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ABSTRACT 

Using Information Technology to Reduce a Health Risk: 

Effect of a Mercury Calculator on Consumer Fish Choices 

and Test of a Model for Technology Acceptance by Fish Consumers 

Sharon D. Wallace 

Trident University, 2012 

Research indicates consumers lack adequate information about the mercury content of 

fish to make informed choices about eating fish.  Information technology can be used to 

fulfill this unmet information need.  To examine this matter, a two-part study was 

conducted using a convenience sample of fish eaters.  Three-hundred forty-one 

participants responded to this on-line study.  The Theory of Planned Behavior served as 

the framework for a one-group, pre-test-post-test design to investigate the effect of a 

web-based mercury calculator on perceived behavioral control and simulated fish 

choices.  Results of McNemar tests showed a significant increase in the number of high 

knowledge participants after using the mercury calculator (p=.001) and a significant 

decrease in the number of participants who selected high mercury fish (p=.036).  Results 

of logistic regression showed perceived behavioral control was not predictive of making 

healthy fish choices.  Next, a cross-sectional design was used to collect data about fish 

consumers’ acceptance of the mercury calculator.  Using constructs from the Technology 

Acceptance Model, the model theorized the relationships among perceived ease-of-use, 

perceived usefulness, age, sex, education level, decision-making, and frequency of fish 

consumption on intent to use the mercury calculator.  Structural equation modeling 

(SEM) was used to test the model.  Findings showed significantly positive relationships 



 

between perceived ease of use and perceived usefulness, sex and perceived usefulness, 

decision-making and perceived usefulness, and perceived usefulness and intent to use the 

mercury calculator.  Findings suggest consumer health information technology can be 

used to reduce mercury exposure in consumers who eat fish.  This study also finds that 

fish consumers will accept using a web-based mercury calculator to reduce a health risk.   
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Chapter 1: Introduction 

 Fish is part of a healthy diet and an important source of omega-3 fatty acids. 

Omega-3 fatty acids are essential elements for development of the brain and nervous 

system (Bourre, 2007).  Additionally, scientists suggest omega-3 fatty acids play a role in 

reducing risk for heart disease (Wilson, 2004). The American Heart Association (AHA) 

Heart Healthy campaign advocates the benefits of omega-3 fatty acids and recommends 

increasing fish consumption to two or more servings per week to reduce cardiovascular  

risk (American Heart Association, 2010).  Individuals with coronary artery disease would 

need to consume a fatty fish meal each day to obtain about 0.9g/d which approximates 

the recommended level for omega 3-fatty acids (Levenson & Axelrad, 2006).   

 However, consuming even small quantities of fish is not without risk.  Fish 

consumption (eating fish and shellfish) is the primary mechanism for human exposure to 

methylmercury (MeHg), a well-documented, potent neurotoxin (Mergler, Anderson, Hing 

Man Chan, Manhaffey, Murray, Sakamoto, & Stern, 2007).  Less widely known findings 

show that over consumption of MeHg can negate the cardio-protective effects of omega-3 

fatty acids and may even be an independent risk factor associated with the development 

of cardiovascular disease (Levenson & Axelrad, 2006).  As a result, some health experts 

question if fish consumption recommendations and fish consumption advisories can be 

reconciled (Smith & Sahyoun, 2005). 

 “The idea that fish is both beneficial and harmful is difficult for many people to 

understand” (Wilson, 2004, p.977).  Further complicating this matter, advice about the 

benefits and risks of fish consumption can be confusing to consumers.  Generic consumer 

information is often inadequate to communicate fish consumption behaviors that are 
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associated with risk; yet more specific information can be difficult for consumers to 

remember or use effectively.  Making fish choices to reduce MeHg exposure depends on 

multiple factors involving MeHg level of fish species, portion size, frequency of meals, 

and individual body weight.  

 To make fish choices, consumers rely on information from media, including 

health websites, and health claims associated with product labeling.  For example, the 

AHA provides an informational prompt to consumers by labeling products with the AHA 

heart-check mark (2010).  Certain brands of canned tuna labels display the AHA heart-

check mark to identify it as a heart-healthy product.  Yet, most consumers would have 

difficulty discerning that canned tuna is an important source of MeHg and a less 

important source of omega-3 fatty acids.  Consequently, it is important that information 

available to consumers enables them to optimize the benefits of fish consumption while 

reducing risks.  

 The need to more effectively communicate information about fish choices is 

supported by the Institute of Medicine of the National Academies (2006).  In its report, 

the Institute of Medicine (IOM) identified the need for easy to use “tools for consumers, 

such as computer-based, interactive decision-support…that allows individuals to enter 

their own specific information and returns appropriate recommendations to guide their 

health actions … regarding seafood consumption” (pp.11-12).  A web-based mercury 

calculator can be used to meet this need.  An individual enters fish species, portion size, 

and body weight into the mercury calculator to estimate a percentage (%) of MeHg 

exposure based on recommended EPA reference dose (RfD) limits.  The calculator is an 



3 

 

 

easy to use tool to communicate risk information about individual fish consumption 

behaviors.  To this point in time, no research has been conducted to investigate its use.  

 The primary aim of this study, referred to as Part I, was to investigate the effect of 

consumer health information technology (CHIT) on fish choices.  A web-based mercury 

calculator, designed to estimate mercury exposure based on fish species, portion size, 

weekly consumption, and body weight, was used to provide consumers individualized 

feedback about mercury exposure associated with fish choices.  The effect of using the 

mercury calculator on perceived behavioral control, a concept from the Theory of 

Planned Behavior, was investigated.  

 A secondary aim of this study was to test a theoretical model regarding consumer 

acceptance of the web-based mercury calculator.  This part of the study was referred to as 

Part II.  The proposed model was based on constructs from the Technology Acceptance 

Model.  Factors that were investigated related to accepting the mercury calculator include 

perceived ease-of-use, perceived usefulness, and intent to use the calculator.  Findings 

from prior research about users of CHIT, the informational needs of consumers who eat 

fish, and demographic characteristics of fish consumers were included in the model.  
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CHAPTER 2: Problem Statement and Research Questions 

 Consumers who eat fish as part of a healthy diet frequently lack knowledge of the 

risks associated with eating fish.  Even when consumers are aware of fish consumption 

advisories, they do not always remember species-specific information (Blanchemanche, 

Marette, Roosen, Verger, 2010; Verger, Houdart, Marette, Roosen, Blanchemanche, 

2007).  For example, in an adult, one weekly portion of a restricted fish “would lead to an 

exceedance of the guideline intake for MeHg of 40% to 90% … without considering 

intake from the rest of the diet” (Maycock & Benford, 2007, p.185).  Fish consumers are 

largely unaware that MeHg exposure and magnitude of dose depends on fish species, 

portion size, number of weekly servings and individual body weight.  Lacking adequate 

information, consumers are not able to make analytic decisions and healthy fish choices.  

 An evaluation of benefit and risk information conducted by the Institute of 

Medicine (2006) concluded that fish consumption information available to consumers 

was contradictory and lacking in adequate detail.  Marett, Roosen and Blanchemanche 

(2007), who conducted an interventional study to investigate consumer response to 

information about risks and benefits associated with eating fish, recommend providing 

consumers with more information to make fish selections that are safe to eat.  Likewise, 

Burger and Goldfeld assert that for consumers to make decisions about fish consumption, 

they must have specific knowledge about which fish and how much fish to eat (2009, 

2007).  To be effective, information about eating fish must enable consumers to minimize 

risk associated with exposure to MeHg.  More effective communication about MeHg  
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exposure can be provided using an interactive, web-based mercury calculator.  The 

mercury calculator provides exposure feedback tailored to individual fish consumption 

behaviors.  

 In the United States, interest in the subject of MeHg exposure has primarily 

focused on high risk groups.  The 1999-2000 National Health and Nutrition Examination 

Survey (NHANES) measured mercury exposure and showed that eight percent (8%) of 

female participants from the U.S. had mercury levels that exceeded a U.S. Environmental 

Protection Agency (EPA) recommended reference dose (RfD) of 5.8 micrograms per liter 

(ug/L) (Schober et al., 2003).  Analysis of NHANES data from 1999-2002 indicate that 

16.9 % of women who identify themselves as Asian, Pacific Islander, Native American or 

multiracial exceed the RfD limit for mercury (Hightower, O’Hare, & Hernandez, 2006).  

Results of a recent study that analyzed 1999-2004 NHANES data indicate the blood 

mercury concentration of women vary according to region, ethnicity, and income 

(Mahaffey, Clickner, & Jeffries, 2009).  Women living in coastal areas, of Asian descent, 

or higher incomes had higher blood mercury levels.  However, interest in the cumulative 

effects of MeHg exposure in the general the population appears to be on the rise.  Laks 

(2009) indicates a step rise in blood MeHg levels in the U.S. population from 1999 to 

2006.  For women, ages 18 to 49, MeHg detection rose from 2% to 30% between 1999 

and 2006 (Laks).  

 The purpose of this study was to investigate the effect of using a web-based 

mercury calculator to provide mercury exposure feedback, tailored to individual fish 

consumption practices, on fish consumers’ fish choices (adherence to recommended 

mercury limits) and acceptance of this technology.  In this study, participants were fish 
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consumers within a community college population located in coastal Washington. 

Simulated scenarios of potential fish choices, with varying mercury levels, were used to 

assess adherence to the recommended weekly limit for mercury exposure.  

 The Theory of Planned Behavior and the Technology Acceptance Model served 

as frameworks for this study.  Concepts from the Theory of Planned Behavior were used 

to investigate Perceived Behavioral Control and adherence to the recommended limit for 

mercury exposure.  A model developed to explain acceptance of information technology 

by fish consumers utilized concepts from the Technology Acceptance Model: perceived 

usefulness, perceived ease-of-use, and intent to use the mercury calculator.   

Greater knowledge about the effectiveness of information technology to increase 

adherence to mercury exposure limits can be used to reduce risk associated with fish 

consumption.  An improved understanding of consumer acceptance of a mercury 

calculator enables health agencies and health care providers to use information 

technology to more effectively meet the informational needs of fish consumers.  

Increased understanding of consumer acceptance of a mercury calculator to reduce 

mercury exposure according to individual fish consumption behaviors could greatly 

benefit the diverse and at-risk populations who consume fish as part of a healthy diet. 

Terminology used in the study is presented in Table 1.  
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Table 1 

Definition of Study Terms 

 

                  Term Definition 

Acceptance of 

technology 

Acceptance of technology is a willingness to 

adopt and use information systems and 

information technology. 

 

Adherence Adherence is defined as weekly fish consumption 

that adheres to the percent estimate of mercury 

exposure based on EPA reference dose (RfD) 

limit for mercury. 

 

Advanced age Advanced age is defined as 55 years old or 

greater.  

 

Decision-making 

processes 

Decision-making involves affective or analytic 

processes. Affective decision-making uses 

experiential knowledge (images, metaphors, 

narratives attached to feelings). Analytic 

decision-making uses rules of logic and evidence.  

                            (Grobe, Manore, & Still, 2007) 

 

Fish The term fish is meant to include fish and 

shellfish.  

 

Fish consumer A fish consumer is a person who eats fish as a 

regular part of his or her diet.  

 

Frequent fish consumption Frequent fish consumption is defined as 2 or 

more fish meals per week.  

 

Information technology / 

Consumer health 

information technology 

 

Information technology is a broad term that 

encompasses computer and web-based 

communication and information systems. 

Information technology specific to health is 

generally referred to as Consumer Health 

Information Technology (CHIT). 
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Tailored information Tailored information incorporates some aspect of 

information obtained from an individual to 

provide feedback to individuals.  

A benefit of information technology is the ability 

to provide tailored information. 

                                   (Suggs & McIntyre, 2009) 

 

Perceived behavioral 

control 

 

Control beliefs 

 

 

 

Perceived power 

Perceived behavioral control results from control 

beliefs and perceived power.  

 

Control beliefs are beliefs about engaging in a 

behavior. Control beliefs is defined as knowledge  

to make healthy fish choices. 

 

The power of various factors that inhibit or 

facilitate engaging in the behavior is perceived 

power. Perceived power is defined as the 

importance of knowledge to make healthy fish 

choices.  

 

Perceived ease-of-use 

 

 

Perceived usefulness 

 

 

 

Simulated fish choices 

 

 

 

Mercury exposure  

 

 

 

 

Web-based mercury 

calculator 

Perceived ease-of-use is defined as the degree to 

which using technology will be free of effort. 

 

Perceived usefulness is defined as the degree to 

which technology can be used to enhance 

performance or lead to positive outcomes. 

 

Simulated fish choices involve scenarios that 

require study participants to make a fish choice 

from given selections.  

 

“In most cases, mercury (Hg) intake via fish 

consumption is considered a reasonable proxy for 

mercury (MeHg) exposure” (Lincoln, Shine, 

Chesney, Vorhees, Grandjean, & Senn,  2011).  

 

The mercury calculator estimates a percentage 

(%) mercury exposure based on the RfD limit for 

mercury according to fish species, fish portion 

size, weekly fish servings, and individual body 

weight.   
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Research Questions 

This study focused on three questions for Part I and nine questions for Part II.  

Part I  

RQ1: How does fish consumers’ level of perceived behavioral control (knowledge and   

          importance of knowledge) about the mercury content of fish relate to making   

         healthy fish choices?  

RQ2: Will using a web-based mercury calculator (tailored information about the mercury    

          content of fish choices) to make choices affect fish consumers’ level of perceived      

          behavioral control?  

RQ3: Will using a web-based mercury calculator (tailored information about the mercury   

          content of fish choices) to make fish choices alter fish consumers’ choice of fish?  

Part II  

RQ1: Does perceived ease-of-use of the mercury calculator affect perceived usefulness of  

          the mercury calculator?  

RQ2: Does perceived ease-of-use of the mercury calculator affect behavioral intent to use  

          the mercury calculator?  

RQ3:  Does perceived usefulness of the mercury calculator affect behavioral intent to use       

           the mercury calculator?  

RQ4:  Does age affect perceived ease-of-use of the mercury calculator?  

RQ5:  Does gender affect perceived usefulness of the mercury calculator?  

RQ6: Does educational level affect intent to use the mercury calculator?   

RQ7: Will the decision-making processes used by fish consumers affect perceived            

          usefulness of the mercury calculator?  
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RQ8: Does age affect frequency of fish consumption?  

RQ9: Does frequency of fish consumption affect intent to use the mercury calculator
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Chapter 3: Literature Review 

         This literature review explores factors associated with consumer information about 

eating fish, fish consumption and mercury exposure, and consumer health information 

technology. 

Risk Advisory and Risk Awareness: Consumer Knowledge and Response  

 In 2001, the U.S. Food and Drug Administration (FDA) issued the first risk 

advisory about MeHg in fish and shellfish.  An updated advisory was issued with the U.S. 

Environmental Protection Agency (EPA) in 2004 (U.S. Department of Health & Human 

Services & U.S. Environmental Protection Agency).  The FDA/EPA advisory narrowly 

targets high risk individuals, namely, women of childbearing age and young children.  In 

direct contrast, Washington State Department of Health issued a state wide fish 

consumption advisory.  Apart from reaching different target audiences, communicating 

the message about risk associated with fish consumption is complicated by the fact that 

MeHg content of different fish species is widely divergent (Burger, Stern & Gochfeld, 

2005).  The FDA/EPA advisory has not been revised since it was first issued in 2004.  

 Despite an increase in fish consumption by the general U.S. population, data 

about the fish consumption practices of ethnic populations, high-end fish consumers, or 

specific at-risk populations like women of childbearing age and children are limited 

(Moya, 2004).  Results of a study by Verbeke and Vackier (2005) show fish consumption 

in Belgium varies by age, gender, income, education, and region.  In Norway, Olson 

(2003) demonstrated that fish consumption increases with age.  Increased consumption 

paralleled an increased involvement with health that was associated with increasing age.  
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Olson also showed that preparation time and convenience has been identified as a 

determinant of fish consumption.  In the U.S., canned tuna is reported to be the second 

most commonly eaten fish (National Fisheries Institute, 2007).  For most U.S. consumers, 

the primary source of MeHg exposure is commercially caught, store bought fish and 

canned fish products (Chen & Williams, 2009).  

 Shimshack, Ward and Beatty (2007) conducted a population-based study to 

investigate MeHg advisory awareness and consumer response in at-risk populations.  The 

researchers sought to determine the extent of risk reduction associated with the U.S. 

FDA/EPA fish consumption advisory.  Using data from the annual U.S. Consumer 

Expenditure Survey (CEX), researchers examined changes in household expenditure for 

canned fish products after the FDA/EPA advisory was issued in 2001.  News readership 

and education were found to be predictors of changes in fish consumption in response to 

the advisory.  Study results showed pronounced differences in expenditure for canned 

fish between educated and non-educated groups (more than a 50% drop in canned fish 

expenditure for the targeted educated group (p=0.01).  Targeted at-risk groups with a 

college education modified fish consumption to reduce risk while non-college educated 

groups did not alter fish consumption to reduce risk.  

