDOH�fHOG�FURS�DQG�VSHFLDOW\�FURS�SURGXFWLRQ�LV�D�VLJQLfFDQW�FRPSRQHQW�RI�WKH�,RZD�DQG
&DOLIRUQLD�HFRQRPLHV��7KH�DJULFXOWXUDO�HFRQRP\�RI�0DVVDFKXVHWWV�LV�UHODWLYHO\�VPDOOHU�DQG�WHQGV�WR�LQYROYH�DJUR�
WRXULVP�DQG�VPDOO�VFDOH�IDUPLQJ��7KXV��RXU�VDPSOH�FRQWDLQV�VLJQLfFDQW�UHJLRQDO�YDULDWLRQ�DQG�SRWHQWLDOO\�LPSRUWDQW
GLYHUVLW\�LQ�YLHZSRLQWV�DERXW�IRRG�VDIHW\�DQG�FRQVXPSWLRQ�RI�IRRGV�SURGXFHG�ZLWK�*(�LQJUHGLHQWV�
7KH�EDODQFH�RI�WKH�DUWLFOH�LV�RUJDQL]HG�DV�IROORZV��7KH�QH[W�VHFWLRQ�SURYLGHV�D�JHQHUDO�RYHUYLHZ�RI�WKH
H[SHULPHQWDO�GHVLJQ��LQFOXGLQJ�SDUWLFLSDQW�UHFUXLWPHQW�DQG�FKRLFH�RI�DXFWLRQ�PHWKRG��,Q�WKH�IROORZLQJ�VXEVHFWLRQV�
ZH�GHWDLO�WKH�VWHSV�XQGHUWDNHQ�E\�VXEMHFWV�LQ�D�W\SLFDO�DXFWLRQ�VHVVLRQ��SUHVHQW�WKH�HFRQRPHWULF�PRGHO��DQG
GHVFULEH�GHPRJUDSKLFV�DQG�RWKHU�FKDUDFWHULVWLFV�RI�RXU�VDPSOH��7KH�UHVXOWV�VHFWLRQ�SUHVHQWV�DQG�GLVFXVVHV
DYHUDJH�WUHDWPHQW�HeHFWV��$7(V��DQG�UHJUHVVLRQ�UHVXOWV��7KH�fQDO�VHFWLRQ�FRQFOXGHV��$OO�WDEOHV�DQG�fJXUHV�RI
UHVXOWV��LQFOXGLQJ�LQIRUPDWLRQ�SHUVSHFWLYHV�XVHG�LQ�WKH�H[SHULPHQW��DUH�FRQWDLQHG�DW�WKH�HQG�
8VLQJ�LQFHQWLYH�FRPSDWLEOH�ODE�DXFWLRQV�DQG�D�UDQGRP�VDPSOH�RI�VXEMHFWV��ZH�WHVW�IRRG�ODEHOLQJ�DQG�LQIRUPDWLRQ
HeHFWV�RQ�ZLOOLQJQHVV�WR�SD\��:73��IRU�FRQYHQWLRQDO�DQG�JHQHWLFDOO\�HQJLQHHUHG�SRWDWR�SURGXFWV�WR�UHGXFH
DFU\ODPLGH��5HODWLYH�WR�DQ�HQYLURQPHQWDO�JURXS�SHUVSHFWLYH��VFLHQWLfF�DQG�LQGXVWU\�LQIRUPDWLRQ�VLJQLfFDQWO\
LQFUHDVH�:73�GLeHUHQFHV��)RU�WKH�fUVW�WLPH��8�6��FRQVXPHUV�ZHUH�ZLOOLQJ�WR�SD\�SUHPLXPV�IRU�IRRG�VDIHW\�DFKLHYHG
XVLQJ�JHQHWLF�HQJLQHHULQJ�RI�SRSXODU�IRRGV�LQ�$PHULFDQ�DQG�(XURSHDQ�GLHWV��0RUHRYHU��VFLHQWLfF�DQG�LQGXVWU\
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Abstract 

 
A probable human carcinogen—acrylamide—was discovered about a decade ago to form 
naturally in potato products cooked at high temperatures. Using incentive compatible lab 
auctions and a random sample of subjects, we test food labeling and information effects on 
willingness-to-pay (WTP) for conventional and genetically engineered potato products to reduce 
acrylamide. Relative to an environmental group perspective, scientific and industry information 
significantly increase WTP differences. For the first time, U.S. consumers were willing to pay 
premiums for food safety achieved using genetic engineering of popular foods in American and 
European diets. Moreover, scientific and industry information can be used to nudge consumers 
towards improved decision making and health. 
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safety. 
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Introduction 

A relatively new foodborne risk has been discovered in starchy foods cooked at high 

temperatures. Varying amounts of acrylamide have been found in many carbohydrate-rich foods 

cooked at high temperatures (Tareke et al. 2002; Mottram et al. 2002). This includes potato 

products cooked at high temperatures. Baked potatoes, potato chips, French fries, and hash 

browns frequently contain relatively high concentrations of acrylamide.1 Roasted coffee beans, 

baked breads and cookies, and other foods with high levels of asparagine (an amino acid) and 

certain sugars also contain acrylamide (Bethke and Bussan 2013).  

Acrylamide has been classified as a toxin and potential carcinogen based on the results of 

several medical studies (Garland and Patterson 1967; JECFA 2011; Naruszewicz et al. 2009; 

Nixon et al. 2012; Shiraishi 1978). This research uses clinical, epidemiological, and laboratory 

data, but most are laboratory studies of rats and mice that have been exposed to acrylamide. 

These studies have consistently found links between acrylamide exposure and the formation of 

cancers, benign tumors, and developmental defects. Other studies analyze the short-term effects 

of dietary acrylamide on human cancer risk. The International Agency for Research on Cancer 

designates acrylamide as “probably carcinogenic to humans (Group 2A)” (Lineback et al. 2012). 

Acrylamide is a stable compound formed from the Maillard chemical reaction (Mottram 

et al 2002). There is a general positive relationship between fry color, chip color, and acrylamide 

content, holding water volume fixed. Growing factors, storage conditions, other field 

management practices, and processing attributes affect the potential for acrylamide to form 

(Bethke and Bussan 2013).2 The potato industry is targeting many of these aspects to mitigate 

1 Raw, boiled, and steamed potatoes do not contain acrylamide. 
2 Acrylamide concentrations in potatoes vary widely as a function of reducing sugar content and cooking 
temperatures, though concentrations in chips and fries are 100-1000 μg kg-1 and 100-700 μg kg-1, respectively. U.S. 
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health concerns. Recent biotechnology (biotech) solutions include gene silencing to reduce 

asparagine and sugar content (Bethke and Bussan 2013). One leading food company has 

currently achieved lower levels of acrylamide-forming potential using genetic engineering (GE) 

than with changes in field and storage management and processing methods. Moreover, the U.S. 

Food and Drug Administration (US-FDA) has expressed that GE could be, currently, the most 

effective solution for acrylamide reduction (US-FDA 2016). Tran et al. (2016) estimate an 

average 65% decrease in dietary acrylamide exposure from potato chips and French fries made 

from low-acrylamide biotech potatoes relative to conventional potatoes. 

As much as one-third of daily food calories consumed in the U.S. and Europe contains 

detectable levels of acrylamide (Mucci and Adami 2009), which has direct implications for 

dietary food safety and the economic viability of the potato industry. Under the Safe Drinking 

Water and Toxic Enforcement Act of 1986 (Proposition 65), the California Office of 

Environmental Health Hazard Assessment added acrylamide as a carcinogen in 1990 and again 

as a male developmental toxin in 2011 (OEHHA 2014). As part of the settlement of a broad 2005 

lawsuit under Proposition 65 initiated by California's Office of the Attorney General, many 

restaurant chains are now posting acrylamide warnings on their premises (OAG 2008). These 

warnings were designed to promote public health and may reduce consumption of conventional 

potato products. Thus, it is economically interesting to estimate consumers’ valuations for 

conventional potatoes (perceived by some to have risk from potential carcinogens but no risk 

from GE) and biotech potatoes (perceived by some to have risk from GE but no risk from 

potential carcinogens), and the impacts of information and labeling on these valuations. 

per capita use of white potatoes in 2013 is approximately the same as in 1980, about 115 lbs., but the share going to 
processed foods increased from 53% to 69% (Institute of Medicine, 2015). 
 

3 
 

                                                            



 Early studies that use economics experiments to examine the effects of information and 

labeling on WTP for food products used more general versions of second-price auctions with 

repeated rounds (Hoffman et al. 1992; Menkhaus et al. 1992; Schmitz et al. 1993). In these 

studies, authors use fifth-price auctions to investigate WTP for beef steaks in samples from Los 

Angeles and Denver. The research concerned the economic viability of a new beef steak 

packaging, in addition to the impacts of different types of information. Apart from significant 

information effects, this set of studies finds significant effects of income, employment, 

household size, food product attributes, and “all natural” labels on WTP between two foods with 

distinct packaging. 

 In a related study, Hayes et al. (1995) use second-price auctions to study WTP for meat 

sandwiches with varying levels of risk. After 10 rounds of bidding, subjects were given 

information on one of five foodborne pathogens, and then bid in an additional 10 rounds. They 

find that that subjects place a $0.70 per-meal premium on food safety and weigh their own prior 

beliefs about the odds of illness more heavily than new information. Similarly, Hayes et al. 

(2002) asymmetric effects of information on WTP for irradiated pork sandwiches, with positive  

information about irradiation having much less impact than negative information. 

 Most closely related to our study objectives and research methodology is a set of studies 

using random nth-price auctions to analyze information effects on conventional and GE food 

products (Huffman et al. 2003; Rousu et al. 2007; Huffman et al. 2007; Colson et al. 2011; Lacy 

and Huffman 2016). In the first three studies, the authors estimate the impacts of pro-biotech, 

anti-biotech, and third-party verifiable information on conventional and biotech vegetable oil, 

fresh potatoes, and tortilla chips. They find that participants discount biotech-labeled foods by 

14% relative to conventional-labeled foods. In regression analysis, they find large and significant 
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effects of anti-biotech information, with generally insignificant effects of subject demographics. 

Colson et al. (2011) have similar findings in experimental auctions research of using GE 

methods to enhance the nutritional quality of broccoli, tomatoes, and potatoes. Lacy and 

Huffman (2016) use partial data from our experiment to examine consumer demand for sulfite-

free fresh potatoes and fresh potato dices. 

This article applies an innovative approach to valuing and comparing information 

treatments on a food safety risk, acrylamide. The objective is to estimate the effects of food 

labels and information treatments on consumers’ valuations of both conventional and low-

acrylamide biotech potato products. Adult consumers from three distinct and distant U.S. cities 

participated in an experiment using an auction method. These cities were in Iowa, California, and 

Massachusetts. Large-scale field crop and specialty crop production is a significant component 

of the Iowa and California economies. The agricultural economy of Massachusetts is relatively 

smaller and tends to involve agro-tourism and small-scale farming. Thus, our sample contains 

significant regional variation and potentially important diversity in viewpoints about food safety 

and consumption of foods produced with GE ingredients. 

The balance of the article is organized as follows. The next section provides a general 

overview of the experimental design, including participant recruitment and choice of auction 

method. In the following subsections, we detail the steps undertaken by subjects in a typical 

auction session, present the econometric model, and describe demographics and other 

characteristics of our sample. The results section presents and discusses average treatment effects 

(ATEs) and regression results. The final section concludes. All tables and figures of results, 

including information perspectives used in the experiment, are contained at the end. 
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Materials and Methods 

Experimental design: synopsis  

Three organizations were employed to sample participants for our experiments that 

occurred during April and May, 2014. Iowa State University’s Survey and Behavioral Research 

Services (SBRS) developed the initial procedures for participant recruitment. Households were 

randomly contacted to assess interest from eligible individuals to participate in a food-related 

project by Iowa State University researchers. Recruiters sought adults between 18 and 65 years 

of age who could follow directions, write in English, and arrive on a specific date at the 

experiment site. Potential subjects were told that the research sessions were about food 

preferences, similar to an auction. They were also informed that they would receive $65 for 

about an hour of their time. Willing adults were asked to choose from among three starting times. 

They were told that there would be a follow-up letter with directions to the lab site and with a 

reminder of the time and location.  

SBRS recruited the sample for the Des Moines area, beginning with a set of random 

telephone numbers. In Des Moines only, willing participants were also allowed to suggest the 

name of another friend or family member who might be willing to participate. For recruitment of 

participants in Boston and Los Angeles, we employed two marketing research companies – 

Answer Quest and Focus & Testing. Answer Quest randomly sampled from its subject pool of 

60,000 adults in the Boston area, while Focus & Testing randomly sampled from its subject pool 

of 100,000 adults in the Los Angeles area. These individuals had been part of one or more prior 

private research projects (e.g., focus groups) but had not previously participated in university 

research involving experimental auctions. Recruitment in these cities was similar to recruitment 

in the Des Moines area, except that participants were not allowed to offer contact information of 
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other possible recruits. We also targeted 60-percent female samples in Los Angeles and Boston 

in order to match the gender ratio of the U.S. grocery store shopper population.3 

Laboratory auctions have become a preferred research method for assessing consumers’ 

willingness-to-pay (WTP) for new food products (Lusk and Shogren 2007). A Vickrey second-

price auction is an auction in which the highest bidder pays the second highest price. It 

eliminates the winner’s curse of over-bidding and performs well when there is a single winner 

(Shogren et al. 2001).  The random nth price auction has been shown to be superior in many food 

auctions. In this auction, the winners are those that bid strictly higher than a random n lying 

between 2 and the number of subjects in the auction, say k (Shogren et al. 2001; Lusk and 

Shogren 2007). The random nth-price auction is superior to the second-price auction for 

revealing private valuations when bidders have diverse food preferences for new goods. Also, it 

permits multiple winners. This is because in the random nth-price auction every participant has a 

positive probability of being a winner.4  

 The potato products included in our experiments are a 5 lb. bag of Russet potatoes, 12 oz. 

bag of classic-cut potato chips, and 2 lb. bag of frozen French fries. We offer a diverse set 

because the experiment had high fixed costs and subjects can have diverse preferences.5 Each 

product has two technology types: conventional and low-acrylamide using biotechnology. At the 

time of the experiment, these low-acrylamide biotech products had not been deregulated for 

3 Female subjects comprise 71% of the Des Moines sample, slightly larger than the percent of women in the U.S. 
grocery shopper population. In our full sample, 62% are women. 
4 The second-price auction somewhat outperforms the random nth-price auction when a single winner is needed but 
is less suitable for our analysis of the underlying distribution of WTP for potato products. 
5 It is unlikely that the potato products used in the experiments are strong substitutes or complements. Given that the 
commodities serve different purposes and differ according to preparation and convenience, understatements or 
overstatements of WTP arising from relatedness in consumption is implausible (Rousu et al. 2008). 
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commercial sale.6 One company had low-acrylamide biotech potato products under development 

and in late-stage regulatory approval, and they agreed to provide us with correctly-labeled 

display products. All subjects were told at the end of each auction session that only one type of 

potato product was available to take home—the conventional type. 