 A limitation of this study was that researchers did not know if households who 

reduced expenditure for canned tuna were aware of the advisory.  Also, changes in 

consumption behaviors for other fish and shellfish were not examined.  The study 

recommendation was to make educational outreach broader to reach less educated 

groups.  
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 Research about anglers has established that recreational fishing poses an 

additional source of risk for MeHg exposure (Beehler, McGuiness & Vena, 2003). 

Assessment of the role of sport-fish advisories and fish consumption in a 12-state survey 

of U.S. women 18 to 45 years old (N=3015) revealed most women of childbearing age 

were not familiar with state fish consumption advisories (Anderson, Hanrahan, Smith,  

Draheim, Kanarek, & Olsen, 2004).  Advisory awareness was 20% and ranged by state 

from 8% to 32%.  No differences in advisory awareness were found between the 10% of 

survey participants classified as frequent fish consumers (2 or more meals/week) and less 

frequent fish consumers (<2 meals/week).  Only about 20% of study participants were 

aware of the advisory, but those aware of the advisory had greater knowledge of MeHg 

toxicity.  A statistically significant relationship (p<0.001) was found between advisory 

awareness and recognizing risk associated with MeHg exposure.  About half of the 

participants had some knowledge of the toxic effects of MeHg, but overall, participants 

had scant knowledge of the varying concentration of MeHg in different types of fish.  

 At the time of the survey, information about MeHg risk was associated with sport-

caught fish and not combined with an advisory about risk associated with eating 

commercial fish.  This was a limitation of the study.  Recommendations from the study 

include providing more information to fish consumers to reduce MeHg exposure and 

manage fish selections.  A recommendation was also made to combine information about 

risk associated with eating sport-fish and commercial fish in future advisories. 

Derrick, Miller and Andrews (2008) investigated effectiveness of a community-

based participatory approach to reduce risk associated with fish consumption by 

subsistence anglers (N=23) in a public housing community in Augusta, Georgia.    
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A one group, pre-test post-test design was used to evaluate the intervention.  The 

intervention consisted of an interactive power point presentation, visual demonstration by 

a role model, distribution of low literacy written materials, and a booster mailing of 

materials 1 month following the initial intervention.  Use of a role model was based on 

findings identified in the literature that suggested lack of trust in risk communication and 

low credibility given to organizations that communicate risk.  Findings from the study 

showed improved knowledge and behavior change at 12 weeks after the intervention.  

Improvements included knowledge of frequency of fish consumption for pregnant 

women and children, large fish consumption, trimming fish, and consumption of fish 

eggs and internal organs.  Fish portion size did not decrease to reduce risk.  This was 

attributed to a cultural belief about taking pride in the size of fish caught and eaten.  

 A limitation of the study was that researchers did not define a subsistence angler.  

Results cannot be generalized to a larger population.  Recommendations include placing 

emphasis on outcome measurement of risk communications, translation of technical 

information to terms readily understood by the population, and for outsiders to establish a 

trusting relationship before information about risk is communicated.   

Kuntz, Hill, Linkenbach, Lande and Larsoon (2009) investigated awareness of 

MeHg risk and risk communication preferences among American Indian women (N=65) 

who go to a WIC clinic on a reservation in northwest Montana.  Montana uses a 

statewide advisory to communicate fish consumption risk.  Information specific to fishing 

and fishing sites is distributed with fishing licenses.  However, sovereign tribal nations do 

not require fishing licenses.  Findings from the study showed that only about 20% of the 

participants were aware of a state advisory and 86% indicated that they had little to no 
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knowledge about MeHg.  Findings pertaining to frequency of fish consumption showed 

that 35% of participants ate 2-4 fish meals per month and 9% ate 5-8 fish meals per 

month.  About half of the participants reported eating medium and large fish that were 

caught locally.  Study participants indicated that friends and family served as a source of 

information most often, yet they reported a preference for information from doctors or 

other health providers.  

 A limitation of this study is small sample size.  Researchers indicated that no 

demographic variables were significant predictors of awareness.  Recommendations from 

the study include identifying more reliable ways to distribute risk information to this 

group, along with consideration of how the cultural significance of eating fish relates to 

decision-making about fish consumption. 

Impact of Fish Consumption Behaviors 

 In a study of pregnant women (N=63) from an obstetric clinic in Korea, 

researchers examined the relationships between type and amount of fish consumed and 

blood MeHg levels.  Participants in the experimental group were instructed to restrict fish 

consumption while participants in the control group consumed fish as usual.  Findings 

from the study showed that women who consumed fish more than 12 times a month had 

elevated blood MeHg levels.  The relationship between type of fish consumed and 

maternal blood levels was not statistically significant however it was noted that women 

who consumed mackerel or other big fish had higher blood levels of MeHg than women 

who consumed other types of fish.  

 Study participants who exceeded recommended fish servings per week were 

found to have elevated levels of blood MeHg, averaging 2.94 micrograms/liter and 
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ranging from 0.14 to 10.7 micrograms/liter (Kim, Kim, Kwon, Kim, & Park, 2006). 

Samples of both maternal and cord blood were collected for 12 of the study participants.  

Results showed cord blood MeHg levels to be almost two times the level of MeHg found 

in maternal blood.  Researchers concluded that frequency of eating fish corresponded to 

maternal blood MeHg levels.  

 A limitation of this study was a small sample size which limits the ability to 

generalize findings.  Recommendations from the study include development of guidelines 

for fish consumption in Korea and prenatal education about MeHg exposure associated 

with fish consumption.  This study is the first study of blood MeHg concentrations of 

pregnant women conducted in Korea.  

 In Taiwan, it is common to eat three or more meals of fish per week. Fish 

consumption is reported to increase with age.  High-end fish consumers tend to eat six to 

eight fish meals per week.  Taiwanese researchers investigated the relationships between 

fish consumption and MeHg levels in maternal blood, cord blood and placental tissue in a 

study of pregnant women (N=65) from a medical center in Taipei (Hsu, Liu, Chien, 

Chou, & Han, 2006).   

To provide better nutrition for the fetus, many participants in this study increased 

fish consumption from eight to eleven meals per month during pregnancy.  The 

correlation between fish consumption and maternal blood MeHg levels was found to be 

statistically significant.  Findings showed 89% of the study participants had MeHg blood 

levels that exceeded 5.8 micrograms/liter.  

 A limitation of this study was small sample size which limits the ability to 

generalize findings to a larger population.  A recommendation from the study was for the 
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Taiwanese government to conduct a study of much larger scale to determine MeHg levels 

of pregnant women and women of child-bearing age in Taiwan. 

 Comparable findings have been described by Sato, Li and Shaha (2006) in a study 

of pregnant women (N= 308) conducted in the island community of Hawaii.  Twenty-

eight percent (28%) of study subjects had MeHg blood levels greater than 5.8 

micrograms/liter.  About 17% of the study subjects ate fish more than once per week. Of 

this group, 40% had blood levels of MeHg above the RfD for MeHg.  A statistically 

significant relationship existed between frequency of fish meals and level of MeHg in 

cord blood.  Recommendations from the study include more effective education about 

fish consumption behaviors for women, particularly if fish consumption is common due 

to living on an island.  

Lincoln, Shine, Chesney, Grandjean, Vorhees, and Senn (2011) conducted a 

cross-sectional study about fish consumption by recreational anglers in Louisiana and 

showed that study participants (N=534) ate about 80 different species of fish.  

Participants completed a face-to-face or web-based questionnaire about fish consumption 

for the past 3 months. This time frame corresponds to the timeframe represented by a hair 

biomarker. Hair samples were analyzed for mercury level in 402 of the participants.  

Results indicated 40% of the participants exceeded the EPA reference dose (RfD) for 

mercury exposure.  Analysis of the source of fish consumed by participants revealed that 

74% of the estimated mercury exposure was from regionally specific, recreationally 

caught fish. The fish eaters in this sample were mostly male (89%) with a mean age of 45 

years (range, 19-84) and mean BMI of 28.3.  Most of the participants were Caucasian 

(96%) and 76% had completed some college or completed a college degree.  
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 A limitation of the study was related to recall bias.  Researchers identified and 

accounted for this by use of different food frequency questionnaire (FFQ) items to 

capture under reporting and over reporting of fish species and frequency of consumption.  

Researchers concluded and recommended that to more accurately quantify exposure in 

subpopulations whose fish consumption practices vary from fish consumption practices 

reported nationally, the best approach is to combine FFQ and biomarkers.    

Assessment of Benefit/Risk Knowledge and Informational Needs of Fish Consumers 

 Participants of FDA focus groups, conducted to obtain consumer response to the 

MeHg advisory, indicated a desire for “more specific information” and “clearer 

instructions” (US FDA/CFSAN, 2005,  p.2).  Participants requested specific information 

about developmental effects, effects on populations not at risk, symptoms, data about 

MeHg levels of various fish species, what is meant by a variety of fish, and portion size 

for children.  However, recommendations were not acted upon.  Research findings 

regarding lack of consumer knowledge of benefits and risks of eating fish corroborate the 

significance of FDA focus group participants’ suggestions to improve the fish 

consumption advisory.  

 Burger and Gochfeld (2007) investigated knowledge about fish consumption 

advisories in students and employees (N=147) at a university located in New Jersey. 

Findings showed that most of the knowledge about the benefits and risks associated with 

eating fish was general rather than specific.  Study participants had a greater awareness of 

the benefits of eating fish rather than awareness of associated risks.  Less than half of the 

study participants could indicate if a particular species of fish contained a high or low 



19 

 

 

level of MeHg.  Minorities who consumed fish frequently were least knowledgeable of 

risks.  

A limitation of this study is that the study population was drawn from a university 

not representative of the general population.  Recommendations from this study include 

surveying a broader subject pool from a larger geographical region and to make 

information about benefits and risks of fish consumption equally available to consumers. 

Burger and Gochfeld also suggest improving future advisory communication by 

including clearer statements about risks and benefits, symptoms and health effects, 

geographic origin of fish, MeHg content of fish species, and targeting information to 

ethnic minorities (2007). 

 In three coastal regions located in New York and New Jersey, Burger and 

Gochfeld (2009) investigated perception of the benefits and risks of fish consumption.  

Researchers surveyed people (N= 329) in engaging in recreational activities along the 

coast.  Findings from the study indicate the depth of knowledge about the benefits and 

risks of eating fish is limited with less than 25% of the participants mentioning MeHg as 

a risk.  Few participants were able to identify populations at-risk or link varying 

contaminant levels with fish from specific regions.  Researchers concluded that survey 

participants did not have adequate risk information to make healthy fish selections. 

Recommendations from the study include educating the public about higher levels of 

contamination in predatory fish and older and larger fish and to list site-specific 

contaminants.  

 Grobe, Manore and Still (2007) conducted a qualitative study to examine how 

females living in a northwest state (N=26) made decisions about fish consumption.  The 
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decision-making processes were characterized as affective rather than analytic.  This was 

attributed to lack of information or mistrust of available information.  Analysis of 

transcribed interviews indicated five different decision processes.  Identifying these 

processes provides insight into how participants made judgments about the benefits and 

risks of eating fish.  Study participants who engaged in self-protective behaviors were 

more knowledgeable of benefits and risks compared to other study participants. 

Participants who judged personal risk to be low were found to be of aware of risk but not 

knowledgeable about details.  Two decision-making processes involved conflicting 

information and lack of trust.  Participants who indicated difficulty making judgments 

about benefits and risks tended to reduce fish consumption.  Ambivalence toward 

decision-making was associated with a lack of trust in information sources.  This 

participant consumed more than 3 fish meals per week.  Of the 26 participants, only 9 had 

changed fish consumption behaviors in some way.  Recommendations from the study 

include further research to examine decision-making regarding MeHg risk and to tailor 

risk communication. 

 In France, Marette, Roosen, and Blanchmanche (2007) conducted an experiment 

to investigate the effect of health information and substitution between fish.  In a 

laboratory setting, a sample of women (N= 115) were exposed to health information 

about the benefits and risks of eating fish.  Information about omega-3 fatty acids content 

and MeHg content of two types of canned fish; sardines and tuna was provided.  Study 

participants were provided with the price of the sardines and tuna and asked to select 

between the two fish.  Study findings showed that the health information had a 
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statistically significant impact on willingness-to-pay (WTP).  WTP decreased for tuna 

and WTP increased for sardines.  

 In the field experiment, households (N=201) were randomized into a treatment 

group and a control group and asked to record food consumption for 3 months and keep 

receipts associated with fish consumption.  Health information resembling the FDA/EPA 

advisory, which included recommendations for fish species and number of weekly 

servings, was given to the treatment group using both oral and written formats.  Study 

findings indicated a statistically significant decrease in the number of fish servings in the 

treatment group.  However, study participants did not alter consumption of fish with the 

highest level of MeHg.  Researchers concluded this was due to limited recollection of 

specific fish species to avoid.   

A limitation of this study in the laboratory setting involved restricting choices to 

two fish species.  In real world settings, more choices exist.  Another limitation of the 

study is lack of ability to generalize findings to other populations.  A recommendation of 

the study is for future studies to investigate if a liking bias occurs when choices are 

restricted.  

Information Technology and Tailored Health Information 

  The internet is a relatively recent source of consumer health information.  The 

Pew Internet and American Life Project reported that of 61% of e-patients who accessed 

the internet for health information, 49% stated that the information affected what they 

think about their diet (Fox & Jones, 2009).  Nutrition education via the internet can be 

accomplished by widespread distribution of generic nutrition information, increased 
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access to educational materials by the general public and interactive web-based tools that 

can be used to provide individualized feedback (Brug, Oenema, Kroeze, & Raat, 2005).  

The ability to tailor information is an advantage of information technology.  It is thought 

that the effect of tailoring in health education is attributed to central route processing, one 

of the ways by which individuals form and act on attitudes (Stellefson, Hanik, Chaney, & 

Chaney, 2008).  Central route processing causes an individual to engage in mental 

processes to reflect upon the message, thereby increasing the likelihood of acting upon 

the message (Stellefson, Hanik, Chaney, & Chaney).  Tailoring increases relevance of a 

message to an individual.  This aspect is particularly beneficial when variations exist in 

the intended target group of a health message (Stellefson, Hanik, Chaney, & Chaney).  

Tailored nutrition education has been shown to be more effective than generic nutrition 

education (Brug, Steenhuis, van Assema, et al., 1999, Vandelanotte, De Biurdeaudhuij, & 

Brug, 2004).  

 Oenema and Brug (2003) demonstrated these concepts in a randomized controlled 

trial to investigate the effect of tailored feedback and dietary intake of fat, fruit, and 

vegetables in adults (N=304).  Using a pre-test-post-test design, study participants 

received tailored feedback comparing self-reported intake of fat, fruit, and vegetables to 

recommended intake levels.  Findings were statistically significant and indicated study 

participants in the tailored feedback group had greater awareness of dietary intake and 

intent to change dietary intake than study participants in the control group who had 

received generic information.  The effect size calculated for the finding associated with 

the variable information was of personal relevance to me is Cohen’s d: 0.505 (Cepeda, 
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2008).  The effect size was calculated as Cohen’s d: 0.991 (Cepeda) for findings 

associated with the variable information was individualized.   

 Interactivity, personalized tailoring and instantaneous feedback associated with 

web-based applications are key features of communication technologies that make it a 

compelling educational tool.  A study conducted by Mangunkusumo, Brug, Duisterhout, 

de Koning and Raat (2007) investigated the feasibility, acceptability, and quality of an 

adolescent health promotion using the internet.  Dutch students (N=1071), ages 13 to 17 

years, were randomly assigned to an internet group or a paper and pencil group. Study 

participants completed a survey pertaining to generic health topics including diet and 

nutrition.  The internet group received tailored feedback based on health data entered by 

the participant.  The paper and pencil group received generic printed health materials.  

Study findings indicate participants in the internet group participated in health screenings 

at a higher rate, although not statistically significant, than participants in the paper and 

pencil group.  Participants rated the electronic questionnaire as easier to use than the 

paper and pencil questionnaire (p=0.035).  Electronic feedback about eating fruit was 

reported by participants as relevant but less credible than pre-printed materials (p<0.05). 

A limitation of the study is lack of a control group for comparison.  Recommendations 

include improving internet feedback given to participants and conducting an evaluation in 

other users and health topics.  

 A study by Oenema, Brug and Lechner (2001) investigated the impact of web-

based computer-tailored nutrition education in the Netherlands.  Employees and students 

(N=204) of institutions for adult education participated in a pre-test-post-test randomized 

controlled trial to investigate a tailored intervention and intentions about dietary fat intake 
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and intake of fruits and vegetables.  Study participants responded to questions about food 

frequency.  Responses were used to calculate a saturated fat score and compare fruit and 

vegetable intake to recommendations.  Participants’ awareness of personal food intake 

was also measured.  Feedback was given regarding differences in calculated scores for fat 

intake and estimated scores for fat intake.  A similar process occurred for fruit and 

vegetable intake.  Personal fat intake score and fruit and vegetable intake scores were 

compared to recommended ranges.  Participants in the control condition received non-

tailored information healthy diets.  Risk associated with high fat intake was emphasized 

along with the importance of fruits and vegetables.  Findings from the study show 

participants in the tailored information group indicated greater intent to reduce fat 

consumption [F(1,196) = 5.85, P= 0.008].  The effect size associated with this finding 

was calculated as Cohen’s d: 0.348 (Cepeda, 2008).  Findings in the tailored information 

group were also significant for fruit and vegetable intake [F(1,98) = 4.15, P =0.022].  

 A limitation of the study was that it controlled progress through the intervention 

and access to other web sites.  In real-life situations, users of a web-based intervention 

might not progress though the intervention material in sequenced order or might also 

access other web sites.  Findings from the study cannot be generalized to other 

populations.  Recommendations of the study include investigating the impact of tailoring 

on large groups of people and to assess participants’ perceived credibility of nutrition 

education provided using information technology.  

 Long and Stevens (2004) investigated using the internet to affect healthy eating in 

adolescents from two middle schools.  Using a pre-test-post-test quasi-experimental 

design, students in the intervention group had access to the internet and students in the 
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control group did not.  Findings from the study showed that students (N=121) who 

accessed web-based nutrition education were found to have statistically significant 

differences in self-efficacy for healthy eating for fruits and vegetables [t (119) = 2.56, 

p<.01], and for fats [t (119) = 3.05, p<.001] compared to students who received nutrition 

education embedded in the curriculum.  Changes in actual consumption of fat, fruit and 

vegetables were not found to be significant.   

A limitation of the study was dose; time exposed to the intervention might have 

been insufficient for measurable changes in behavior.  This could also be a result of not 

trying to change the home or school environment.  Results of the study cannot be 

generalized to other students.  A study recommendation is to include investigation of 

other supports for changing eating behaviors in adolescents, such as home and 

community.  

 Lustria (2007) conducted a web-based experiment to investigate the association 

between comprehension and attitude, and interactivity and need for cognition, regarding 

on-line health content.  Study participants were randomly assigned to explore one of two 

web sites to find information about a disease.  Researchers measured computer 

competency, internet use, interactivity, need for cognition, comprehension, attitude 

toward the site, reading style, and time on task in undergraduates students (N=441) at a 

large university.  Findings indicated study participants exposed to the website with higher 

interactivity had higher comprehension scores than participants exposed to the site with 

less interactivity, [F(1,435) = 6.67, MSE = 14.92, p = 0.01].  A limitation of the study is 

its inability to generalize findings.  In addition, no definition of interactivity is accepted 
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in the literature.  A recommendation of the study is to test the effects of interactivity in a 

greater variety of health information technology users.    

 Owen, Fotheringham and Marcus (2002) point out a fundamental difference in 

new communication technologies that must be taken into account is “media-based 

programs there for the taking versus those that are delivered as a planned intervention” 

(p. 513).  Systematic investigation of health education outcomes associated with the 

internet is uncommon.  To date, no preventive health education studies have investigated 

use of a public access, web-based health tool like the mercury calculator.    

Summary of Literature Review 

Consumers are largely unaware of risk associated with eating fish.  Consumer 

knowledge about the benefits of eating fish is greater than knowledge about the risks of 

eating fish.  Risk advisories about eating fish lack consistent and concise messaging 

about mercury exposure.  Target population, advisory content, and fish consumption 

guidelines issued by health and environmental agencies vary.  Consumers report the 

recommendations to be vague and confusing.   

Fish consumption practices and results of bio-monitoring for mercury exposure 

are correlated.  Cord mercury levels are higher than maternal blood levels of mercury.  

Some factors that affect fish consumption include age, sex, income, education, region, 

prep time, convenience, taste, and preference.   

Consumers increasingly access the internet for health information.  Many search 

for information about nutrition and diet.  One of the most beneficial features of 

information technology is the ability to tailor information.  Reflecting upon information, 

referred to as central route processing, occurs when information is tailored.  The 
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likelihood of acting upon information is greater when the information is tailored.  Web-

based health information that is provided to consumers using higher levels of interactivity 

leads to higher levels of understanding than information provided with lower levels of 

interactivity.  Use of public access consumer health information technology to reduce a 

health risk has not been studied to date.  

Theoretical Orientation 

Theory of Planned Behavior  

 The Theory of Planned Behavior (TPB) is among one of the most widely used 

theories to explain health behavior (Noar & Zimmerman, 2005).  In 1991, Icek Ajzen 

developed the TPB as an extension of the Theory of Reasoned Action (TRA), a theory 

proposed by Martin Fishbein in 1967.  The TRA suggests that behavior can be predicted  

by examining an individual’s attitudes about a behavior and intent to perform the 

behavior (Montano & Kasprzyk, 2002).  Attitudes, subjective norms, and intent to 

perform a behavior comprise the major concepts of the TRA.  

 Attitudes are derived from an individual’s beliefs about a behavior and appraisal 

of the advantages and disadvantages of performing the behavior.  Attitudes and intent to 

perform the behavior are moderately to highly correlated with behavior (Pender, 

Murdaugh, & Parsons, 2006).  Subjective norm accounts for the social pressure to 

perform a behavior and the beliefs that others want you to perform the behavior.  A 

correlation between subjective norms and behavior has not been supported by research 

(Pender, Murdaugh, & Parsons). 

 Ajzen added the concept of behavioral control to investigate barriers associated 

with intent to perform a behavior suggesting that a behavior is influenced by the degree 
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of voluntary control an individual has over the behavior (Pender, Murdaugh, & Parsons). 

Behavioral control is the individual’s perceived control about the performance of a 

behavior.  

 The TPB illustrates interactions between an individual’s attitude toward a 

behavior, subjective norms, and behavioral control influence the likelihood of a behavior 

(Figure 1).  Perceived behavioral control and behavioral intent accounts for the greatest 

variance in behavior.  In addition to investigating a wide range of health topics and 

behaviors, the TPB has been used to design health behavior interventions.  Research 

indicates the most effective interventions focus upon a specific, single behavior (Fishbein 

& Yzer, 2003).  

 

 

 

 

 

 

 

 

 

 

 

              Figure 1. The Theory of Planned Behavior by Icek Ajzen. 
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Technology Acceptance Model  

 The Technology Acceptance Model (TAM) is a model widely used to investigate 

use of information technology and systems.  Fred Davis (1989) applied concepts from the 

TRA to explain why individuals did or did not accept information technology.  Davis 

replaced attitude measures with technology acceptance measures to include perceived  

usefulness and perceived ease-of-use (Figure 2.)  Davis believed these concepts could 

sufficiently predict intent to use information technology.  

  
    Figure 2. The Technology Acceptance Model by Fred Davis.  

 

Conceptual Framework and Research Model for Parts I and II 

 Concepts from the TPB were used as a framework for Part I of this study (Figure 

3).  Perceived behavioral control includes control beliefs and perceived power. 

Behavioral intent to make fish choices to adhere to recommended mercury exposure 

limits was investigated using simulated fish choices.  Part II of this study used the TAM 

and findings about fish consumers and information technology users identified in the 

literature to develop the model explaining consumer acceptance of the mercury calculator 

(Figure 4).   
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Measures of perceived ease-of-use and perceived usefulness were used to 

examine influence on intent to use the mercury calculator.  Age, gender, educational 

level, frequent fish consumption, and decision-making were included in the model.   
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Figure 3.  Effect of a mercury calculator on consumer fish choices. The model shows the 

effect of using a mercury calculator on perceived behavioral control to make fish choices 

to adhere to mercury exposure limit.  
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These characteristics are associated with fish consumers who are most likely to exceed  

recommended limits for MeHg exposure.  Additionally, age, gender, and educational 

level are thought to impact acceptance of technology (Davis, Bagozzi, & Warshaw, 

1992).              

 

                          H7 (+)                                                                                                                                                  

                          H6 (+)                                                                                                                        
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               Figure 4. Model for technology acceptance by fish consumers. The formative 

model depicting fish consumers’ intent to use the mercury calculator includes other 

concepts from the TAM; perceived usefulness and perceived ease-of-use, and decision-

making characteristics associated with fish choices, demographics of fish consumers (sex, 

age, educational level), and frequency of eating fish.  
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Hypotheses 

     The hypotheses for Parts I and II of this study are as follows:  

Part I  

RQ1: How does fish consumers’ level of perceived behavioral control (knowledge and   

         importance of knowledge) about  the mercury content of fish relate to making  

         healthy fish choices?  

H1a alternate  

Fish consumers who have low levels of perceived behavioral control (control beliefs and 

perceived power) about the mercury content of fish are highly likely to make fish choices 

that exceed the limit for mercury exposure.        

RQ2: Will using a web-based mercury calculator (tailored information about the mercury      

           content of fish choices) to make fish choices affect fish consumers’ level of                  

           perceived behavioral control?  

H2 a alternate 

Fish consumers will have a higher level of perceived behavioral control after using the 

mercury calculator compared with level of perceived behavioral control before using the 

mercury calculator.  

RQ3:  Will using a web-based mercury calculator (tailored information about the mercury                  

           content of fish choices) to make fish choices alter fish consumers’ choice of fish?  

H3 a alternate 

Fish consumers who use a web-based mercury calculator to make fish choices are more 

likely to make choices that adhere to the limit for mercury exposure when compared to 

choices made without use of the mercury calculator.  
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Part II  

RQ1:  Does perceived ease-of-use of the mercury calculator affect perceived usefulness  

          of the mercury calculator? 

H1a alternate 

Perceived ease-of-use of the mercury calculator will have a positive effect on    

perceived usefulness of the mercury calculator. 

RQ2:  Does perceived ease-of-use of the mercury calculator affect behavioral intent to  

           use the mercury calculator? 

H2 a alternate     

Perceived ease-of-use of the mercury calculator will have a positive effect on behavioral 

intent to use the mercury calculator.  

RQ3:   Does perceived usefulness of the mercury calculator affect behavioral intent to use       

            the mercury calculator?  

H3 a alternate     

Perceived usefulness of the mercury calculator will have a positive effect on behavioral 

intent to use the mercury calculator. 

RQ4:   Does age affect perceived ease-of-use of the mercury calculator?  

H4 a alternate 

Advanced age will have a negative effect on perceived ease-of-use of the mercury 

calculator. 
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RQ5:   Does gender affect perceived usefulness of the mercury calculator? 

H5 a alternate 

Being female will have a positive effect on perceived usefulness of the mercury 

calculator.  

RQ6:   Does educational level affect intent to use the mercury calculator?  

H6 a alternate 

Advanced educational level will have a positive effect on intent to use the mercury 

calculator.  

RQ7:  Does the decision-making process used by fish consumers affect perceived  

           usefulness of the mercury calculator?  

H7 a alternate 

Affective decision-making will have a positive influence on perceived usefulness of the 

mercury calculator.  

RQ8:   Does age affect frequency of fish consumption? 

H8 a alternate 

Advanced age will have a positive influence on frequency of fish consumption.  

RQ9:   Does frequency of fish consumption affect intent to use the mercury calculator  

           among fish consumers? 

H9 a alternate 

Frequent fish consumption will have a positive effect on intent to use the mercury 

calculator. 
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   Chapter 4: Research Methodology 

 

The research methodology for this study was composed of two parts.  Part I 

discusses the pre-experimental design used to determine whether use of a web-based 

mercury calculator has an effect on adherence to recommended mercury limits.  Part II 

discusses the cross-sectional design used to collect data to validate the measurement 

model and fit the structural model proposed for acceptance of the web-based mercury 

calculator.  This study was reviewed and approved by the Institutional Review Boards of 

South Puget Sound Community College (SPSCC) and Trident University International 

(TUI).   

Part I 

Study Design   

Part I of this study used a one-group pre-test-post-test design to test the effect of 

using a mercury calculator to make fish choices on adherence to recommended mercury 

limits.  This study was conducted using a web-based survey.  Although web-based survey 

methodology is cost effective (Ahern, 2005), it precludes randomized group assignment 

due to lack of a central directory of email addresses.  Therefore, a repeated measures 

design was used to control for variation in the demographic characteristics of the study 

participants.  This approach was used to provide evidence for the effect of the 

independent variable on the dependent variable.  

Three instruments were used for Part I.  These included the Screening Questions 

and Demographic Characteristics tool (Appendix A), Perceived Behavioral Control tool 

(Appendix B) and Simulated Fish Choices tool (Appendix C).  Instruments were self-

administered using ZAP Survey, a web-based survey service used to create and deploy 
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on-line survey tools (www. zapsurvey.com).  To facilitate ease of access, the survey link 

URL http://www.zapsurvey.com/Survey.aspx?id=1eba0b75-a366-42a2-9837-

931a7955ff16 was embedded to www.fishchoices.weebly.com, a website developed for 

the study.   

 A convenience sample of volunteers who eat fish was recruited to participate. 

Study participants were pre-tested using the Perceived Behavioral Control and Simulated 

Fish Choices tools.  Participants were exposed to the intervention and instructed to take 

part in exercises to practice using the web-based mercury calculator (Appendix E).  Upon 

completion of this skill building exercise, all participants were post-tested using the 

mercury calculator and instructed to respond to the Simulated Fish Choices and Perceived 

Behavioral Control tools.  Permission to use the web-based mercury calculator at 

www.gotmercury.com was granted by the webmaster at the Sea Turtle Restoration 

Project (2007).  

Study Population  

The target population for this study was fish consumers from Puget Sound and the 

west central coastal region of Washington State.   

Sampling 

Convenience sampling was used.  It was an easy method to locate potential study 

participants who eat fish.  The convenience sampling plan is a form of non-probability 

sampling where the participants are selected based on their availability.  This type of 

sampling plan is based on the potential respondents’ willingness to participate in the 

study.  The reason for choosing the convenience sampling plan is because it has an 

advantage over a probability sampling method (i.e., random sampling technique) in that 

http://www.zapsurvey.com/Survey.aspx?id=1eba0b75-a366-42a2-9837-931a7955ff16
http://www.zapsurvey.com/Survey.aspx?id=1eba0b75-a366-42a2-9837-931a7955ff16
http://www.fishchoices.weebly.com/
http://www.gotmercury.com/
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the researcher is able to obtain more participants in a shorter period of time (Cozby, 

2009).  

 The study population was recruited from a sample of students, staff, and faculty at 

South Puget Sound Community College (SPSCC).  An invitation to participate in the 

study was extended to students, staff, and faculty of SPSCC by email (Appendix F).  

Study participants were at least 18 years old and had access to the internet and an email 

account at home or at SPSCC.  Potential study participants were directed to the study 

website with instructions to complete a screening questionnaire.  Participants were 

informed of their rights and consent was obtained.  Volunteers who were not fish eaters, 

who were treated for mercury toxicity associated with eating fish, or those who used a 

mercury calculator to make fish choices were excluded from the study.  

 When calculating the sample size, three factors were taken into consideration.  

The first factor was the power analysis.  The power analysis measures the probability of 

rejecting a false null hypothesis and is usually set at 80% (Keuhl, 2000).  A power of 

80% was selected because a power of this magnitude adequately rejects a false null 

hypothesis (Moore & McCabe, 2006).  The second factor was the effect size, which 

measures the magnitude of the relationship between the independent and dependent 

variables.   

No existing studies could be identified that examined the association between fish 

consumers using a mercury calculator to obtain tailored feedback and making fish 

choices to adhere to the EPA limit for mercury exposure.  Studies investigating use of 

web-based tailored nutrition information (Oenema, Brug, & Lechner, 2001) and use of 

feedback strategies to raise awareness of personal dietary intake (Oenema & Brug, 2003) 
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were found to have  effect sizes ranging from Cohen’s d: 0.348, a small effect size, to 

Cohen’s d: 0.99, a large effect size, respectively.  Comparable effect sizes between 

Cohen’s d and Cohen’s f have been calculated when there are two groups (UCLA: 

Academic Technology Services).  However, this study has one group.  Therefore, to 

avoid an under powered study, a small effect size was used.  The third factor was the 

level of significance.  The level of significance was equal to 0.05.  

 For this study, logistic regression of a dichotomous variable using several 

continuous normally distributed independent variables, an alpha value of 0.05 and a 

power of 0.80, a total sample size of 150 was required to detect a change in P(Y=1) from 

the value of 0.050 at the mean of X to 0.100 when X is increased to one standard 

deviation above the mean.  This change corresponds to an odds ratio of 2.61 (Hsieh, 

Block, & Laresen, 1998).  To ensure that all statistical analyses employed for this study 

provided statistically valid results and findings, a minimum of 250 study participants 

were to be recruited.  