There are two kinds of information presented to subjects in the experiment: food labels 

(two) and information treatments (six). The commodities are packaged in transparent plastic 

rather than commercial packaging, which tends to be non-transparent. The conventional products 

have a plain label that describes the product and net weight. The low-acrylamide biotech 

products have labels describing the product, including “low acrylamide” wording, net weight, 

and the phrase “Product Made Using Biotechnology.” These labels are on the front of each 

product's packaging (Figure 1).  

Following Rousu et al. (2007) and Colson et al. (2011), we develop three diverse 

perspectives related to potato products. These perspectives are 1) an industry perspective on 

using biotechnology to reduce acrylamide levels in food products, 2) a scientific perspective on 

health risks of acrylamide exposure, and 3) an environmental groups (negative) perspective on 

biotechnology. Each perspective has the same three general headings (General Statement, 

Nutrition and Health, and Environmental Impacts and Food Security). The total length of each 

perspective is limited to one 8.5x11 sheet of paper to reduce the probability of subjects feeling of 

information overload. 

These three information perspectives were used to construct six information treatments: 

(1). industry perspective only, (2). scientific perspective only, (3). environmental group 

6 These biotech potatoes were deregulated on November 7, 2014. The InnateTM 1.0 biotech potato is resistant to 
black-spot bruising, will not brown when cut and exposed to air, and has low sugar content and acrylamide-forming 
potential (O’Connell 2014). 
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perspective only, (4). industry and scientific perspective, (5). industry and environmental 

perspective, and (6). scientific and environmental perspective. The order of perspectives is 

randomized within experimental packets containing two perspectives. In order to reduce burden 

and session length, no subject received a treatment comprised of all information perspectives. 

Statements in the perspectives were adapted from medical research, government reports, 

websites, information from anti-biotechnology advocacy groups, and non-governmental 

organization (NGO) reports. Information about harmful acrylamide exposure used in the 

scientific perspective are from medical journal articles and government reports (Garland and 

Patterson 1967; JECFA 2011; Naruszewicz et al. 2009; Nixon et al. 2012; Shiraishi 1978). 

Certain statements in the industry perspective are adapted from the J.R. Simplot Company's 

website, www.simplot.com, and Rasmussen et al. (2013). Sentences in the environmental group 

perspective are based on claims from the Non-GMO Project's website, www.nongmoproject.org, 

and Antoniou et al. (2012). All information perspectives were pretested and revised before being 

used in the experiment. 

The experimental design introduces randomness at several levels. First, participants are 

recruited randomly. Second, they are randomly assigned to a packet containing the instructions, 

questionnaires, and information treatment. Third, they are alternately assigned to one of two 

concurrent sessions at each starting time. Fourth, the order of bidding on products across four 

rounds of bidding is randomized (e.g., we randomly select the order of conventional versus 

biotech products). Fifth, we randomly select one of the two rounds of bidding on conventional 

products as the binding round. This randomized design permits simpler identification of 

treatment effects and eliminates the need to correct for sample selection (Lusk and Shogren 

2007; List 2009). 
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Steps in each experiment session 

Figure 2 depicts the steps of the auction sessions. After arriving at the experimental site, 

participants sign an informed consent sheet. Once agreeing to participate, adults receive an ID 

number and are randomly assigned to one of two concurrent sessions and a packet (random 

assignment to treatment).7 They then complete the pre-auction questionnaire. Questions in the 

pre-auction questionnaire relate to demographics, previous knowledge about biotech foods, non-

biotech foods, and acrylamide, and health (subjective risk perception of developing cancer and 

current level of hunger). While completing the pre-auction questionnaire, we hand out a $65 

participation fee and have participants sign a receipt. 

After the pre-auction questionnaires are completed, session monitors announce that 

subjects will be participating in an experimental auction and explain how the auction works. 

Subjects are told that they can win at most one unit of each auctioned product in the experiment. 

They are allowed and encouraged to ask questions for clarification at this point in the session. 

We next have one of two practice rounds after answering questions. The first practice round 

teaches participants about the auction methods. The second practice round introduces 

participants to bidding jointly on three items. The item in the first practice round is a ceramic 

mug. Subjects are asked to come to the front of the room in single file, view the mug, return to 

their seats, and write down their bids on a bid sheet. The session monitor and assistant then 

collect and rank the bids, draw the random n, and identify winners. We then give a short quiz to 

check for understanding of the auction rules. Participants are given four to five minutes to finish 

the quiz, followed by a review and explanation of the answers. In the second practice round, 

7 Unless there are special circumstances, subjects arriving together are put in different sessions. There were only two 
instances of this. These subjects were asked to not sit next to each other. 
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subjects place three bids at one time on a notepad, binder, and a package of pens. Bids for the 

three items are sorted and displayed, and “winner” IDs are presented. 

There are four separate rounds of bidding on the three potato products after completion of 

the practice rounds. Similar to the practice rounds, participants are asked to come to the front of 

the room, view the products, return to their seats, and write their bids on a bid sheet. Participants 

are not allowed to pick up the products. After collection of bid sheets, participants are given ten 

minutes to read their assigned information treatment.8 Participants then bid on a separate set of 

products, and bid sheets are collected. The only posted bids are those for the binding type 

(conventional) in the binding round at the end of the auction. Note that participants bid on 

different sets of products across the four rounds. However, both sets of conventional products 

have identical packaging, labeling, and appearance, as do both sets of biotech products. 

Participants are then asked to fill out the post-auction questionnaire. We ask about 

monthly purchases, weekly consumption, and household inventories of potato and potato-related 

products. Additional questions concern health-related indicators and participants’ level of 

understanding and agreement with the information perspectives. 

The binding round, random n, winning prices, and winning IDs are only revealed in the 

final stage of each session. Participants are told that only conventional products are available for 

the winners. For budgeting purposes, we randomly choose the binding conventional round and 

random n before the experiments. After entering bids for the binding round into a spreadsheet, 

the bids for all products are projected at the front of each session’s room, and participants watch 

the session monitor rank the bids and reveal the winning IDs. Winners are then directed to a 

8 So that outside information does not confound out experiment’s information treatments, we do not answer 
questions related to information content. We also state that subjects will have either one or two pages of 
information. 
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“stockroom” to purchase the won item(s), and questionnaires are quickly checked to ensure 

completion prior to each participant’s departure. 

Data Analysis Methods, Econometric Model, and Data 

We conduct the main empirical investigation by using regression analysis of WTP 

differences. Prior to regression analysis, we estimate average treatment effects resulting from 

subjects’ receiving randomly-assigned information. For a given product, the ATE is estimated as 

the mean bid post-information less mean bid pre-information for subjects in a given information 

treatment. Since we have random assignment to treatment, subjects’ unobservables are balanced 

across treatments. This random assignment is the instrumental variable allowing identification of 

treatment effects (List 2009). 