Data Collection Tools 

 

Self-administered, web-based questionnaire instruments were used to screen for 

exclusion criteria, collect demographic data (Appendix A), and measure Perceived 

Behavioral Control (Appendix B) and Simulated Fish Choices to adhere to mercury 

exposure limits (Appendix C).  Screening items were used to exclude respondents who 

did not eat fish, who were treated for mercury toxicity, or those who used a mercury 

calculator.  Demographic data collected included single question items for age, sex, 

race/ethnicity, level of education, household income, and member of at-risk population 
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associated with fish consumption, use of the Washington State Healthy Fish Guide, and 

decision-making related to fish choices.  

 Survey items for Perceived Behavioral Control (Appendix B) were measured 

using a seven-point Likert scale with a value of 1 representing strongly disagree and 7 

representing strongly agree.  Data collected included knowledge and importance of 

knowledge about mercury content of fish and fish choices.  The subscales were summed 

and the higher scores indicated more positive perceptions.   

Survey items for Simulated Fish Choices (Appendix C) included three simulation 

scenarios which were used to measure choice of fish.  Single question items used to 

measure individualized feedback from the mercury calculator included mercury dose, 

estimated percentage of EPA limit for mercury exposure, a single serving of fish that 

exceeded the limit for mercury exposure, a weekly serving of fish that exceeded the limit 

for mercury exposure, and whether information about the mercury content of fish altered 

fish choice.  

Instrument Development   

The Screening Questions and Demographic Characteristics tool (Appendix A), 

was developed in accordance with recommendations for questionnaire design.  Standard 

demographic questions were adopted and modified as advocated by Bradburn, Sudman, 

and Wasink (2004), authors of Asking Questions.  

The Perceived Behavioral Control (Appendix B) tool contains 2 subscales; 

Control Beliefs and Perceived Power.  The Control Beliefs subscale was designed to 

measure a participant’s perception of his or her subjective knowledge about fish 

consumption and mercury exposure.  The Perceived Power subscale was designed to 
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measure a participant’s perception of the importance of objective knowledge about fish 

consumption and mercury exposure as it relates to making fish choices to reduce mercury 

exposure.  Identical wording used for control beliefs subscale items and perceived power 

subscale items.  Items were developed based on review of the literature, FDA focus group 

recommendations (US FDA/CFSAN, 2005, p.2) and recommendations from research 

studies that determined consumers require adequate information about fish to make 

healthy choices (Burger & Gochfeld, 2009, 2007; Marette, Roosen, & Blanchmanche, 

2007).  This included an item about which fish to avoid eating and items about the 

mercury content of fish, individual weight, portion size, and frequency of eating fish.  

Portion sizes used for survey items were consistent with recommendations for fish 

consumption.  Items to measure fish choices were consistent with fish species listed in 

the mercury calculator.  The items were also consistent with local coastal culture (Pike 

Place Market) and fish consumption practices.  Finally, to be consistent with the TPB, the 

items were developed using directives provided by Ajzen to construct a TPB 

questionnaire and modeled after items used to illustrate a sample TPB questionnaire 

(2006).   

Subject matter review was obtained to examine face validity and content validity 

of the Perceived Behavioral Control (Appendix B) tool.  Four university professors, 

knowledgeable of information technology, nutrition, and regional customs of South Puget 

Sound, provided feedback using a structured review form with a content validity scale 

(Yaghmale, 2003) (Appendix H).  For items 2 and 3 of Control Beliefs and Perceived 

Power, reviewers recommended that familiar be changed to know.  For item 5, it was 

recommended to delete if at all.  This feedback was used to revise the items.   
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Exploratory factor analysis (EFA) was used to examine construct validity of the 

Perceived Behavioral Control tool.  When conducting exploratory factor analysis, a ratio 

of three subjects per variable can be acceptable (Knapp & Brown, 1995).  Based on this 

criterion, an independent sample of 50-60 participants was recruited for a web-based pilot 

study of the tool at http://www.zapsurvey.com/Survey.aspx?id=558e9a55-db65-46e8-

a99e-2298a757c738.  The goal of the analysis was to reveal any latent variables that 

would cause the observed variables to covary (Costello & Osborne, 2005).  Varimax 

rotation was used.  It is available with SPSS 19.0, a statistical software package.   

A total of 18 variables were assessed; nine items for Control Beliefs and nine 

items for Perceived Power, subscales of Perceived Behavioral Control.  Factor loading 

was evaluated for the items assigned to the subscales Control Beliefs and Perceived 

Power.  Only items with a loading of 0.50 or better were considered (Costello & 

Osborne).   

 The results of the EFA for Control Beliefs showed that three factors were 

extracted (Table 2).  Where any one item loaded onto two factors, it was excluded.  After 

removing questions that cross-loaded, Factor 1 consisted of three items, Factor 2 

consisted of two items, Factor 3 consisted of two items.  

Items used to measure Control Beliefs, or subjective knowledge about making 

fish choices, suggested that participants perceived themselves to lack adequate 

knowledge to make fish choices.  Difficulty remembering which fish are to eat or which 

fish to avoid eating has been previously documented.  The relationship between being 

able to recall which fish to avoid and knowing which fish to eat was illustrated by the 

responses of the participants.  Respondents discriminated between subjective knowledge 
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about eating fish and objective knowledge needed to make fish choices.  It is likely these 

findings explain why perception of confidence to make fish choices low in mercury 

content and need to know mercury content of fish to make healthy choices loaded as a 

third factor.   

Table 2 

Factor Loadings from Exploratory Factor Analysis for Control Beliefs of Fish 

Consumers (N=52) 

 

 Factor 

Questions 1 2 3 

    

I find it difficult to know which fish to eat.  0.85  

I know the fish portion sizes recommended for adults. 0.80   

I know the fish portion sizes recommended for children. 0.83   

I can determine how much fish to eat based on my specific 

body weight. 

0.85   

I find it difficult to remember which fish should be avoided 

or eaten rarely. 

 0.88  

I have adequate knowledge about the mercury content of fish 

to make healthy fish choices. 

  0.58 

By not eating fish that should be avoided, I will not exceed 

the recommended limit for mercury. 

  0.75 

I am confident I can make fish choices to reduce my 

exposure to mercury. 

0.54  0.60 

To make healthy fish choices, I need to know the mercury 

content of fish. 

0.56  -0.51 

 

 

Results of the EFA for Perceived Power showed that two factors were extracted 

(Table 3).  There were no cross-loading items.  For Perceived Power, or importance of 
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knowledge, participants indicated the importance of remembering which fish to avoid 

eating.  For these items, remembering which fish to eat and knowing the mercury content 

of fish loaded on the same factor.  Factor 1 consisted of five items, and Factor 2 consisted 

of four items.  Items that loaded to Factor 1 represent making healthy fish choices.  Items 

that loaded to Factor 2 represent the discrete knowledge required to make healthy fish 

choices.  Therefore, both factors will be used for further analyses. 

Table 3 

Factor Loadings from Exploratory Factory Analysis for Perceived Power of Fish 

Consumers (N=52) 

 

 Factor 

Questions 1 2 

   

To what degree do you find the following aspects 

important when making a fish choice? 

  

knowing which fish to eat  0.81 

knowing fish portion sizes recommended for 

adults 

 0.90 

knowing fish portion sizes recommended for 

children 

 0.61 

determining how much fish to eat for my 

specific body weight 

 0.77 

remembering which fish to avoid or eat rarely 0.76  

having adequate knowledge about mercury 

content of fish to make healthy fish choices 

0.82  

not eating fish that should be avoided so I don't 

exceed the recommended limit for mercury 

0.88  

making fish choices to reduce my exposure to 

mercury 

0.82  
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knowing the mercury content of fish to make 

healthy fish choices 

0.92  

 

Since the subscale items were designed as mirror images to measure subjective 

and objective knowledge about the mercury content of fish and using that knowledge to 

make healthy fish choices, all items were retained for reliability testing.  Cronbach’s 

alpha coefficients were used to measure internal consistency reliability of the survey 

items (Table 4).  For a new instrument, a coefficient of 0.7 is deemed acceptable 

(Nunnally & Berstein, 1994).  

Table 4 

 

Pre-Test and Post-Test Cronbach Reliability for Perceived Behavioral Control Subscales 

(n=327) 

 

Subscale Number of items α 

Pre-Test   

    Control Beliefs 9 0.72 

     Perceived Power 9 0.94 

Post-Test   

     Control Beliefs 9 0.80 

     Perceived Power 9 0.96 

 

The Simulated Fish Choices tool (Appendix C) was used to measure simulated 

fish choices and whether those choices adhered to recommended weekly mercury limits 

for fish consumption.  The mercury content of fish and mercury exposure estimates for 

fish choices are presented in Table 5.  Fish choices categorized as low were less than 
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100% of the EPA estimated RfD limit for mercury exposure.  Fish choices categorized as 

high were greater than 100% of the EPA estimated RfD limit for mercury exposure.   

Participants made fish choices from three simulation scenarios.  The first scenario 

told participants they had eaten Chilean sea bass earlier in the week and they had the 

choice of eating scallops, mahi mahi, or not eating any more fish.  The Chilean sea bass 

on its own had a high mercury content, choosing any more fish was considered the “high” 

mercury content fish choice; choosing to not eat any more fish was considered the “low” 

choice.  The second scenario told participants they had eaten sardines at lunch and they 

had the choice of eating halibut, ahi tuna, or not eating any more fish.  Both the halibut 

and ahi tuna had high mercury content, choosing either fish was considered the “high” 

mercury content fish choice; choosing not to eat any more fish was considered the “low” 

choice.  The third scenario told participants they had eaten canned albacore tuna and they 

had the choice of eating sable fish, shrimp, or not eating any more fish.  The canned 

albacore tuna combined with the sablefish had a high mercury content, choosing sablefish 

was considered the “high” mercury content choice; choosing shrimp or not to eat any 

more fish were considered the “low” choice.   

Table 5 

Mercury Content and Mercury Exposure Estimates for Simulated Fish Choices Scenarios  

Scenario Fish 

Eaten 

 

Fish 

Choices 

 

Fish 

Portion 

(ounces, 

cooked) 
 

Mercury  

(ppm*) 

in fish 
 

 

Percent % 

Estimate of 

Mercury 

Exposure** 

for Fish 

Eaten 
 

 

 

Percent % 

Estimate of 

Mercury 

Exposure** 

for Fish 

Eaten and 

Fish Choice 

 

1 Chilean 

sea bass 

 6 0.386 172 172 
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  Scallops 6 0.050 22 194 

  Mahi 

mahi 

6 0.16 71 243 

  Avoid 

more fish 

 

- - - 172 

2 Sardines  4 0.016 5 5 

  Halibut 6 0.252 112 117 

  Ahi tuna 6 0.639 285 289 

  Avoid 

more fish 

 

- - - 5 

3 Albacore 

tuna, 

canned 

 3 0.353 79 79 

  Sable fish 6 0.220 98 177 
  Shrimp 6 not 

detectable 

not  

detectable 

79 

  Avoid 

more fish 

- - - 79 

Notes: *ppm = parts per million; **Percent % Estimate of Mercury Exposure is based on EPA 

RfD limit and is not to exceed 100%. 
 

Once the survey tools were uploaded to the study website, the website usability 

was tested.  With an independent sample of five participants, a test was conducted to 

assess logistics of the website, understanding of directions to make fish choices, 

directions to practice using the mercury calculator, directions to use the mercury 

calculator to make fish choices, ease of use, and time required to participate in the study.  

Feedback was used to improve usability.  

Variables 

Independent Variable  

The web-based mercury calculator was the independent variable in this study.  

The mercury calculator is an interactive tool used to estimate the percent of mercury 

exposure based on the RfD for mercury established by the EPA.  All study participants 
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were exposed to the intervention to use the mercury calculator to make fish choices. 

Mediating Variable 

 The mediating variable of the study was identified as the perceived behavioral 

control of the participant which was collected from the Perceived Behavioral Control tool 

during pre-test and post-test.  This was composed of the control beliefs and the perceived 

power subscales.  The list of questions for this instrument is presented in Appendix B. 

Dependent Variable   

Fish choice to adhere to the recommended limit for mercury exposure was the 

dependent variable considered in this study.  The data for this dependent variable was 

collected from the responses of participants on the Simulated Fish Choices tool 

(Appendix C)  gathered as the pre-test (T1) and post-test (T2).  Research questions and 

hypotheses, variables, and associated statistical analysis are listed in Tables 6 to 8. 

Table 6 

Independent Variable Category, Description, Level of Measurement, and Coding for  

Part I 

 
Independent 

Variable 

Category 

Variable Level of 

Measurement 

Description Code 

Mercury 

Calculator 

(PRI) 

   use mercury  

calculator 

Dichotomous     1=don’t use mercury 

calculator (pre-test)  

2=use mercury calculator 

(post-test)  

PRI1 

 

     

Table 7 

Mediating Variable Category, Description, Level of Measurement, and Coding for Part I 

 Mediating      

Variable  

Category  

Variable Level of 

Measurement 

Description Code 

  (PBC) 

Control 

beliefs (CB) 

difficult to know 

which fish and 

shellfish 

Ordinal 1=strongly disagree 

2=disagree 

3=somewhat disagree 

CB1 
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4=undecided  

5=somewhat agree  

6=agree 

7=strongly agree 

 

 familiar with 

portion size 

Ordinal 1=strongly disagree 

2=disagree 

3=somewhat disagree 

4=undecided  

5=somewhat agree 

6=agree 

7= strongly agree 

 

CB2 

 weekly amount of 

fish for body 

weight 

     Ordinal 1=strongly disagree 

2=disagree 

3=somewhat disagree 

4=undecided 

5=somewhat agree 

6=agree 

7=strongly agree 

 

CB3 

 difficult to 

remember fish to 

avoid 

 

Ordinal 1=strongly disagree 

2=disagree 

3=somewhat disagree 

4=undecided  

5= somewhat agree 

6=agree 

7=strongly agree 

 

CB4 

 adequate 

information about 

mercury content  

 

Ordinal 1=strongly disagree 

2=disagree 

3= somewhat disagree  

4=undecided 

5= somewhat agree 

6=agree 

7=strongly agree 

 

CB5 

 not eating fish to 

avoid / will not 

exceed limit  

Ordinal 1=strongly disagree 

2=disagree 

3=somewhat disagree 

4=undecided 

5=somewhat agree 

6=agree 

7=strongly agree 

 

 

CB6 
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 confident to make 

fish choices low 

mercury  

 

Ordinal 1=very unimportant 

2=unimportant 

3=somewhat unimportant 

4=undecided  

5=somewhat important 

6=important 

7=very important  

 

CB7 

 to make healthy 

choices, need 

mercury content 

 

    Ordinal 1=very unimportant 

2=unimportant 

3=somewhat unimportant 

4=undecided  

5=somewhat important 

6=important 

7=very important 

 

CB8 

(PBC) 

Perceived 

Power (FC) 

knowing which 

fish to eat 

    Ordinal 1=very unimportant 

2=unimportant 

3=somewhat unimportant 

4=undecided  

5=somewhat important 

6=important 

7=very important 

 

  FC1 

 being familiar 

with portion sizes  

Ordinal 1=very unimportant 

2=unimportant 

3=somewhat unimportant 

4=undecided  

5=somewhat important 

6=important 

7=very important 

 

FC2 

 knowing how 

much weekly fish 

for body weight  

 

 

Ordinal 1=very unimportant 

2=unimportant 

3=somewhat unimportant 

4=undecided  

5=somewhat important 

6=important 

7=very important 

 

FC3 

 remembering 

which fish to 

avoid  

 

Ordinal 1=very unimportant 

2=unimportant 

3=somewhat unimportant  

4=undecided 

 

 

FC4 
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5=somewhat important 

6=important 

7=very important 

 

 having adequate 

information to 

make choices  

 

 

Ordinal 1=very unimportant 

2=unimportant 

3=somewhat unimportant 

4=undecided 

5=somewhat important 

6=important 

7= very important 

 

FC5 

 not eating fish to 

avoid/ not to 

exceed limit  

 

 

Ordinal 1=very unimportant 

2=unimportant 

3=somewhat unimportant  

4=undecided 

5=somewhat important 

6= important 

7=very important 

 

FC6 

 making fish 

choice to reduce 

mercury exposure 

Ordinal 1=very unimportant 

2=unimportant 

3=somewhat unimportant  

4=undecided 

5=somewhat important 

6= important 

7=very important 

 

FC7 

 knowing mercury 

content of fish 

Ordinal 1=very unimportant 

2=unimportant 

3=somewhat unimportant  

4=undecided 

5=somewhat important 

6= important 

7=very important 

 

FC8 
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Table 8 

Dependent Variable Category, Description, Level of Measurement, and Coding for Part I 

 
Dependent 

Variable 

Category 

Variable Level of 

Measurement 

Description Code 

Adheres to 

limit for 

mercury 

exposure 

mercury dose 

of fish choice 

 

 

Dichotomous 1=high 

2=low 

MC1 

 estimated % of 

EPA limit for 

mercury exposure 

Dichotomous 

 

 

 

 

 

 

1= % RfD estimate  

   for MeHg exposure  

< 100%  

2= % RfD estimate  

   for MeHg exposure  

> 100%  

MC2 

 

 

 

 

 

 

Analyses 

Univariate Analysis 

Three-hundred forty-one individuals responded to the web-based survey.  The 

data was transferred into SPSS 19.0 for analysis.  Univariate analysis was used to 

describe the sample and examine variability.  The data gathered for this study was 

screened according to the screening for eligibility variables.  These variables included 

frequency of eating fish, treated for mercury toxicity, and use of a mercury calculator.  

Responses were examined to ensure inclusion criteria were met.   

Inclusion criteria for this study was that the individual has to not answer that they 

never eat fish, that they have not ever been treated for mercury toxicity associated with 

eating fish, they cannot currently use a mercury calculator to make fish choices, and 

lastly they must be at least 18 years old.  One participant was removed for being treated 

for mercury toxicity, six participants were removed for never eating fish, five participants 
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were removed for using a mercury calculator to make fish choices, and two participants 

were removed for being 17 years old.  Three-hundred twenty-seven participants met the 

inclusion criteria for Part I.   

Using a priori power analysis for an appropriate sample size should diminish 

outliers associated with small samples.  Since the number of outliers was small and 

associated with missing data, it was handled by analyzing only those cases with complete 

data (Duffy & Jacobson).  Measures of central tendency and standard deviation were 

reported for perceived behavioral control and simulated fish choices. 

Data was tested for normality to ascertain whether the assumptions of the 

statistical tests that were employed in the analyses have been met.  The importance of 

normality is based on the fact that most statistical methods assume the data is normally 

distributed, which in turn provides one with the most dependable and precisely 

interpretable results.  

Bivariate Analysis 

 McNemar’s test was used to test direction of change with “two dichotomous 

measures on the same subjects” (Munro, 2004, p.122).  To test for significance of change, 

McNemar’s tests were used to compare pre-test (T1) and post-test (T2) Control Beliefs 

and Perceived Power with fish choices to adhere to mercury exposure limits using the 

dichotomous variables of low or high mercury dose based on estimated percent for 

mercury exposure greater than or less than 100% of the EPA RfD.  

Multivariate Analysis  

 Logistic regression was used to explain the relationship between independent 

variables and a dichotomous or binary dependent variable (Munro, 2004) using the 
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maximum likely hood method.  A logistic model is non-linear and an iterative process is 

used for parameter estimation (Munro, 2005).  In this study, logistic regression was used 

to examine the relationships between fish choices, control beliefs, and perceived power to 

adhere to mercury exposure limits.  It was also used to determine the effect size of the 

independent variables and to test the covariate effects of Perceived Behavioral Control on 

fish choices to adhere to mercury exposure limits for findings from the pre-test and post-

test.  

 Assumptions for logistic regression include a binary dependent variable, that 

P(Y=1) is the probability of the event occurring, and that the model should be fitted 

correctly, which can be evaluated using the Hosmer-Lemeshow Test for goodness of fit  

(Munro, 2005).  There should be no outliers in the model.  Independent predictor 

variables were tested for multicollinearity.  If correlation coefficients among the 

independent variables are less than 0.90 the assumption is met (Tabachnick & Fidell, 

2001).  Comparison of observed probabilities to those predicted by the model was based 

on the log likelihood function (-2 LL).  A good model results in a high likelihood of 

observed results and a small value for -2 LL or a perfect fit of -2 LL equal to 0.  Model 

coefficients are tested using chi-square or Wald test and values for Cox & Snell and 

Nagelkerke tests to determine the amount of variance accounted for or strength of 

association (Munro, 2005). 

Research questions and hypotheses, variables, and associated statistical analysis 

are listed in Table 9. 
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Table 9 

Research Question, Hypotheses, Variables and Statistical Analysis for Part I 

Research Question 

 

Hypothesis Variable 
Independent / 

First 

Variable 

Dependent 

Second  

Statistical 

Analysis 

Part I     

RQ1: How does fish 

consumers’ level of 

perceived behavioral 

control (knowledge) 

about the mercury 

content of fish relate to 

making healthy fish 

choices?  

 

H1a CB1-CB8 

FC1-FC8 

 

 

MC1-MC2 

 

 

 

McNemar test  

 

Logistic 

regression 

RQ2: Will using a web-

based mercury calculator 

(tailored information 

about the mercury 

content of fish choices) 

to make fish choices 

affect fish consumers’  

level of                  

perceived behavioral 

control?  

 

 

H2a 

       

 PRI1 
 

CB1-CB8 

FC1-FC8 

 

McNemar test  

 

Logistic 

regression 

 

 

 

 

 

 

RQ3: Will using a web-

based mercury calculator 

(tailored information 

about the mercury 

content of fish choices) 

to make fish choices 

alter fish consumers’ 

choice of fish? 

H3a       PRI1 MC1-MC2 

 

McNemar test  

 

Logistic 

regression 

 

Notes: Variables are coded as PRI1: use mercury calculator, CB: control beliefs, FC: perceived 

power, MC: adheres to limits for mercury exposure. 
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Part II 

Study Design 

 In Part II of this study, a cross-sectional design was used to collect data to test the 

model for technology acceptance of the web-based mercury calculator by fish consumers.  

This design is commonly used to collect data for variables of interest and the theorized 

relationships among those variables investigated through the use of structural equation 

modeling (SEM) (Munro, 2005).  Two instruments were used for the study.  These 

included the Screening Questions and Demographic Characteristics tool (Appendix A) 

and the Technology Acceptance: Acceptance of Mercury Calculator tool (Appendix D).  

These web-based instruments were self-administered using ZAP Survey as described in 

Part I.  The study population was the same set of respondents from the convenience 

sample of volunteers who eat fish that were recruited for Part I.  

Study Population  

The target population for this study was fish consumers from Puget Sound and the 

west central coastal region of Washington State.   

Sampling  

 Three-hundred twenty-seven participants from Part I were screened for missing 

data in Part II.  Missing data was handled by analyzing only those cases with complete 

data.  Participants who did not answer items from perceived ease-of-use, perceived 

usefulness, and intent to use the mercury calculator portions of the survey were removed.  

Therefore 73 participants were removed.  Two-hundred fifty-four participants were 

included in Part II of the study.   
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According to Barrett, no routine or straightforward way to assess statistical power 

for modeling procedures exists (2007).  As well, sample size recommendations vary. 

Norris (2005) recommends a minimum sample size of 100 to 200 subjects for SEM. 

Bacon (2009) indicates that most publications using SEM have samples ranging from 200 

to 400 with 10 to 15 observed variables.  Barrett advocates that in most cases SEM 

analyses based on a sample size less than 200 be rejected for publication.   

Data Collection Tools 

The Technology Acceptance: Acceptance of Mercury Calculator tool (Appendix 

D) was composed of six items to measure perceived ease-of-use of the mercury 

calculator, seven items for perceived usefulness of the mercury calculator, and three 

items to measure intent to use the mercury calculator.   

Instrument Development 

 The Technology Acceptance: Acceptance of Mercury Calculator tool (Appendix 

D) was designed to measure acceptance of the mercury calculator by fish consumers.  

Items for perceived usefulness and perceived ease-of use were modeled after items tested 

by Davis (1989) with modification for the context of this study.  Davis reported 

Cronbach’s alpha reliabilities of 0.92 to 0.95 were obtained for items for perceived 

usefulness and Cronbach’s alpha reliabilities of 0.90 to 0.91 for items for perceived-ease-

of-use.  Items developed for behavioral intent to use the mercury calculator were modeled 

after items developed by Venkatesh, Speier, & Morris, (2002) with Cronbach’s alpha of 

0.90.  These items were also modified to be consistent with the context of this study.  

Recommendations by Ajzen (2006) for item development using the TPB were employed.  

Confirmatory factor analysis (CFA) was used to determine how well the items 
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represented the latent variables.  Results have been included with discussion of the 

statistical analysis used to test the measurement model for SEM.  

Variables 

Latent Variables  

 In the model, the latent variables included the mediating variables, perceived 

ease-of-use and perceived usefulness, and the dependent variable, intent to use the 

mercury calculator.  Data for these variables were collected from the responses of the 

participants on the Technology Acceptance: Acceptance of Mercury Calculator tool 

(Appendix D).  This determined the participants’ level of agreement regarding ease-of-

use of the mercury calculator and usefulness of tailored feedback about estimated 

mercury exposure associated with fish choices.  The Technology Acceptance tool was 

used to determine the level of agreement of the participants to use a mercury calculator 

when making fish choices.   

Exogenous Variables  

 The demographic variables in the model were treated as exogenous variables.  

This included age, gender, and educational level.  Decision-making was also treated as an 

exogenous variable.  Data for these variables was gathered using items from the 

Screening Questions and Demographic Characteristics tool (Appendix A).  

Endogenous Variables 

 In the proposed model, frequency of fish consumption (Appendix A), perceived 

ease-of-use, perceived usefulness, and intent to use the mercury calculator were 

endogenous variables.  Items for the variables perceived ease-of-use, perceived 
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usefulness, and intent to use the mercury calculator were from the Technology 

Acceptance: Acceptance of Mercury Calculator tool (Appendix D).   

 A description of the different types of variables, level of measurement, and coding 

are listed in Tables 10 to 12.  

Table 10 

Exogenous Variable Category, Description, Level of Measurement, and Coding for Part 

II 

 
Exogenous 

Variable 

Category 

Variable Level of 

Measurement 

Description Code 

Demographics 

(D) 
Age  Continuous  0= #Years D1 

 sex Dichotomous 0=male 

1=female 

D2 

 

 

 level of 

education 

Ordinal  1=None 

2=Elementary high 

school diploma 

3=High school diploma 

or the equivalent (GED) 

2=Associate degree 

3=Bachelor’s degree 

4=Master’s degree 

5=Professional degree 

(MD, DDS, DVM, LLB, 

JD, DD)  

6=Doctorate degree 

(Ph.D. or Ed.D.) 

 

D4 

 decision- 

making 

processes 

Categorical  1=I eat fish and haven’t 

changed that; the benefits 

of eating fish outweigh 

the risks.   

 

2=I don’t eat enough fish 

to be at risk, my risk is 

less than the risk faced 

by others. 

 

D8 
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3=I reduce risk by eating 

fish that are 

recommended and 

avoiding fish that are not. 

   

4=I eat less fish, but I 

don’t like trading off a 

healthy food like fish to 

reduce risk.   

 

5=I eat fish and haven’t 

changed that; I don’t trust 

information about risk. 

 

Table 11 

Endogenous Variable Category, Description, Level of Measurement, and Coding for  

Part II 

 
Frequency of 

fish 

consumption 

 

 

eat fish Ordinal 1=several times a day 

2=daily 

2=several times a week 

3=weekly 

4=several times a month 

5=less than monthly 

6= never 

 

SE1 

Perceived 

usefulness of 

mercury 

calculator 

(PUM) 

useful to make  

fish choices 

Ordinal 1=strongly disagree 

2=disagree 

3=somewhat disagree  

4=undecided agree 

5=somewhat agree 

6=agree  

7=strongly agree 

 

PUM1 

 useful to know 

portion size 

 1=strongly disagree 

2=disagree 

3=somewhat disagree  

4=undecided agree 

5=somewhat agree 

6=agree 

 

PUM2 

 useful to know 

frequency of 

meals 

Ordinal 1=strongly disagree 

2=disagree 

3=neutral 

PUM3 
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4=undecided agree 

5=somewhat agree 

6=agree 

7=strongly agree 

 

 useful to 

determine 

weekly fish 

choices for body 

weight 

Ordinal 1=strongly disagree 

2=disagree 

3=neutral 

4=undecided agree 

5=somewhat agree 

6=agree 

7=strongly agree 

 

PUM4 

 useful to reduce 

mercury 

exposure 

Ordinal 1=strongly disagree 

2=disagree 

3=somewhat disagree  

4=undecided  

5=somewhat agree 

6=agree 

7=strongly agree 

 

PUM5 

 useful to estimate 

mercury 

exposure 

Ordinal 1=strongly disagree 

2=disagree 

3=somewhat disagree 

4=undecided  

5=somewhat agree 

6=agree 

7=strongly agree 

 

PUM6 

Perceived 

ease-of-use of 

mercury 

calculator 

(PEM) 

easy to find fish 

and shellfish in 

mercury 

calculator 

Ordinal 1=strongly disagree 

2=disagree 

3=somewhat disagree 

4= undecided  

5=somewhat agree 

6=agree 

7=strongly agree 

 

PEM1 

 easy to enter 

portion size 

in mercury 

calculator 

Ordinal  1=strongly disagree 

2=disagree 

3=somewhat disagree 

4=undecided  

5=somewhat agree 

6=agree 

7=strongly agree 

 

PEM2 
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 easy to enter 

body weight 

in mercury 

calculator 

 

Ordinal 1=strongly disagree 

2=disagree 

3=somewhat disagree 

4=undecided  

5=somewhat agree 

6=agree 

7=strongly agree 

 

PEM3 

 

 easy to get 

mercury 

calculator to do 

what I want 

Ordinal 

 

1=strongly disagree 

2=disagree 

3=somewhat disagree 

4=undecided  

5=somewhat agree 

6=agree 

7=strongly agree 

PEM4 

 

 learning to use 

mercury 

calculator is easy 

 

 

 

 

 

overall, it is easy 

to use mercury 

calculator 

Ordinal  

 

 

 

 

 

 

 

Ordinal 

 

 

1=strongly disagree 

2=disagree 

3=somewhat disagree 

4=undecided  

5=somewhat agree 

6=agree 

7=strongly agree 

 

1=strongly disagree 

2=somewhat disagree 

3=disagree 

4=undecided 

5=somewhat agree 

6=agree 

7=strongly agree 

 

PEM5 

 

 

 

 

 

 

 

PEM6 

Table 12 

Dependent Variable Category, Description, Level of Measurement, and Coding for Part 

II 

 
Dependent 

Variable 

Category 

Variable Level of 

Measurement 

Description Code 

     

Intent to use  

mercury 

calculator 

(IMC) 

chance to use 

mercury 

calculator 

Ordinal 1=strongly disagree 

2=disagree 

3=somewhat disagree 

4=undecided 

IMC1 
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5=somewhat agree 

6=agree 

7=strongly agree 

 
 plan to use  

mercury 

calculator 

Ordinal 1=strongly disagree 

2=disagree 

3=somewhat disagree 

4=undecided 

5=somewhat agree 

6=agree 

7=strongly agree 

IMC2 

 willingness to use 

mercury 

calculator 
 

Ordinal 1=strongly disagree 

2=disagree 

3=somewhat disagree 

4=undecided 

5=somewhat agree 

6=agree 

7=strongly agree 

 

IMC3 

 

Analysis 

Univariate Analysis  

Univariate analysis was used to examine variability for the two-hundred fifty-four 

participants from Part I, who responded to survey items for Part II.  Data was screened 

for univariate outliers, defined as responses greater than 3.29 standard deviations from 

the mean (Tabachnick & Fidell, 2007).  A total of 32 participants had values that were 

further than 3.29 standard deviations from the mean.  These participants were removed.  

Two-hundred twenty- two participants were then included in multivariate analysis.  

Multivariate Analysis   

 These two-hundred twenty-two participants were screened for multivariate 

outliers.  Education and frequency of fish consumption were ordinal variables with over 

four categories.  Since Mplus is robust at handling ordinal data, education and frequency 
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of fish consumption were kept as single variables.  The decision-making variable had five 

categories which were not ordinal and were dummy-coded to be four variables, with not 

trusting the information about risk being the reference category.  With twenty-three 

variables to be included in the regression analysis (6 for perceived ease-of-use, 6 for 

perceived usefulness, 3 for intent to use, 1 for age, 1 for sex, 1 for education, 4 for 

decision-making, 1 for frequency of fish consumption), the critical χ
2
 (23) = 41.64.  

Multivariate outliers were operationalized as cases with Mahalanobis Distance Values 

greater than 41.64.  A total of 20 participants were removed for having Mahalanobis 

Distance Values greater than 41.64.  Two-hundred and two participants were included in 

Part II.  

            Structural Equation Modeling 

In Part II of this study, structural equation modeling (SEM) was used to test the 

model for technology acceptance by fish consumers.  SEM combines confirmatory factor 

analysis (CFA) and multiple regression analysis to study both the measurement model 

and structural properties of the model.  Several ordered steps were followed to test the 

model.  These included developing the theoretical model, conducting the CFA, 

constructing a path diagram, assessing model identification, evaluating estimates and 

model fit, interpreting and analyzing the model, and the final model (Garson, 2009, 

Norris, 2005).   