The econometric model exploits within-individual WTP differences (which can be 

positive, zero, or negative): WTP post-information treatment less WTP pre-information 

treatment. It also differences out subject-specific unobservables. The econometric model for 

WTP differences is: 

𝐵𝐵𝐵𝐵𝐵𝐵𝑖𝑖,𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝐺𝐺𝐺𝐺 𝑃𝑃𝑝𝑝𝑝𝑝 − 𝐵𝐵𝐵𝐵𝐵𝐵𝑖𝑖,𝑝𝑝𝑝𝑝𝑝𝑝𝐶𝐶𝑝𝑝𝐶𝐶𝐶𝐶 𝑃𝑃𝑝𝑝𝑝𝑝 = 𝒛𝒛𝒊𝒊′𝜽𝜽𝟏𝟏 + 𝑰𝑰𝑰𝑰𝒊𝒊′𝜹𝜹𝟏𝟏 + 𝑳𝑳𝑰𝑰𝒊𝒊′𝜷𝜷𝟏𝟏 +  𝜇𝜇1,𝑖𝑖              (1) 

𝐵𝐵𝐵𝐵𝐵𝐵𝑖𝑖,𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝
𝐺𝐺𝐺𝐺 𝐹𝐹𝑝𝑝𝐹𝐹 − 𝐵𝐵𝐵𝐵𝐵𝐵𝑖𝑖,𝑝𝑝𝑝𝑝𝑝𝑝

𝐶𝐶𝑝𝑝𝐶𝐶𝐶𝐶 𝐹𝐹𝑝𝑝𝐹𝐹 = 𝒛𝒛𝒊𝒊′𝜽𝜽𝟐𝟐 + 𝑰𝑰𝑰𝑰𝒊𝒊′𝜹𝜹𝟐𝟐 + 𝑳𝑳𝑰𝑰𝒊𝒊′𝜷𝜷𝟐𝟐 +  𝜇𝜇2,𝑖𝑖           (2) 

𝐵𝐵𝐵𝐵𝐵𝐵𝑖𝑖,𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝
𝐺𝐺𝐺𝐺 𝐶𝐶ℎ𝑖𝑖𝑝𝑝 − 𝐵𝐵𝐵𝐵𝐵𝐵𝑖𝑖,𝑝𝑝𝑝𝑝𝑝𝑝

𝐶𝐶𝑝𝑝𝐶𝐶𝐶𝐶 𝐶𝐶ℎ𝑖𝑖𝑝𝑝 = 𝒛𝒛𝒊𝒊′𝜽𝜽𝟑𝟑 + 𝑰𝑰𝑰𝑰𝒊𝒊′𝜹𝜹𝟑𝟑 + 𝑳𝑳𝑰𝑰𝒊𝒊′𝜷𝜷𝟑𝟑 +  𝜇𝜇3,𝑖𝑖 .          (3) 

In specification (1)-(3) above, 𝒛𝒛𝒊𝒊′ is a vector of demographic, location, and other subject-specific 

controls for person i, 𝑰𝑰𝑰𝑰𝒊𝒊′ are indicator variables for information treatments, 𝑳𝑳𝑰𝑰𝒊𝒊′ are indicators of 

the Boston and Los Angeles sites interacted with information treatments, and 𝜇𝜇.,𝑖𝑖 is a normally-

distributed error. The term 𝐵𝐵𝐵𝐵𝐵𝐵𝑖𝑖,𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝐺𝐺𝐺𝐺 𝑃𝑃𝑝𝑝𝑝𝑝 − 𝐵𝐵𝐵𝐵𝐵𝐵𝑖𝑖,𝑝𝑝𝑝𝑝𝑝𝑝𝐶𝐶𝑝𝑝𝐶𝐶𝐶𝐶 𝑃𝑃𝑝𝑝𝑝𝑝 is the WTP for biotech potatoes post-

information treatment less WTP for conventional potatoes pre-information. This is analogous to 

analyzing information impacts in markets shifting from conventional potatoes to low-acrylamide 
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biotech potatoes, which is likely to be important in light of recent deregulation. Econometric 

estimates of the 𝜹𝜹 parameters measure the information treatment effects, though they must be 

considered in conjunction with the 𝜷𝜷 estimates of interaction terms. Given the distance across 

markets and viewpoints about biotechnology and food safety that can vary geographically, we 

expect the impacts of information to be distinct in Boston and Los Angeles relative to Des 

Moines. This motivates our inclusion of the interaction terms. 

One complication with the WTP data is that some zero bids are truncated at zero. That is, 

subjects preferred to bid a negative amount but felt constrained to bid zero. In principle, 

consumers with negative WTP would require a subsidy to take home the product. Other zero bids 

are legitimate bids without truncation, i.e., zero was the preferred bid (Maddala 1983). Thus, the 

WTP differences in equations (1)-(3) are censored for some observations. To incorporate 

censoring, a general version of a differenced Tobit model is developed to account for multiple 

sources of truncation of WTP at zero. 

 Based on location of zeros in the bids, there are four censoring cases. Case 1: both bids 

are positive. The dependent variable is uncensored. Case 2: the post-information bid is zero (i.e., 

the subject preferred to bid a negative value but felt constrained to bid zero), and the pre-

information bid is positive. The true WTP difference is left-censored at the value of the pre-

information bid. Case 3: the post-information bid is positive and the pre-information bid is zero. 

The true WTP difference is right-censored at the value of the post-information bid. Case 4: both 

bids are truncated at zero because a subject preferred a negative value but bid zero instead. When 

WTP is zero, we do not know whether the observation is a sincere zero or a “constrained” zero.  

This estimation procedure is inefficient if WTP among potato products is jointly 

determined. Since participants are informed at the beginning of the experiments that they will be 
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bidding on fresh potatoes, French fries, and potato chips, this could condition them to think about 

their WTP simultaneously. We could impose cross-equation correlation of disturbances (Zellner 

1962), but the auction commodities differ greatly with respect to preparation times, convenience, 

and storage. Thus, we assume that valuations are formed independently. 

Data 

Our pre- and post-auction questionnaires provide information that results in a more 

detailed dataset than most experimental auction studies. This arises, in part, due to the literature’s 

limited knowledge of factors affecting consumers’ valuations of biotech foods containing 

consumer traits. We built on past food economics research, economic theory, and other 

considerations in choosing the questions to include in the questionnaires.9  

The pre-auction questionnaire solicits subjects’ demographic information, including age, 

gender, race, years of education, residential location, household size and income, and marital 

status. Also, participants are asked about their degree of knowledge about biotechnology, 

acrylamide, and food safety. The post-auction questionnaire consists of several related questions, 

including frequency of exercise. 

There are 304 participants in the total sample: 101 from Des Moines, 106 from Los 

Angeles, and 97 from Boston. Mean number of participants per session is 16.9. Four participants 

had missing data, so the sample size for our analysis is 300. This implies an average number of 

participants per treatment of 50 (300/6). Of these observations, there are 3 double-zero bids for 

potatoes, 9 double-zero bids for French fries, and 6 double-zero bids for potato chips.10  

9 A consultation with the ISU Department of Statistics also provided assistance on sampling, question arrangement, 
and question wording in the questionnaires. 
10 Nearly 4.7% of the potato bids are single-zero bids, and 5.7% of the French fry bids and potato chips bids are 
single-zero bids. The number of single-zero bids represents the maximum number of possible censored bid 
differences.  
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 The average age of the participants is 43 years, living with one other adult in the 

household, and having a per-person annual pre-tax income of $28,550.11 Approximately 42% 

and 49% of the participants were at least somewhat informed about biotech and non-biotech food 

products prior to the experiment. Note that 75% of the sample exercises at least twice per week. 

Indicator variables for the city in which the sessions occurred control for location-specific 

effects, e.g., cost of living and local food cultures. In general, there is ample variability in subject 

demographics, particularly in per-person incomes and previous knowledge of biotech and non-

biotech food products (see Table 1).12 

Results and Discussion 

Mean bids by commodity and information treatment.  