Model Specification 

Model specification involved formally specifying the constructs and the 

relationships between the constructs.  The formative SEM was built based on theory and 

empirical evidence.  The variables of interest and direction of influence between the 
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variables were specified in the model (Figure 4).  The measurement model included 

formative indicators for the composite latent variables perceived ease-of-use, perceived 

usefulness, and intent to use the mercury calculator.  For these variables, the direction of 

influence was from indicators to construct (Figure 5).  Reasons to model a construct with 

formative indicators can include if the indicators are defining characteristics of the 

construct, if changes in the indicators cause changes in the construct, or if changes in the 

construct will not cause changes in the indicators (Burke Jarvis, Mackenzie, & Podsakoff, 

2003).  Also consistent with SEM convention, the constructs or latent variables were 

depicted as ovals and the indicators for the latent variables were depicted as rectangles 

(Garson, 2009). 

For adequate theory testing, the model needed to be overidentified.  To achieve 

this, three or more indicators were used for each of the latent variables (Garson, Norris, 

2005).  SEM includes CFA, which was used to test the measurement model as previously 

indicated.  Parameter estimates were used to establish how well the indicators 

corresponded to the latent variables (factors).  Parameter estimates used for this include 

variances and covariances of the indicators and factor loadings and residuals.  Indicators 

should have coefficients (factor loadings) of 0.7 or higher on the latent factors (Norris).   

The relationships between indicators or observed variables and latent variables 

were indicated by arrows (Figure 5).  The path model depicts directional relationships 

among variables.  A straight arrow was used to specify a recursive relationship.  Fixed 

parameters and free parameters were used to describe the relationships between the 

constructs.  The parameter for relationships hypothesized to exist between variables was 

unfixed and estimated.  For relationships not theorized to exist the parameter was fixed at 
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zero and not estimated (Garson, 2009, Norris, 2005).  Model identification was based on 

calculation of the models’ degrees of freedom.  The formula can be written as Model df= 

(P*[(p+1/2})-k (Norris, 2005, p.417). 

 

                               

                                                                                  

                                                     

                                                                                

                                         

                                                              

                                                                    

                             

                   

                          

 

 

Figure 5. The latent variables and formative indicators for technology acceptance by fish 

consumers.  

 

 

Model Estimation 

Maximum likelihood (ML) estimation is a method commonly used to estimate the 

best fitting parameters for the model (Bacon, 2009, Garson, 2009).  A fit function is 

calculated to describe the fit of the parameters to the data until the model is said to  

converge.  Model fit statistics were analyzed to determine the strengths of the  
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relationships between the independent variables and dependent variable.  

  

Behavioral intent to use the mercury calculator was regressed on perceived-ease-

of-use, perceived usefulness, age, gender, education level, decision-making, and 

frequency of fish consumption.  Linearity between variables was tested using scatterplots.  

The predictors were tested for multicollinearity using regression analyses.  Collinearity 

refers to the fact that the independent variables are not only related to the dependent 

variable but also related to one another as well.  When this is present, misinterpretations 

can be made since the independent variables are dependent on one another which in turn 

may inflate the standard deviations and standard errors which are used in tests of 

significance (UCLA: Academic Technology Services).  To examine the collinearity 

between the independent variables, the variance inflation factor (VIF) was calculated. 

The VIF indicates how much variance in the independent variable is inflated when the  

other variables have been included in the model.  VIF’s of 1 indicates no correlation 

among the variables while VIF’s exceeding 4 suggest further consideration is necessary 

(Simon, 2004).  VIF’s in excess of 10 indicate multicollinearity (Simon).  

Goodness of Fit 

To determine if the model will be accepted or rejected, at least 3 to 4 tests are 

recommended.  Goodness of fit was evaluated using chi-square for the null hypothesis 

significance test (Garson, 2009).  Chi-square (x
2
) is an absolute fit index.  A non-

significant chi-square indicates that the parameters that were estimated for the model fit 

the data.   

A variety of approximate fit indexes used with SEM are provided with Mplus 

(Muthen & Muthen, 2007).  These are used to index the degree of fit or the degree of 
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discrepancy as an additional source of information by which to judge the model (Barrett, 

2007).  For this study, the comparative fit index (CFI) and standardized root mean square 

residual (SRMR) were used.  The CFI had a cut-off value of equal to or greater than 0.90 

for an acceptable fit and equal to or greater than 0.95 for a good fit (Hu & Bentler, 1999), 

The Tucker-Leis Index (TLI) has a cut-off of 0.95.  SRMR less than .05 was used to 

indicate a good model and a root mean square error of approximation (RMSEA) less than 

.05 for a good fit or less than .08 for an acceptable fit (Kline, 2010).  Confidence intervals 

were reported.  Chen, Curran, Bollen, Kirby, and Paxton (2009) suggest that universal 

cutoff values to determine adequate model fit have limitations and that “choice of cutoff 

values depend on model specification, degrees of freedom, and sample size” (p.462).  

Model Modification 

Modification indexes were used to improve model fit (Garson, 2009).  However, 

modifications needed to be consistent with theory used to propose the model.  Research 

questions and hypotheses, variables, and associated statistical analysis for Part II are 

listed in Table 13. 

Table 13 

 

Research Questions, Hypotheses, Variables and Statistical Analysis for Part II 

 

Research Question Hypothesis Variable 
Independent / 

First 

Variable 
Dependent/  

Second 

Statistical 

Analysis 

 

           Part II     

RQ1: Does perceived 

ease-of-use of the 

mercury calculator affect 

perceived usefulness of      

the mercury calculator? 

       H1a 

 

 

 

      

PEM1-PEM3 PUM1- PUM6 Multiple 

regression 

analysis 
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RQ2: Does perceived 

ease-of-use of the 

mercury calculator affect 

behavioral intent to use 

the mercury calculator?  

 

 

H2a 

 

 

 

PEM1-PEM3 

 

IMC1-IMC3 
 

Multiple 

regression 

analysis 

 

 

 

RQ3: Does perceived 

usefulness of the 

mercury calculator affect 

behavioral intent to use       

the mercury calculator? 

 

H3a 

 

 

 

 

PUM1- PUM6 IMC1-IMC3 Multiple 

regression 

analysis 

 

RQ4: Does age affect 

perceived ease-of-use of 

the mercury calculator? 

 

H4a 

 

D1 

 

PEM1-PEM6 Multiple 

regression 

analysis 

 

RQ5:  Does gender 

affect perceived 

usefulness of the 

mercury calculator? 

 

H5a 

 

D2 PUM1- PUM6 Multiple 

regression 

analysis 

 

RQ6: Does educational 

level affect intent to use 

the mercury calculator? 

 

H6a 

 

 

 

D4 IMC1-IMC3 Multiple 

regression 

analysis 

 

RQ7: Will the decision-

making processes used 

by fish consumers affect 

perceived usefulness of 

the mercury calculator? 

 

      H7a 

 

D8 PUM1-PUM6 Multiple 

regression 

analysis 

 

RQ8: Does age affect 

frequency of fish 

consumption?  

 

H8a 

 

D1 SE1 Multiple 

regression 

analysis 

 

RQ9: Does frequency of 

fish consumption affect 

intent to use the mercury 

calculator?  

 

H9a 

 

SE1 IMC1-IMC3 Multiple 

regression 

analysis 

 

Notes: Variables are coded as PUM: perceived usefulness of mercury calculator, PEM: perceived 

ease-of-use of mercury calculator, IMC: intent to use mercury calculator, D: demographic 

(D1=age, D2=sex, D4=level of education, D8=decision-making), SE1: frequency of fish 

consumption. 
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Chapter 5: Data Analysis and Presentation of Results  

 

Descriptive Statistics for Sample 

The study population was recruited from a sample of students, staff, and faculty 

of South Puget Sound Community College (SPSCC).  A total of 341 participants 

completed the web-based questionnaires.  Three-hundred twenty-seven participants met 

the criteria for inclusion.   

The youngest participant was 18 years old.  The oldest participant was 68 years 

old.  The average age for all the participants was 35.68 years old (SD = 12.85) (Table 14).   

Table 14  

Mean Age of Fish Consumers  

 M SD 

   

Age 35.68 12.85 

Notes: (n=327) 

 

Descriptive statistics for participants are presented in Table 15.  The majority of 

the participants were female (70.0%).  Most of the participants were white (80.1%).  The 

majority of the participants had an Associate Degree or higher (63.4%).  Income levels 

ranged from less than $10,000 to over $80,000, with a median income of $40,000 to 

$59,999.  Most of the participants were students (248, 76.8%).  Only 6.8% (22) of the 

participants used the Washington State Healthy Fish Guide to make fish choices.  Fifty-

five (16.8%) participants indicated that they eat fish several times a week.  Ninety-five 

(29.1%) participants indicated that they eat fish weekly.  Ninety-nine (30.3%) 

participants indicated that they eat fish monthly.  Of the participants responding to the 



70 

 

 

item for populations at risk, 30.9% (105) identified themselves to be recreational fishers, 

94 participants (27.7%)  reported eating sport-fish, 35 participants (10.3%) intended to 

become pregnant, 10 participants (2.9%) were pregnant, and 9 participants (2.7%) were 

nursing mothers.  Sixty-six participants (20.5%) eat fish that are recommended and avoid 

eating fish that are not.  One-hundred twelve participants (34.8%) who eat fish indicated 

they feel as though the benefits of eating fish outweigh the risks.  One-hundred twelve 

participants (34.8%) indicated they feel as though they don’t eat enough fish to be at risk.  

Twenty participants (6.2%) reported eating less fish to reduce risk.   

 Although demographic data about fish consumers point to widely divergent 

characteristics, participant demographics are consistent with several demographics 

commonly cited.  In the United States, fish consumers tend to be females, health-

conscious people, well educated, and have higher incomes (Hightower, & Moore, 2003).  

Fish consumers also tend to be Asian, Pacific Islander, and Native American (Hightower, 

O’Hare, & Hernandez, 2006).  In this study, persons of ethnic minority were a small 

percentage of the sample.  This finding is consistent with demographic data for ethnic 

minorities at SPSCC.  Eighty-five percent of the students enrolled at SPSCC are residents 

of Thurston County (SPSCC Office of Institutional Research, 2011). 

 

Table 15 

 

Demographic Characteristics, Decision-Making, and Frequency of Fish Consumption for 

Fish Consumers (n=327) 

 

Demographic  n    % 

What is your sex?   

 Male 

Female 

97 

226 

30.0 

70.0 
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What is your race/ethnicity?   

 White 262 80.1 

 Hispanic 12 3.7 

 Black 5 1.5 

 Asian 23 7.0 

 Hawaiian/Pacific Islander 3 0.9 

 Native American/Eskimo 4 1.2 

 Other 18 5.5 

What is your level of education?   

 Elementary school 1 0.3 

 High school or GED 117 36.3 

 Associate Degree 96 29.8 

 Bachelor's Degree 60 18.6 

 Master's Degree 38 11.8 

 Professional Degree 3 0.9 

 Doctorate Degree 7 2.2 

Income   

 Less than 10,000 36 11.5 

 10,000 - 19,999 39 12.5 

 20,000 - 39,999 60 19.2 

 40,000 - 59,999 64 20.4 

 60,000 - 79,999 48 15.3 

 80,000+ 66 21.1 

What is your role at South Puget Sound Community College?   

 Student 248 76.8 

 Staff 28 8.7 

 Faculty 

Not affiliated                                         

33 

14 

10.2                            

4.3 
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Are you or do you 

   A recreational fisher?                                                                       

   Eat sport-fish?                                                                                

   Intent to become pregnant?                                                          

   Pregnant?                                    

   A nursing mother?                        

   None of the above                                                                      

 

105 

94 

35 

10 

9 

168 

 

30.9 

27.7 

10.3 

2.9 

2.7 

49.4 

Do you use the Washington State Healthy Fish Guide to make fish 

choices? 
  

 Yes 22 6.8 

 No 300 93.2 

How frequently do you eat fish?   

 Daily 5 1.5 

 Several times a day 2 0.6 

 Weekly 95 29.1 

 Several times a week 55 16.8 

 Monthly 99 30.3 

 Several times a month 71 21.7 

Which statement best describes your decision-making about eating 

fish? 
  

 I eat fish and haven't changed that; the benefits of fish outweigh the 

risks 

112 34.8 

 I don't eat enough fish to be at risk; my risk is less than the risk faced 

by others 

112 34.8 

 I reduce risk by eating fish that are recommended and avoiding fish 

that are not 

66 20.5 

 I eat less fish, but I don't like trading off a healthy food like fish to 

reduce risk 

20 6.2 

 I eat fish and haven't changed that; I don't trust the information about 

risk 

12 3.7 
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SPSCC is located in Olympia, a city on the western coast of the state of 

Washington.  Coastal populations have increased patterns of fish consumption compared 

to populations living in other areas.  The study sample was representative of this coastal 

population.   Population data for Olympia, Washington is presented in Table 16.   

Table 16 

Population Data for Olympia, Thurston County, Washington State, and SPSCC 

U.S. Census Bureau     Olympia,              Thurston       Washington          SPSCC        Student  

          2010                        WA                   County           State                   2010        Demographics  

 

Population 

 

46,478 

 

252, 264 

 

6,724,540 

 

 

All students 

 

6,920 

Females 

 

52.7% 51.3% 50.2%  58.0% 

    Median age 

years 

28 

Persons under 5 

years  

 

5.4% 6.1% 6.5%   

Persons under 18 

years 

 

19.5% 23.0% 23.5   

Persons = / > 65 

years-old 

 

13.9% 

 

13.0% 

 

12.3%   

White 

 

83.7% 82.4% 77. %  60.0% 

Black 

 

2.0% 2.7% 3.6%  2.6% 

American 

Indian/Alaskan 

Native 

 

1.1% 1.4% 1.5%  1.3% 

Native Hawaiian 

/Other Pacific 

Islander 

 

0.4% 0.6% 0.8%   

Asian 6.0% 5.2% 7. 2% Asian/Pacific 

Islander 

7.3% 

      

High school 

graduates,  

= / > 25 years-old 

 

94.4% 92.6% 89.6%   
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Bachelor’s degree 

or higher,  = / > 25 

years-old 

 

44.5% 31.6% 31.0%   

Median household 

income 
$49,461 $60,930 $57,244   

Notes: Olympia is the county seat of Thurston County and the capital of Washington. Population 

data was retrieved from State and County QuickFacts, U.S. Census Bureau, 2010. South Puget 

Sound Community College (SPSCC) is located in southwest Olympia, WA. Data for SPSCC was 

retrieved from http://www.spscc.ctc.edu/sites/spscc/upload/filemanager/groups/institutional-

research/Reports/2009-10-Fact-Book.pdf  

 

 In 2009, more than 6,920 students enrolled at SPSCC.   The median age of  

enrolled students was 28 years and females accounted for 58% of the student body  

(SPSCC Office of Institutional Research, 2011).  Age ranged from 18 years to 

68 years for study participants.  With the exception of fish eaters less than 18 years of  

age, the age range of participants in the sample was representative of the broad audience  

of fish eaters targeted by the Washington State Healthy Fish Guide (Washington State  

Department of Health (Producer), (2008).  Conversely, the FDA/EPA advisory narrowly  

targets at risk populations associated with fish consumption which includes children and  

women of child-bearing age.  The sample was representative of a targeted at-risk  

population of women of childbearing age (18 to 45 years-old) identified by the FDA/EPA  

fish consumption advisory.  

Part I 

Univariate Analysis  

 

            Fish Choices to Adhere to Mercury Exposure Limit 

 

   While taking the survey, participants were given three scenarios (Appendix C) in 

which they were told they had already eaten one fish and were given the choice to eat one 

of two fish listed, or not eat any more fish that week.  Participants then used a mercury 



75 

 

 

calculator to determine if their choice was above or below the EPA recommended limit 

for mercury consumption.  At the end of each calculation, participants were asked again 

what their fish choice would be.  Simulated fish choices scenarios and mercury content of 

fish choices were described in Chapter 4.  Frequencies and percentages for low/high 

mercury fish choices are presented in Table 17.   

For scenario 1, the majority of the participants selected the high mercury choice 

(245, 78.5%) before they used the calculator.  Once they used the calculator, a lesser 

number of participants selected the high mercury choice, but it was still the majority 

(161, 56.1%).   For scenario 2, the majority of the participants selected the high mercury  

Table 17 

Frequency of Low/High Mercury Fish Choices by Fish Consumers Before and After 

Using Mercury Calculator  

 

 Low mercury choice  High mercury choice 

 

Fish 

Choice 

Scenario 

      Before using 

     the calculator 

   After using  

the calculator   

             

 Before using 

the calculator 

    After using  

the calculator 

  n %  n %  n %  n % 

             

1  67 21.5  126 43.9  245 78.5  161 56.1 

             

2  126 43.9  92 33.8  161 56.1  180 66.2 

             

3  274 87.5  250 94.0  39 12.5  16 6.0 

Notes: (n=327) 

choice before they used the calculator (208, 66.9%).  Once they used the calculator, 

almost the same percentage of participants selected the high mercury choice again (180, 
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66.2%).  For scenario 3, the majority of the participants selected the low mercury choice 

before using the calculator (274, 87.5%).  After using the calculator, a higher percentage 

of participants selected the low mercury choice (250, 94.0%). 

Low/High Scores for Perceived Behavioral Control  

Perceived Behavioral Control consisted of two composite scores: Control Beliefs 

and Perceived Power.  The scores were dichotomized into “low” and “high.”  A score of 

4 (undecided) was used to divide low scores and high scores.  A “low” score was a score 

of 4.0 or less; a “high” score was a score above 4.0.  For Control Beliefs, a low score was 

to “disagree” and a high score was to “agree”. For Perceived Power, a low score was 

“unimportant” and a high score was “important”.   Frequencies and percentages for 

low/high scores for Perceived Behavioral Control are presented in Table 18. 

Table 18 

Frequency of Low/High Scores for Fish Consumers’ Perceived Behavioral Control  

 Control 

Beliefs 

Perceived 

Power 

Control  

Beliefs 

Perceived  

Power 

 

Low/High 

Scores 

 

Before calculator use 

 

After calculator use 

 

 n % n % n % n % 

         

        Low 208 65.2 52 16.7 126 48.6 28 11.1 

         

        High 111 34.8 260 83.3 133 51.4 225 88.9 

Notes: (n=327) 

The majority of the participants had low scores for control beliefs before they 

used the mercury calculator (208, 65.2%) while the majority had high scores after they 
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used the calculator (133, 51.4%).  The majority of participants before and after the 

mercury calculator was used had high scores for perceived power.  The percent of 

participants with high scores increased from 83.3% (260) before they used a calculator to 

89.9% (225) after they used the calculator.  

Bivariate Analysis 

             Low/High Scores for Fish Consumers’ Perceived Behavioral Control 

McNemar’s tests were conducted to determine if there was a statistical difference 

in the number of participants with low/high Control Beliefs and Perceived Power before 

and after using the mercury calculator.  Results of the McNemar’s tests for Perceived 

Behavioral Control are presented in Table 19.  The dichotomous (low/high) Control  

Table 19 

McNemar’s Tests for Fish Consumers’ Perceived Behavioral Control to Make Fish 

Choices  

 

 After  

 Low High p 

       Before    

Control beliefs   .001 

    Low 102 68  

    High 24 65  

Perceived power   .036 

    Low 20 20  

    High 8 204  

Notes: (n=327 

Beliefs and Perceived Power scores were used.  Control Beliefs scores were significant, p 

< .001, suggesting the number of “high” knowledge participants increased from before 

using the mercury calculator to after using the mercury calculator.  Perceived Power 
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scores were also significant, p = .036, suggesting the number of participants who consider 

knowledge about fish important increased from before using the mercury calculator to 

after using the mercury calculator.   

A McNemar’s test was conducted to determine if there was a change in the 

number of participants who made healthy fish choices (selecting low mercury fish vs. 

high mercury fish) changed after using the mercury calculator.  Making healthy fish 

choices was measured with three fish choices.  If participants chose the high mercury 

content choices at least two out of the three choices, they were coded as 1 and all other 

participants were coded as a 0.  

 The result of McNemar’s test (Table 20) was significant, p < .001, suggesting 

there was a difference between the number of participants who selected high mercury fish 

Table 20 

McNemar’s Test for Fish Consumers’ Healthy Fish Choices Before and After Using the 

Mercury Calculator  

 

 After  

 Low High p 

        Before 

Mercury content of  

fish 

.001 

Low 87 17  

High 66 96  

Notes: (n=327) 

before and after the mercury calculator was used.  The number of participants who 

selected high mercury fish significantly decreased after using the mercury calculator.   
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Pre-Test Post-Test Scores for Perceived Behavioral Control  

 Control Beliefs and Perceived Power items were given before and after the 

participants used the mercury calculator.  The Control Beliefs section had nine items with 

possible responses ranging from 1 = strongly disagree to 7 = strongly agree.  Items 1 and 

item 5 were reverse-coded, and a control beliefs score was created by taking the mean of 

all of the items in that section.  The Perceived Power section had nine items with possible 

responses ranging from 1 = very unimportant to 7 = very important.  A Perceived Power 

score was created by taking the mean of all of the items for that section.  The t test was 

used to determine if the difference between pre-test and post-test scores for fish 

consumers’ Perceived Behavioral Control was statistically significant (Table 21).   

Table 21 

Pre-Test Post-Test Scores for Fish Consumers’ Perceived Behavioral Control  

 Before calculator used After calculator used  

 M SD Range M SD Range t p 

Control 

beliefs 

3.64 0.96 1.44 - 6.33 4.09 1.08 1.00 - 7.00 -6.71 

 

< .001 

Perceived 

power 

 

5.13 1.35 1.78 - 7.00 5.60 1.37 1.00 - 7.00 -6.10 

 

< .001 

Notes: (n=327); M=mean; SD=standard deviation.  

 

 Before the mercury calculator was used, the lowest Control Beliefs score was 1.44 

and the highest Control Beliefs score was 6.33.  The mean score was 3.64 (SD = 0.96), 

suggesting that on average, participants answered below undecided (4) for most of the 

items.  After the calculator was used, the lowest Control Beliefs score was 1.78 and the 

highest Control Beliefs score was 7.00.  The mean score was 4.09 (SD = 1.08), 
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suggesting that on average, participants answered above undecided (4) for most of the 

items.  After using the mercury calculator to make fish choices, fish eaters reported 

statistically higher levels of Control Beliefs (M = 3.64, SD = 0.96), t (258) = -6.71, p < 

.001. 

 Before and after the calculator was used, the lowest Perceived Power score was 

1.00 and the highest Perceived Power score was 7.00.  The mean score before the 

calculator was used was 5.13 (SD = 1.35), suggesting that on average, participants 

answered above somewhat important (5) for most of the items.  The mean score after the 

calculator was used was 5.60 (SD = 1.37), suggesting participants answered most items 

above somewhat important (5), higher than they did before they used the calculator.  

After using the mercury calculator to make fish choices, fish eaters reported statistically 

higher levels for Perceived Power (M = 5.60, SD = 1.37), t (251) = -6.10, p < .001.  

Multivariate Analysis 

 A logistic regression was conducted to determine if the level of Control Beliefs 

and Perceived Power participants had before using the mercury calculator predicted 

making healthy fish choices.  Results are presented in Table 22.  Control Beliefs and 

Perceived Power were left as continuous variables.  Making healthy fish choices was 

measured with three fish choices (low mercury content fish choices vs. high mercury 

content fish choices).  If participants selected a fish with high mercury content, two of 

three choices or three of three choices, it was coded as 1.  If participants selected a high 

mercury content fish, zero of three choices or one of three choices, it was coded as 0.  

Accordingly, a code of 1 represented high mercury fish choices and a code of 0 
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represented low mercury fish choices. The logistic regression controlled for the effects of 

sex and age.   

Multicollinarity was tested for by examining tolerance and variance inflation 

factors (VIFs).  Tolerance values ranged from .913 to .960 and VIF values ranged from 

1.04 to 1.10. These were in an acceptable range and met the assumption for tolerance to 

be close to 1 and VIFs to be 10 or less for having little threat of multicollinarity. The 

results of the chi-square goodness of fit test showed that the logistic regression model 

was significant χ
2
 (4) = 9.82.71, p = .0447.  This suggested the Control Beliefs and 

Perceived Power participants had before they used the mercury calculator predicted 

making healthy fish choices. This accounted for (Nagelkerke R
2
) 4.3% of the variance in 

healthy fish choices.  However, upon reviewing the individual predictors, none were 

significant predictors of healthy fish choices.  

Table 22 

Logistic Regression for Fish Consumers’ Perceived Behavioral Control to Predict Fish 

Choices  

 

 B SE Exp(B) Wald df p 95% CI for 

Exp(B) 

        

Sex 0.51 0.28 0.60 0.38 1 0.066 [0.35, 1.03] 

Age 0.01 0.01 1.01 0.64 1 0.424 [0.99, 1.03] 

Control beliefs -0.09 0.13 0.91 0.47 1 0.493 [0.71, 1.18] 

Perceived 

power 

0.16 0.10 0.85 2.64 1 0.104 [0.71, 1.03] 

Notes: (n=327); R
2
=4.3%. 
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Part II  

Descriptive Statistics for Sample 

Out of the three-hundred and forty-one participants from Part I, only the two-

hundred and two participants, from Part I that had complete data for the structural 

equation model variables perceived usefulness, perceived ease-of -use, and intent to use, 

were included in Part II of this study.  Data for these variables was collected by using the 

survey tool Technology Acceptance: Acceptance of Mercury Calculator (Appendix D).  

A description of the sample and descriptive statistics for the sample (Table 14, Table 15) 

were presented at the start of Chapter 5.  Sex, age, educational level, decision-making, 

and frequency of fish consumption were included in the structural equation model for 

technology acceptance by fish consumers.   

Multivariate Analysis 

            Structural Equation Modeling and Model Fit  

 Structural equation modeling is theory driven.  It combines a measurement model 

and structural model to test hypothesized relationships among variables of interest.  The 

theoretical model is tested to determine if it was a good fit to the observed data.  Different 

approaches have been used to determine model fit, but no universally accepted method 

could be identified in the literature.  Debate involves the effect of sample size on Chi-

square and lack of a method to determine power.  Larger sample sizes inflate the Chi-

Square value.  Barrett (2007) suggests a sample of 200 or more should not be used as a 

trigger to reject the Chi-Square value.  Others have indicated that Chi-Square lacks power 

and may not be able to discriminate between good and bad model fit for small samples 

(Hooper, Coughlan, & Mullen, 2008).  Barrett (2007) suggests Chi-Square is the only 
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statistical test for model fit and refers to fit indices as assessments of fit.  Use of fit 

statistics and associated cut-off levels are another point of contention with a case made 

for and against the use of stringent cutoff values (Hooper, Coughlan, & Mullen).  It was 

identified that recommendations for fit indices vary according to level of measurement or 

data conditions.  Schreiber, Nora, Stage, Barlow, and King (2006) suggest a good fit 

probably exists if the majority of the indexes indicate a good fit.  Hu and Butler (1999) 

have suggested use of fit index combinations.  It has been suggested that using a variety 

of fit indexes overcomes the limitations of any one index.  Barrett (2007) maintains that 

fit indices, while sensitive to sample size, are not tests of model fit.  Terms like 

acceptable and good which are used to describe model fit are frequently found to overlap 

or conflict.  The only point of consensus that could be identified in the literature was that 

changes to a model be based on theory.   

 Analysis for the measurement model and structural model that follow are 

consistent with theory and based on recommendations used for determining model fit and 

reporting results.  Following the recommendations of Kline (2010, 2005), multiple fit 

indices, in addition to the Chi-Square statistic, were used to evaluate model fit in the CFA 

procedures.  This approach is recommended because the Chi-Square statistic is 

influenced by sample size (Hu & Bentler, 1999).  When the sample size is large and Chi-

Square is set with a threshold of 0.05 the model could be rejected incorrectly.  To avoid 

this, fit indices can be used to assess degree of fit.  Additional fit indices examined for 

this study include the Standardized Root Mean Square Residual (SRMR), Root Mean 

Square Error of Approximation (RMSEA), the Comparative Fit Index (CFI), and the 

Tucker-Lewis Index (TLI).  The value suggested for the SRMR is less or equal to 0.08.  
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This is generally considered a good fit (Hu & Bentler, 1999).  The RMSEA is suggested 

to have a value from less than 0.06 to 0.08 with confidence intervals reported.  The 

RMSEA is the most popular measure of model fit (Kenny, 2011).  Values equal or 

greater than 0.90 and 0.95 have been used for the CFI to indicate an acceptable and good 

fit, respectively.  More recently, agreement seems to be a cut-off value of 0.95 for the 

CFI.  A TLI value equal to or greater than 0.95 indicates acceptable fit.  These suggested 

values were reported by Schreiber, Nora, Stage, Barlow, and King (2006). 

 Measurement Model 

 Confirmatory factor analysis (CFA) was conducted to validate the measurement 

model which included the latent variables: perceived ease-of-use, perceived usefulness, 

and intent to use the mercury calculator.  The latent variables used to build this model are 

the same concepts Davis (1989) used to explain technology acceptance in the Technology 

Acceptance Model.   All of the indicators that make up the latent variables were added to 

the model.  Those indicators that did not play well with the other indicators were 

removed.  Results for the factor loadings are presented in Table 23.   

Table 23  

Factor Loading Results from Final CFAs for Perceived Ease-of-Use, Perceived Usefulness, 

and Intent to Use the Mercury Calculator by Fish Consumers 

 
Variable Indicator Standardized 

Perceived Ease-of-Use PEM1 0.65 

 PEM2 0.86 

 PEM3 0.88 

 PEM4 0.92 

Perceived Usefulness PUM1 0.74 
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 PUM2 0.75 

 PUM5 0.94 

 PUM6 0.92 

Intent to Use IMC1 0.96 

 IMC2 0.98 

 IMC3 0.88 

 

Perceived ease-of-use had 6 indicator variables.  The CFA for perceived ease-of-

use did not result in a good fit, χ
2
 (9) = 215.40, p < .001, CFI = 0.86, TLI = 0.77, SRMR 

= 0.07, RMSEA = 0.32, 90% RMSEA CI [0.29, 0.36].  The Chi-Square was less than the 

threshold of .05.  The degree of model fit was assessed using fit indices.  Examination of 

the modification indices showed multiple correlations suggested.  Item 6 was suggested 

to be correlated with items 1 through 5.  Item 6 (Overall, it is easy to use the mercury 

calculator to estimate mercury exposure.) was removed.  The new CFA for perceived 

ease-of-use did not suggest a good fit, χ
2
 (5) = 96.20, p < .001, CFI = 0.92, TLI = 0.84, 

SRMR = 0.06, RMSEA = 0.29, 90% RMSEA CI [0.24, 0.34].  Examination of the 

modification indices showed that items 2 and 3 were related and that items 2 and 5 were 

related.  Therefore item 2 (It is easy to enter the portion size of fish into the mercury 

calculator.) was removed.  The new CFA for perceived ease-of-use suggested a good fit 

to the data, χ
2
 (2) = 0.82, p = .665, CFI = 1.00, TLI = 1.00, SRMR = 0.01, RMSEA = 

0.00, 90% RMSEA CI [0.00, 0.10].  The Chi-Square was less than the threshold of 0.05.  

The degree of model fit was assessed using fit indices which suggested an acceptable fit.  

 Perceived usefulness had 6 indicator variables.  Results of the CFA for perceived 

usefulness did not have a good fit, χ
2
 (9) = 59.45, p < .001, CFI = 0.95, TLI = 0.92, 



86 

 

 

SRMR = 0.03, RMSEA = 0.16, 90% RMSEA CI [0.12, 0.20].  The Chi-Square was less 

than the threshold of .05.  The degree of model fit was assessed using fit indices.  The 

modification indices suggested item 5 appeared to be correlated to item 3.  Item 3 (The 

mercury calculator is useful to help me know how often to eat fish.) was removed.  This 

led to a better fit, χ
2
 (19) = 102.88, p < .001, CFI = 0.94, TLI = 0.90, SRMR = 0.06, 

RMSEA = 0.14, 90% RMSEA CI [0.12, 0.17].  Examination of the modification indices 

suggested that item 4 was related to items 2 and 3.  Item 4 (The mercury calculator is 

useful to estimate mercury exposure based on my individual body weight.) was deleted 

but an acceptable fit was not attained, χ
2
 (5) = 24.40, p < .001, CFI = 0.97, TLI = 0.95, 

SRMR = 0.03, RMSEA = 0.13, 90% RMSEA CI [0.08, 0.19]; the RMSEA was still too 

high to be acceptable.  Modification indices suggested items 3 and 5 were related.  

Examination of the standardized estimates showed that item 3 carried less weight than 

item 5.  Item 3 was removed.  The best possible model fit was attained for perceived 

usefulness, χ
2
 (2) = 5.77, p = .056, CFI = 0.99, TLI = 0.98, SRMR = 0.02, RMSEA = 

0.09, 90% RMSEA CI [0.00, 0.18]; even though the RMSEA was not in the acceptable 

range, the CFA for perceived usefulness had a good fit for all other fit indices. 