 Table 2 presents average bids across the three products and two technology types before 

and after subjects view their randomly-assigned information treatment. Since each subject bids 

on all products before information and again after receiving information, we can compute 

average treatment effects for each information treatment. We first perform t-tests of the null 

hypothesis that the mean of bid differences are zero between the biotech and conventional 

products prior subjects receiving an information treatment. We cannot reject the null hypothesis 

at the 5% significance level for potatoes (t-statistic = -0.27), French fries (t-statistic = 1.15), and 

chips (t-statistic = -0.12). Therefore, we find no evidence of systematically different average bids 

for the biotech products relative to the conventional products before introduction of information 

perspectives. Since the only perceptible difference among the goods is the packages’ labels, this 

suggests there is no labeling effect on average WTP. 

11 Annual incomes are entered as the midpoint of the income bracket chosen by the respondent. 
12 The sample is 76% white. This likely stems from the eligibility requirement that subjects be able to read and write 
English. Although our sample is quite diverse, our results generalize mainly to the population of English-speaking 
U.S. grocery shoppers. 
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 For subjects receiving the treatment with only the industry perspective (panel A, table 2), 

the mean bid on the conventional potatoes pre-information is $2.49 and $2.24 post-information, 

leading to a -$0.25 ATE (significant at the 1% level). Similarly, the mean bid for conventional 

French fries is $2.19 per-information and $1.98 post-information, which gives a -$0.21 ATE  

(significant at the 5% level). All other ATEs for those receiving the industry-perspective-only 

treatment are insignificant. 

 All ATEs for those receiving the treatment with only the scientific perspective (panel B, 

table 2) are significant at the 10% level or better. Among the biotech products, ATEs range in 

$0.38-$0.55, with WTP for biotech potatoes increasing from $2.34 to $2.88, WTP for biotech 

French fries increasing from $2.41 to $2.73, and WTP for biotech chips increasing from $2.09 to 

$2.47. In contrast, ATEs for conventional products are negative, though somewhat smaller in 

magnitude, ranging between -$0.25 and -$0.30. After receiving the scientific-perspective-only 

treatment, WTP for conventional potatoes decreases from $2.68 to $2.38, WTP for conventional 

French fries decreases from $2.40 to $2.15, and WTP for chips decreases from $2.16 to $1.87. 

 Subjects receiving the treatment with only the environmental perspective groups’ 

perspective (panel C, table 2) have ATEs that are relatively large, negative, and significant at the 

1% level for the three biotech products. For biotech potatoes, average WTP decreases from $3.48 

to $2.22 (-$1.26 ATE), while for biotech French fries and chips, the average WTP decreases 

from $3.10 to $2.02 (-$1.08 ATE) and from $2.54 to $1.75 (-$0.79 ATE), respectively. The 

ATEs for conventional products among subjects receiving this treatment are insignificant.  

 ATEs for those receiving the industry and scientific perspectives (panel D, table 2) are all 

significant at the 10% level or better. For the biotech products, the ATEs range in $0.38-$0.47 

(all significant at the 10% level), and represent average WTP increases from $2.54 to $2.98, 
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$2.30 to $2.68, and $1.93 to $2.40 for biotech potatoes, French fries, and chips, respectively. 

Average WTP for conventional products decrease by $0.21-$0.24 after subjects receive this 

treatment. That is, average WTP decreases from $2.57 to $2.33 (potatoes), $2.36 to $2.13 

(French fries), and $2.06 to $.185 (chips). 

 For subjects receiving the industry and environmental groups’ perspectives, only ATEs 

for the biotech products are significant. For biotech potatoes, average WTP decreases from $2.35 

to $2.07, an ATE of -$0.28 (significant at the 10% level). For biotech French fries, average WTP 

decreases from $2.40 to $1.95, an ATE of -$0.45 (significant at the 5% level). For biotech chips, 

the -$0.22 ATE (significant at the 10% level) reflects a decrease in average WTP from $1.87 to 

$1.65. Last, note that none of the ATEs for those receiving the scientific and environmental 

groups’ perspective are significant. This suggests that the positive information about 

bioengineering in the scientific perspective cancels out the negative information about biotech 

crops in the environmental groups’ perspective. 

Regression analysis of bid differences and effects of information.  

 Our regression results of WTP differences corroborates the findings from hypothesis tests 

of significant ATEs. Importantly, these results extend the analysis from the previous subsection 

by accounting for potentially significant subject-specific controls and geographically-varying 

information effects, while removing unobserved subject heterogeneity. 

 Turning to the results in column 1 of table 3, we find generally significant impacts of 

information treatments on WTP for biotech potatoes post-information less conventional potatoes 

pre-information, either in level terms or through their interactions with experiment location. 

Those receiving the treatment with only the scientific perspective had a WTP difference $1.16 

higher relative to those receiving only the environmental groups’ perspective. Those receiving 
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both the industry and scientific perspectives had a higher relative WTP difference for potatoes of 

$1.07, with those in Boston experiencing a combined effect of $2.78 ($1.07 + $1.71). The 

treatment with only the industry perspective and the treatment with the scientific and 

environmental groups’ perspectives are only significant when interacted with the Boston 

indicator. Among these subjects, the WTP difference for potatoes (relative to those receiving 

only the environmental groups’ perspective) is $1.61 and $2.67 larger, respectively. However, all 

subjects in Boston have a reduced WTP difference for potatoes of $1.17 relative to subjects in 

the Des Moines area. 

 Subjects in Los Angeles do not have systematically different WTP differences for 

potatoes relative to subjects in the Des Moines area. The impacts of information treatments also 

do not significantly interact with the Los Angeles location, and all demographic variables are 

insignificant at the 10% level. However, those who exercise regularly have a WTP difference for 

potatoes that is decreased by $0.50 relative to those who do not exercise regularly. 

 In the regression of WTP differences for French fries, we find that those receiving only 

the scientific perspective have an increased WTP difference of $1.22 relative to those receiving 

only the environmental groups’ perspective. By itself, the treatment with only the industry 

perspective is insignificant. However, those receiving this treatment have an increased WTP 

difference of $1.19 or $1.28 if they are in Los Angeles or Boston, respectively. Further, the 

relative impact of the treatment with the industry and scientific perspectives is $0.98 in level 

terms, but those subjects in Boston receiving the treatment have a combined relative WTP 

difference for fries that is $2.42 ($0.98 + $1.44). The effects of the remaining two treatments are 

insignificant in level terms but have positive interactions with the Boston location. Subjects in 

Boston have WTP differences for French fries that are $0.98 lower than subjects in the Des 
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Moines area. Among these subjects, the information treatments with the industry and 

environmental groups’ perspectives and the scientific and environmental groups’ perspectives 

increase the WTP difference by $1.34 and $1.98, respectively. 

 Similar to the regression of the WTP differences for potatoes, many of the effects of 

information interacted with the Los Angeles size indicator are insignificant. Demographic 

variables also tend to be insignificant, though subjects who regularly exercise have a WTP 

difference for French fries that is $0.37 larger relative to subjects with less active lifestyles.  

 In contrast to the analyses for potatoes and French fries, regression results of WTP 

differences for chips indicator information treatments tend to be less significant or insignificant 

in some cases. In level terms, the impacts of the scientific perspective and combined industry and 

scientific perspective are $1.03, and the latter interacts significantly with the Boston location 

($0.89). As in the analysis of WTP differences for French fries, the industry information is only 

significant among subjects in Los Angeles, whose relative WTP difference for chips increases by  

$1.28. Similarly, the treatment with the scientific and environmental groups’ perspectives only 

has a significant effect among subjects in Boston. 

 Interestingly, subject demographics play a more important role in explaining WTP 

differences for chips. The post-information GM premium for chips increases with subjects’ age 

up to 38 years. Moreover, an additional adult in the household increases the WTP difference by 

$0.17. Similar to results for potatoes and French fries, subjects who exercise frequently have a 

decreased WTP difference for chips of $0.35. One reason why information treatments have 

relatively less influence and subject demographics have relatively more influence is that chips 

are a pre-processed snack food eaten primarily for convenience. Distinct from raw potatoes and 

frozen (uncooked) French fries, acrylamide levels in chips cannot be influenced by consumers. 
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Conclusion 

Acrylamide is a probable carcinogen in humans and forms naturally in potatoes and 

potato products that have been cooked at high temperatures. This has been a concern of the U.S. 

potato industry in recent years. Proposition 65 in California requires a public notice to be 

displayed at businesses selling foods with acrylamide. Thus, there is substantial interest in the 

introduction of potato products with decreased acrylamide concentrations. Using experimental 

methods, we test the effects of labeling and information on subjects’ WTP differences for 

conventional potato products and potato products using biotechnology to reduce acrylamide. 

  We find that consumers’ purchasing behaviors of potatoes and potato products are 

strongly influenced by information. From our analysis of ATEs, average WTP for biotech 

potatoes, French fries, and chips are not statistically significantly different from average WTP 

for these products prior to subjects viewing their randomly-assigned information. In other words, 

there is no evidence of a pure labeling effect on WTP for biotech products relative to 

conventional products. However, WTP for conventional products tends to decrease after 

information, on average. For the biotech products, ATEs are negative for those receiving only 

the environmental groups’ perspective, as well as for those receiving the treatment with the 

industry and environmental groups’ perspective. There are positive ATEs for the biotech 

products for subjects receiving the scientific perspective and the treatment with both the industry 

and scientific perspectives. 

From our regression analysis, we find those receiving the industry perspective, scientific 

perspective, industry and scientific perspectives, industry and environmental groups’ 

perspectives, and scientific and environmental groups’ perspectives have sizeable and 

significantly larger WTP relative to those who only receive the environmental groups’ 
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perspective. By itself, the largest increase in relative WTP for all potato products occur after 

consumers receive only the scientific perspective. However, we find significant interaction 

effects of information with experiment location. On the whole, subjects in Boston have relatively 

lower WTP differences for potatoes and French fries, but this is mediated by type of information 

received. Subjects’ demographics have low power in explaining relative WTP for potatoes and 

French fries, though they are somewhat more important in explaining WTP differences for chips. 

 In late July, 2016, a national bioengineered food disclosure standard became legally 

binding in the U.S. The provisions of this national law direct the USDA to decide what food 

manufacturers must label and which ingredients will be considered GE foods within two years of 

enactment. Importantly, the law does not stipulate use of stringent wording, such as “made with 

GE ingredients.” Rather, the disclosure is a text, symbol, or electronic or digital link with a 

disclosure option chosen by the food manufacturer. There are also reasonable accommodation 

options for manufacturers of foods with small or very small packages. The national standard 

supersedes all state labeling laws, including labeling legislation in Vermont that recently went 

into effect, but it does not address current voluntary labeling efforts by some food manufacturers 

(Public Law 114-216, 2016). Although we found no evidence of a simple labeling effect on 

subjects’ WTP for biotech potato products relative to conventional products, combinations of 

labels and information are likely to substantially influence consumers’ valuations for foods using 

biotechnology to reduce dietary acrylamide exposure. 

 There are two primary limitations of our study. First, subjects in our experimental 

auctions did not have the option to win and take home low-acrylamide biotech potatoes, though 

they were informed of this prior to the conclusion of each session. This would have been a 

desirable feature of the experimental design, especially if some subjects were inadvertently 
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disappointed with not being able to consume the new potato products. Second, our experimental 

design did not permit us to retain direct contact with participants after the experiments. Given the 

recent deregulation and commercialization of low-acrylamide biotech potatoes, it would have 

been desirable to follow up with subjects to determine if (or to what extent) their valuations for 

these products has been influenced by recent market events. 

 Our research methodology and results offer several opportunities for future research. 

First, it would be interesting to determine if consumers’ objective level of knowledge about the 

use of GE methods in foods (rather than subjective understanding) has a significant impact on 

WTP for such foods. Developing a more objective measure of consumers’ biotech understanding 

could be a potentially useful innovation. Second, how well consumers understand and 

incorporate new information, such as those contained in our information treatments, may 

correlate strongly with WTP for foods made from various processes. That is, in-depth 

understanding of information, rather than mere exposure to information, could have substantial 

and long-lasting effects on WTP. To the extent that this can be tested in an experimental setting, 

it could be a fruitful area for further research. Third, it would be useful to examine the effects of 

“authority” on consumer WTP for biotech foods, holding information context fixed. Some 

consumers may be more willing to believe and incorporate information from objective sources or 

perhaps from interested parties that confirm their previously-held beliefs. 
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Fig. 1   Commodity Labels: Conventional (left) and Low-Acrylamide (right) 
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Fig. 2   The Flow of Subject Activities in the Experiments 
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Subjects arrive at site, 
receive and sign informed 

consent sheet, receive 
packet and ID, and are 

assigned to a room. 

Subjects are paid $65, 
sign a receipt, and 

complete pre-auction 
questionnaire. 

Explanation of the 
random nth-price auction. 

Practice Round 1:  
Bidding on mug. 

Short quiz to test 
understanding of auction, 

with discussion of 
answers. 

Practice Round 2: Bidding 
on notepad, binder, 

package of pens. 

Rounds 1 and 2 of  
bidding on commodities. 

Subjects read one of six 
information treatments. 

Industry perspective 

Scientific perspective 

Environmental group 
perspective 

Industry and scientific 
perspective 

Scientific and 
environmental perspective 

Industry and 
environmental perspective 

Rounds 3 and 4 of  
bidding on commodities. 

Subjects complete  
post-auction 

questionnaire. 

Monitor states that only 
conventional commodities 
are available for winners, 
resolves the auction, and 

directs winners to the 
stockroom. 
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Table 1   Summary Statistics for Bid Differences and Regressors (N=300) 

 
 
 
 
 
 
 
 
 
 
 
 

Variable Mean St. Dev. Min Max 
Dependent Variable     
GM Pot Bid Post – Conv Pot Bid Pre ($) -0.13 1.67 -13.95 6.00 
GM Fry Bid Post – Conv Fry Bid Pre ($) -0.13 1.39 -11.55 4.50 
GM Chip Bid Post – Conv Chip Bid Pre ($) -0.08 1.17 -8.32 4.70 
     
Information Treatments     
Industry Perspective 0.19 0.39 0 1 
Scientific Perspective 0.18 0.38 0 1 
Environmental Groups’ Perspective 0.16  0 1 
Industry and Scientific Perspectives 0.17 0.38 0 1 
Industry and Environmental Groups’ Perspectives 0.15 0.36 0 1 
Scientific and Environmental Groups’ Perspectives 0.15 0.34 0 1 
     
Subject Demographics     
Age (years) 42.82 14.08 18 65 
Age2 (years) 2,031.04 1,191.22 324 4,225 
Per capita income ($ thousand) 28.55 19.53 1.50 112.50 
Adults in household (integer) 2.08 0.85 1 6 
Previously informed about biotech food products  (0-1) 0.42 0.49 0 1 
Previously informed about non-biotech food products  (0-1) 0.49 0.50 0 1 
Exercises regularly (0-1) 0.75 0.43 0 1 
     
Experimental Design     
Los Angeles location (0-1) 0.35 0.48 0 1 
Boston location (0-1) 0.32 0.47 0 1 
Des Moines location (0-1) 0.33 0.47 0 1 
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Table 2   Mean Bids for Subjects and Average Treatment Effects, Excluding Double-Zero Bidsa 

a For the right-hand column of Average Treatment Effects (ATEs), we perform a one-sample, two sided t-test of the 
null hypothesis of a zero ATE. For each of the six types of products across the six treatments, we test whether or not 
the mean of the bids pre-information minus the mean of the bids post-information equals zero. Significance is 
denoted as *p<0.1, **p<0.05, and ***p<0.01. 

Commodity Type N Mean Min Max Mea
 

Min Max Average Treatment 
Effects (ATE)   Before Information After Information 

A. Industry-only perspective  
GM potatoes 56 2.51 0.20 6.00 2.51 0 7.00 $0.01 
Conv. potatoes 56 2.49 0.10 7.00 2.24 0 5.50 -$0.25*** 
GM French fries 53 2.55 0.01 6.99 2.35 0 7.00 -$0.20 
Conv. fries 54 2.19 0.01 5.00 1.98 0 4.00 -$0.21** 
GM chips 54 2.15 0.01 5.99 2.09 0 6.50 -$0.06 
Conv. chips 55 1.98 0.01 4.00 1.92 0 6.00 -$0.07 
B. Scientific-only perspective  
GM potatoes 54 2.34 0 10.99 2.88 0 13.99 $0.55*** 
Conv. potatoes 54 2.68 0.50 11.99 2.38 0 10.99 -$0.30* 
GM French fries 52 2.41 0 7.99 2.73 0 11.99 $0.32* 
Conv. fries 53 2.40 0.01 9.99 2.15 0 8.99 -$0.25* 
GM chips 52 2.09 0 5.00 2.47 0 8.99 $0.38** 
Conv. chips 52 2.16 0.45 7.99 1.87 0 6.00 -$0.30** 
C. Environmental-only perspective  
GM potatoes 52 3.48 0.25 11.00 2.22 0 5.00 -$1.26*** 
Conv. potatoes 53 3.19 0.10 15.00 3.03 0.10 6.00 -$0.17 
GM French fries 52 3.10 0.15 12.00 2.02 0 8.00 -$1.08*** 
Conv. fries 52 3.02 0.02 12.00 2.75 0.10 9.00 -$0.27 
GM chips 53 2.54 0.10 8.00 1.75 0 5.00 -$0.79*** 
Conv. chips 54 2.46 0.20 9.00 2.29 0 5.00 -$0.17 
D. Industry and scientific perspectives  
GM potatoes 51 2.54 0.25 9.00 2.98 0.05 9.00 $0.43*** 
Conv. potatoes 51 2.57 0 6.00 2.33 0.01 6.00 -$0.24** 
GM French fries 50 2.30 0.10 8.00 2.68 0.05 7.00 $0.38*** 
Conv. fries 49 2.36 0.05 5.00 2.13 0.05 5.00 -$0.23* 
GM chips 51 1.93 0.15 6.00 2.40 0.05 6.00 $0.47*** 
Conv. chips 50 2.06 0.15 4.00 1.85 0.10 5.00 -$0.21** 
E. Industry and environmental perspectives  
GM potatoes 44 2.35 0.50 5.50 2.07 0 5.99 -$0.28* 
Conv. potatoes 44 2.28 0.25 5.00 2.68 0 9.00 $0.40 
GM French fries 43 2.40 0 6.99 1.95 0 5.00 -$0.45** 
Conv. fries 44 2.36 0.50 5.25 2.41 0 9.00 $0.04 
GM chips 43 1.87 0.25 4.00 1.65 0 5.00 -$0.22* 
Conv. chips 45 1.89 0 4.25 2.09 0 9.00 $0.21 
F. Scientific and environmental perspectives  
GM potatoes 38 2.25 0.01 5.00 2.05 0 10.00 -$0.20 
Conv. potatoes 39 2.21 0.01 5.00 2.47 0 8.10 $0.26 
GM French fries 37 2.12 0.01 6.00 1.89 0 6.00 -$0.24 
Conv. fries 38 2.02 0.01 7.00 2.03 0 5.00 $0.020 
GM chips 37 1.89 0.01 4.69 1.61 0 5.19 -$0.28 
Conv. chips 38 1.78 0.01 4.29 1.83 0 4.79 $0.06 
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Table 3   Estimates for model of censored WTP differences for potatoes, French fries, and chipsa 

 
 (1) (2) (3) 
 GM Pot WTP Post-Info –  GM Fry WTP Post-Info –  GM Chip WTP Post-Info – 
Dependent variable Conv Pot WTP Pre-Info Conv Fry WTP Pre-Info Conv Chip WTP Pre-Info 
    
Industry Information 0.119 0.203 0.027 
Scientific Information 1.157** 1.223*** 1.025*** 
Industry and Scientific Information 1.068* 0.982** 1.031*** 
Industry and Environmental Information 0.468 -0.145 0.193 
Scientific and Environmental Information 0.040 -0.036 -0.331 
    
LA site 0.111 -0.162 -0.092 
Boston site -1.165** -0.977** -0.566 
    
Industry Information * LA 1.186 1.192* 1.283** 
Scientific Information * LA -0.205 -0.231 -0.037 
Industry and Scientific Information * LA -0.152 -0.009 -0.375 
Industry and Environmental Information * LA 0.372 0.805 0.253 
Scientific and Environmental Information * LA -0.132 0.373 0.572 
    
Industry Information * Boston 1.610** 1.278* 0.834 
Scientific Information * Boston 0.939 0.655 0.427 
Industry and Scientific Information * Boston 1.705** 1.438** 0.891* 
Industry and Environmental Information * Boston 1.019 1.341* 0.495 
Scientific and Environmental Information * Boston 2.672*** 1.982*** 1.916*** 
    
Age 0.028 0.064 0.076** 
Age2 -0.000 -0.001 -0.001** 
Per-capita income -0.003 0.001 0.000 
Adults in household 0.127 0.064 0.166* 
Previously informed about biotech food products 0.229 -0.007 -0.095 
Previously informed about non-biotech food products -0.328 -0.324 -0.159 
Exercises regularly -0.496** -0.374** -0.346** 
    
Constant -1.286 -1.856* -2.165*** 
    
Observations 297                   291                     294 

a Significance is denoted as *p<0.1, **p<0.05, and ***p<0.01. The treatment containing only the environmental group’s perspective is the excluded information 
treatment. The Des Moines site is the excluded location.
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Fig. A1. Industry Perspective on Low Acrylamide Potatoes Using Biotechnology 
 

Please take a few minutes to read the following. 
An industry perspective on low acrylamide potatoes using biotechnology 

 
General Statement:  

• In 2002, acrylamide was discovered in foods containing certain natural sugars when cooked at high 
temperatures (above roughly 250° F), such as French fries, hash browns and potato chips. They are also 
formed in the baking of bread (crust) and cookies and roasting of coffee beans. 

• Acrylamide, a chemical compound, is formed in foods from naturally occurring sugars and asparagine (a 
building block of a protein). It is a toxin and possible carcinogen in humans. 

• Conventional plant breeding efforts have resulted in only small reductions of acrylamide in processed 
potato products.  

• In contrast, biotech methods have significantly reduced the acrylamide level in processed potato 
products, thereby improving food safety. 

• Biotech plant breeding methods take genes from one organism and transfer them to another. In new 
biotech potatoes, all genes come from wild and domesticated potato varieties. Hence, this biotech 
method has much in common with conventional plant breeding.  
 

Nutrition and Health:  
• Long-term, low-level intake of acrylamide by lab animals has been shown to create serious health 

problems. One study found that consuming conventional potato chips regularly for a month caused some 
health changes in humans.  

• Under Proposition 65, California requires certain restaurants, including Applebee’s, Chili’s, 
McDonald’s, Burger King, Wendy’s, and KFC, to post a warning stating that “cooked potatoes that have 
been browned, such as French fries, hash browns and baked potatoes, contain acrylamide, a chemical 
known to the State of California to cause cancer.” 

• A major biotech accomplishment has been the development of new potato varieties that have 
approximately a 70% reduction in acrylamide levels in processed potato products relative to 
conventional. 

• Biotech methods were also used to develop golden rice, which enhanced vitamin A content. Other 
opportunities exist for enhancing consumer attributes, such as, antioxidants and vitamins in food. 

• All Food and Drug Administration (FDA)-approved biotech-foods have been assessed to be 
substantially equivalent in nutrient content to conventional foods. As such, labeling in the U.S. is 
voluntary.  

• Biotech foods, relative to conventional foods, have similar low allergy potential.  
 
Environmental Impacts and Food Security: 

• Acrylamide is used in industrial processes to make paper, dyes, and plastics, but food and cigarette 
smoke are the two main sources of human exposure to acrylamide.  

• Commercial potatoes are grown from pieces of whole potato and not seed. In addition, many 
commercial potatoes are either sterile or not sexually compatible with wild potatoes. Hence, there is 
very low risk of biotech potatoes crossing with other potato varieties or other plants.  

• There are no adverse impacts on the environment of the new biotech potatoes. 
• In general, biotech crops have reduced the use of toxic insecticides and increased the use of other 

environmentally friendly farming practices.  
• Food security can be greatly improved with continued advancement and adoption of genetically 

modified crops. 
• Approval is being sought for biotech potato exports to Canada, Mexico, South Korea, and Japan. 
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Fig. A2. Scientific Perspective on Acrylamide Exposure 
 

Please take a few minutes to read the following. 
A scientific perspective on acrylamide exposure 

  
General Statement:  

• In 2002, acrylamide was discovered in foods containing certain natural sugars when cooked at high 
temperatures (above roughly 250° F), such as French fries, hash browns and potato chips.  Acrylamide is 
also formed in the baking of bread (crust) and cookies and roasting of coffee beans. 

• Acrylamide, a chemical compound, is formed in these foods from naturally occurring sugars and 
asparagine (a building block of a protein). 

• Compared to other foods in the American diet, French fries and potato chips are a major source of 
acrylamide.  

• The amount of acrylamide increases with longer frying or baking times and higher cooking 
temperatures. However, boiling, steaming, and microwaving potatoes produces negligible acrylamide.  

• Under Proposition 65, California requires certain restaurants, including Applebee’s, Chili’s, 
McDonald’s, Burger King, Wendy’s, and KFC, to post a warning stating that “cooked potatoes that have 
been browned, such as French fries, hash browns and baked potatoes, contain acrylamide, a chemical 
known to the State of California to cause cancer.” 

• However, the FDA has not advised people to stop eating these potato products. 
 
Nutrition and Health: 

• The International Agency for Research on Cancer (IARC) designates acrylamide as a “probable human 
carcinogen,” and the US National Toxicology Program classifies acrylamide as “reasonably anticipated” 
to be capable of causing cancer in humans.  

• The first health studies of acrylamide occurred in the 1960s and explored health hazards with on-the-job 
contact. Chronic exposure produces toxicity that weakens muscles and reflexes and leads to sensory 
loss. 

• Evidence from studies in the 1970s and 1980s advanced the linkages between cancer and acrylamide.  
• In a recent study, lab animals that consumed low doses of acrylamide placed in drinking water over a 

long period of time (roughly equal to annual acrylamide consumption of an adult) experienced gene 
damage.  

• Another study found that humans who consumed conventional potato chips daily for four weeks had 
higher incidence of early development of cardio-vascular diseases.  

• Additional studies suggest linkages between high acrylamide diets and development of breast cancer. 
High levels of acrylamide consumption by pregnant women have been associated with increased 
frequency of low birth weight babies. 

 
Environmental Impacts and Food Security: 

• Acrylamide is used in industrial processes to make paper, dyes, and plastics, but food and cigarette 
smoke are the two main sources of human exposure to acrylamide.  

• If the occupational and health risks associated with acrylamide were to be substantially reduced or 
eliminated, food security would improve, especially in the United States and some other developed 
countries where a majority of the population regularly consumes foods that contain acrylamide. 

32 
 



Fig. A3. Environmental Group Perspective on Biotechnology 
 

Please take a few minutes to read the following. 
An environmental group perspective on biotechnology 

 
General Statement: 

• Biotech plant breeding takes genes from one organism and places them into another. This process 
manipulates genes and alters genetic makeup and properties. The cutting of genetic material from one 
organism and inserting it into another is quite imprecise and can cause mutations. There has been 
inadequate testing of these products. 

• Biotech methods frequently use antibiotic-resistant gene segments in soil bacteria or viruses and transfer 
them into plants. This process is risky, leading to unanticipated outcomes.  

• Biotech plants are regulated by the federal government, but federal regulation relies heavily on data 
collected from field trials and other testing by the biotech industry. 

• Biotech seeds were first marketed to U.S. farmers in the mid-1990s, and rapid farmer adoption occurred 
in field crops (corn, soybean, cotton and canola). Later developments have been in papaya and 
vegetables (sugar beet, squash and potato). 

• In the United States, the sales of biotech foods have grown very rapidly. This growth is driven by self-
interested producers and marketers seeking to maximize crop yields and minimize production costs.     

 
Nutrition and Health:  

• Of the laboratory plants that are successfully modified to express the “right” traits, genetic engineers 
select among those that look strong, healthy, and capable of further breeding. There is poor screening to 
eliminate varieties that produce harmful substances or low nutrient quality. 

• New allergens are likely to be introduced into the food supply. 
• Early research reported some health problems in laboratory animals consuming first-generation insect- 

resistant potatoes. 
• Several scientific studies show that laboratory animals that have been fed biotech food developed one or 

more toxic effects on vital and/or reproductive organ functioning, relative to a control group. 
• A recent Canadian study found a common protein from insect-resistant corn in the bloodstream of 

pregnant women and their fetuses. Another recent study found that high concentrations of this protein 
resulted in severe damage to human embryonic kidney cells. 

• The nutritional content of biotech foods, relative to conventional foods, is variable.  
 

Environmental Impacts and Food Security: 
• Private companies are not capable of screening new biotech materials for every possible pathogen or 

environmental stress. Unnoticed and unsafe mutations could strike after the occurrence of extreme 
stress, such as plant disease outbreaks, droughts, floods, and heat waves. 

• New biotech crops may cross-pollinate with other plants and are likely to cause super weeds. 
• Some herbicides used on biotech crops diffuse into the air and leach into streams and waterways in some 

areas. These herbicides are toxic to amphibians (e.g., frogs, salamanders) and earthworms, which 
impacts bird populations.   

• Biotech crops are doing little to help international food security or relieve hunger in poor countries. The 
major biotech crops, corn and soybeans, are mainly used for animal feed, biofuels, and processed human 
food in developed countries.   
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