 Intent to use the mercury calculator had three indicators.  The results of the CFA 

for those three indicators led to a chi square with 0 degrees of freedom.  Therefore, intent 

to use the mercury calculator was added to the CFA for perceived usefulness.  The CFA 

had a good fit, χ
2
 (13) = 29.97, p = .005, CFI = 0.99, TLI = 0.98, SRMR = 0.03, RMSEA 

= 0.08, 90% RMSEA CI [0.04, 0.11].  The Chi-Square was less than the threshold of .05.  

The degree of fit was assessed using fit indices and was suggested to be acceptable. 

 Overall, all three models had acceptable fits or approached an acceptable fit.  The 
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final model is presented in Table 24.  In order to obtain the best model fit, items 2 and 6 

of perceived ease-of-use and items 3 and 4 of perceived usefulness were removed.   

Table 24 

Confirmatory Factor Analyses for Perceived Ease-of-Use, Perceived Usefulness, and 

Intent to Use the Mercury Calculator by Fish Consumers  

 

Source χ
2
 df p CFI TLI SRMR RMSEA 90% CI for 

RMSEA 

         

Perceived Ease-of-

Use 

0.82 2 .665 1.00 1.00 0.01 0.00 [0.00, 0.10] 

Perceived Usefulness 5.77 2 .056 0.99 0.98 0.02 0.09 [0.00, 0.18] 

Intent to use (with 

Perceived usefulness) 

29.97 13 .005 0.99 0.98 0.03 0.08 [0.04, 0.11] 

Notes: (n=202) 

            Structural Model 

SEM was conducted to assess the relationships among the variables of the model 

for technology acceptance by fish consumers according to the hypothesized structure of 

the model.  Results of the analyses are presented in Table 25.  Model fit was assessed 

with the reported model metrics.  The model contained 2 latent variables: perceived ease-

of use and perceived usefulness.  Decision-making was dummy-coded into four variables.  

The results of the model did not have a good fit initially, χ
2
 (127) = 320.64, p < .001, CFI 

= 0.92, TLI = 0.90, SRMR = 0.07, RMSEA = 0.08, 90% RMSEA CI [0.07, 0.09].  The 

Chi-Square was less than the threshold of .05.  The degree of fit was assessed using fit 

indices.  Examinations of the modification indices showed that perceived usefulness item 

5 was correlated with multiple other items from other subscales.  Therefore, the decision 

was made to remove item 5 (Using the mercury calculator makes it easy to make fish 
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choices.) from perceived usefulness.  Results of the adjusted SEM model approached an 

acceptable fit, χ
2
 (110) = 249.28, p < .001, CFI = 0.93, TLI = 0.92, SRMR = 0.07, 

RMSEA = 0.08, 90% RMSEA CI [0.06, 0.09].  The Chi-Square was less than the 

threshold of .05.  The degree of fit was assessed using fit indices.  The cut-off value for 

CFI is reported in the literature at 0.90 and 0.95. The CFI value of 0.93 is greater than .90 

but less than 0.95. The CFI value suggests an acceptable fit.  The TLI was less than 0.95 

which did not suggest acceptable fit.  The SRMR was less than 0.08 which suggested 

acceptable fit.  The RMSEA was 0.08 which suggested acceptable fit. 

The majority of fit indexes suggested acceptable fit.  Modification indices did not 

recommend any further way to improve the model.  Several factors were considered 

before proceeding.  First, the model being tested was theory driven.  Not all hypothesized 

relationships among the variables of the proposed model were tested yet.  These variables 

included decision-making, sex, age, education, and frequency of fish consumption.  The 

measurement model had an overall acceptable fit.  This permitted the structural model to 

be tested.  The results of all fit indices have been reported for the structural model.  A 

decision to accept or reject the model based on results of the cut-off values for fit indices 

would not constitute “cherry picking”.  Fit index cutoff values can be misleading 

(Hayduk, Cummings, Boadu, Pazderka-Robinson, & Boulianne, 2007).  Caution should 

be taken to avoid strict reliance on cut-off values (Kenny, 2011).   The TLI and RMSEA 

are based on the chi-square to df ratio, and there is no universally accepted standard to 

determine if it is a good or bad fitting model (Kenny, 2011).   Therefore, it was decided 

to use the model to test the hypotheses.  The SEM model was examined for 
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multicollinearity by assessing variance inflation factors (VIFs).  All VIFs were below 10, 

suggesting an absence of multicollinearity.   

Table 25 

Model Results for Acceptance of the Mercury Calculator by Fish Consumers  

 

Hypothesis Independent variable Dependent 

variable 

Estimate SE p 

      

1 Perceived ease-of-use Perceived 

usefulness 

0.71 0.08 .001 

2 Perceived ease-of-use Intent to use -0.71 0.41 .082 

3 Perceived usefulness Intent to use 2.36 0.50 .001 

4 Age Perceived ease-

of-use 

0.00 0.00 .488 

 

5 

 

Sex 

 

Perceived 

usefulness 

 

0.14 

 

0.06 

 

.025 

6 Education level Perceived 

usefulness 

-0.01 0.03 .815 

7 Decision making process (Ref: I 

eat fish and haven't changed 

that; I don't trust the information 

about risk) 

Perceived 

usefulness 

   

7 I eat fish and haven't changed 

that; the benefits of fish 

outweigh the risks 

Perceived 

usefulness 

0.71 0.18 .001 

7 I don't eat enough fish to be at 

risk; my risk is less than the risk 

faced by others 

Perceived 

usefulness 

0.65 0.18 .001 

7 I reduce risk by eating fish that 

are recommended and avoiding 

fish that are not 

Perceived 

usefulness 

0.77 0.18 .001 

7 I eat less fish, but I don't like 

trading off a healthy food like 

fish to reduce risk 

Perceived 

usefulness 

0.86 0.20 .001 

8 Age Frequency of 

fish 

consumption 

   0.00 0.01 .674 

9 Frequency of fish consumption Intent to use 0.09 0.07 .226 
Notes: (n=202) 
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Path analysis was used to test relationships among the variables of the model.  

The results are presented in Figure 6.  The relationship between perceived usefulness of 

the mercury calculator and intent to use the calculator was positively significant 

(Estimate = 2.36, p < .001).  This was consistent with the model and supports Hypothesis 

3.  The relationship between ease-of-use and perceived usefulness of the mercury 

 

 

                                                                                                                                                                          

                                                                                                                       

               

                                               

                                                                                            

                                                                                 

                                   

                                                                                                 

                                                                                            

                                                                                         

                                                                           

 

Figure 6. The model for technology acceptance by fish consumers showing path estimates.  

Notes: Ovals represent latent variables; squares represent observed variables.  Results of the SEM 

model suggested an acceptable fit, χ
2
 (110) = 249.28, p < .001, CFI = 0.93, TLI = 0.92, SRMR = 

0.07, RMSEA = 0.08, 90% RMSEA CI [0.06, 0.09]; *p < 0.05; ** p < 0.001. 

 

Intent to use 

mercury 

calculator 

     Sex                   

 

              

Perceived ease-of-use of 

mercury calculator 
 

 

        Perceived usefulness         

       of mercury calculator 

I eat fish and haven’t… 

      I don’t eat enough… 

I reduce risk… 

0.71** 

0.66** 

0.77** 

0.71** 

2.36** 

I eat fish, but I don’t like… 

   0.86** 

0.14* 
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calculator was positively significant (Estimate = 0.71, p < .001).  This effect was 

consistent with the model and supports Hypothesis 1.   

  The relationship between the decision-making processes and perceived usefulness 

of the mercury calculator was significant, supporting Hypothesis 7.  All four paths for the 

decision-making processes were significant: I eat fish and haven't changed that; the 

benefits of fish outweigh the risks, (Estimate = 0.71, p < .001); I don't eat enough fish to 

be at risk; my risk is less than the risk faced by others, (Estimate = 0.66, p < .001); I 

reduce risk by eating fish that are recommended and avoiding fish that are not, (Estimate 

= 0.77, p < .001); and I eat less fish, but I don't like trading off a healthy food like fish to 

reduce risk, (Estimate = 0.86, p < .001).  These all suggest that those who  

choose any other statement above I eat fish and haven't changed that; I don't trust the 

information about risk tended to have higher perceived usefulness of the mercury 

calculator scores. 

Decision-making processes were predictive of perceived usefulness of the 

mercury calculator.   The relationship between sex and perceived usefulness of the 

mercury calculator was positively significant (Estimate = 0.14, p = .025).  Females had 

higher perceived usefulness scores.  Being female predicted perceived usefulness of the 

mercury calculator.  This finding supports Hypothesis 5.   

Other relationships among variables tested did not contribute to the predictions.  

The relationship between perceived ease-of-use of the mercury calculator and the 

participant’s intent to use the calculator was not significant (Estimate = -0.71, p = .082).   

Perceived ease-of-use did not have a direct influence on intent to use the calculator.  

Hypothesis 2 was not supported.  The relationship between educational level and the  
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perceived usefulness of the mercury calculator was not significant (Estimate = -0.01, p = 

.815).  Hypothesis 6 was not supported.  The relationship between age and perceived 

ease-of-use of the mercury calculator was not significant (Estimate = 0.00, p = .488).  

This finding did not support Hypothesis 4.   

 The relationships between age and frequency of fish consumption and the intent 

to use the mercury calculator were studied using path analyses.  The path estimate for age 

and frequency of eating fish was not significant (Estimate = 0.00, p = .674).  This 

suggests that there was a not relationship between age and frequency of fish consumption 

and does not support Hypothesis 8.  Frequency of fish consumption and the intent to use 

the mercury calculator was not significant (Estimate = 0.09, p = .226).  This suggests that 

frequency of fish consumption did not predict intent to use the mercury calculator.  This 

does not support Hypothesis 9. 

  Key predictors of intent to use the mercury calculator included perceived  

 

usefulness, perceived ease-of-use and frequency of fish consumption.  Results are  

 

presented in Table 26.  These predictors jointly explained 45% of the variance in the 

 

dependent variable.  The selection of predictors for perceived usefulness of the mercury  

 

calculator,  perceived ease-of-use, sex,  education, and decision-making , served to jointly  

 

explain 77% of the variance for  perceived usefulness.   

 

Table 26   

 

Variance Explained (R
2
 values) for Intent to Use Mercury Calculator, Perceived 

Usefulness, and Perceived Ease-of-Use of Mercury Calculator 

 

Dependent 

variable 

Independent variables R
2
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Intent to 

Use 

IMC1, IMC2, IMC3, PUM, PEM, Frequency 0.450 

Perceived 

Usefulness 

PUM1, PUM2, PUM6, PEM, Sex, Education, I eat fish and haven't 

changed that; the benefits of fish outweigh the risks, I don't eat 

enough fish to be at risk; my risk is less than the risk faced by 

others, I reduce risk by eating fish that are recommended and 

avoiding fish that are not, I eat less fish, but I don't like trading off a 

healthy food like fish to reduce risk 

0.779 

 

Perceived 

Ease of 

Use 

 

PEM1, PEM2, PEM3, Age 

 

0.002 

 

Notes: (n=202); IMC1=chance to use mercury calculator, IMC2=plan to use mercury calculator, 

IMC3= willingness to use mercury calculator, PUM=perceived usefulness of mercury calculator, 

PEM=perceived ease-of-use of mercury calculator, Frequency=frequency of fish consumption, 

PUM1=useful to make fish choices, PUM2= useful to know portion size, PUM6=useful to 

estimate mercury exposure, PEM1=easy to find fish choices when using mercury calculator, 

PEM2=easy to enter portion size in mercury calculator, PEM3=easy to enter body weight in 

mercury calculator, Age=years-old.  
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                            Chapter 6: Research Discussion and Implications 

 

The findings of this study showed that information technology can be used to 

reduce a health risk associated with eating fish.  In Part I, level of knowledge and number 

of participants who made healthy fish choices increased after using the mercury 

calculator.  In Part II, the model built to predict technology acceptance by fish consumers 

showed positive relationships between perceived ease-of-use and perceived usefulness, 

sex and perceived usefulness, decision-making and perceived usefulness, and perceived 

usefulness and intent to use the mercury calculator.   

Part I 

Effect of Mercury Calculator on Consumer Knowledge and Fish Choices 

Inadequate information and contradictory advice about fish consumption has led 

to confusion among the general population and vulnerable at-risk groups (Hughner, 

Maher, & Childs, 2008).  Developing interventions to reduce mercury exposure 

associated with eating fish is an important goal for health professionals.  The Institute of 

Medicine identified that the use of electronic decision support tools could help consumers 

make healthy fish choices (2006).  Part I of this study investigated the effect of using a 

mercury calculator on Perceived Behavioral Control, a concept of the Theory of Planned 

Behavior, and intent to adhere to mercury exposure limits.  Results of this study showed 

that using the mercury calculator had a positive effect on participants’ level of Perceived 

Behavioral Control.  

Participant knowledge about eating fish and perceived importance of knowledge 

to make healthy fish choices increased after using the mercury calculator.  A likely 

explanation for this increase is use of computerized tailoring of information.  The web-
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based mercury calculator is a tailoring engine that uses individual data to compute an 

estimated value for mercury exposure based on the EPA RfD limit.  The effectiveness of 

tailoring information is thought to be associated with increased relevance due to central 

route processing (Stellefson, Hanik, Chaney, & Chaney, 2008).  Central route processing 

requires an individual to carefully scrutinize information and consider how the 

information affects the individual.  

Fish consumption advisories tend to omit information required to make healthy 

fish choices (Scherer, Tsuchiya, Younglove, Burbacher, & Faustman, 2008).  Research 

showed fish eaters who had general knowledge about the mercury content of fish weren’t 

able to make low mercury fish choices (Burger & Gochfeld (2007).  The positive effect 

of the mercury calculator to increase the level of participants’ knowledge shows how 

information that is tailored by computers can be used to reduce a health risk.  Mercury 

exposure estimates are calculated based on fish species, portion, frequency, and body 

weight.  Participants used the calculator to access species specific information to make 

low mercury fish choices for a single fish serving or several weekly fish servings.  Fish 

eaters were able to make use of this information without having to remember it.  

Reducing the need to remember fish to avoid eating is an advantage of using the mercury 

calculator.  Research showed that fish eaters didn’t alter consumption of high mercury 

fish due to not being able to remember specific species of fish to avoid (Marette, Roosen, 

& Blanchmanche, 2007).  

Fish eaters who used the mercury calculator didn’t need to trade off a healthy 

food to reduce risk.  Consumers could balance the benefits of eating fish with the risks of 

eating fish.  This might include individuals who would follow the American Heart 
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Association recommendation to increase fish consumption to three or more weekly 

servings, but have concerns about mercury exposure.  At-risk populations could also 

benefit from calculating a percent estimate of mercury exposure.  These include women 

of childbearing age, pregnant women, nursing mothers, and children.   

Tailoring health information to individuals is thought to be more effective than 

targeting health information to subgroups of a homogenous population (Park, McDaniel, 

& Jung, 2003).  This is particularly relevant to the population of fish eaters.  Fish eaters 

tend to be broadly divergent subgroups ranging from health conscious individuals to 

subsistence anglers.  The mercury calculator might be a useful tool for health providers to 

broker a cultural component of fish consumption, linked to subsistence anglers and that 

contributes to eating large portions of fish with high mercury content.  This practice has 

been associated with anglers taking pride in the size of fish caught and eaten (Derrick, 

Miller, & Andrews, 2008).    

Perceived Behavioral Control and Making Healthy Fish Choices 

Participants’ level of perceived behavioral control before using the mercury 

calculator did not predict making healthy fish choices.  A possible explanation for this 

finding is a disparity between participants’ subjective and objective knowledge about 

making healthy fish choices.  In this study, participants appraised their knowledge about 

making fish choices to adhere to the limit for mercury exposure.  It is likely that the 

participants’ beliefs about eating fish affected how they perceived their level of 

knowledge about the topic.  A previous study by Pieniak, Verbeke and Scholder (2010) 

investigated the relationship between subjective and objective knowledge, health beliefs, 

and fish consumption.  Results showed that objective knowledge had a significant effect 
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on subjective knowledge.  Although the association was weak, subjective knowledge was 

more strongly associated with behavior than objective knowledge.  It was found that 

subjective knowledge affected the decision to eat fish.  Objective knowledge affected 

frequency of fish consumption.   

For most participants in this study, fish choice was based on subjective 

knowledge.  Few participants reported using the Washington State Healthy Fish Guide to 

make fish choices.  Without objective information about the mercury content of fish, 

some participants may have exceeded mercury exposure limits to obtain the benefits 

associated with eating fish.  Other participants may have reduced the frequency of fish 

intake without cause.   

Part II 

Technology Acceptance by Fish Consumers 

According to the Technology Acceptance Model, perceived usefulness and 

perceived ease-of-use are determinants of intent to use information technology.  Part II of 

this study investigated whether fish eaters would accept using a mercury calculator to 

reduce mercury exposure.  Results of structural equation modeling showed usefulness of 

the mercury calculator directly influenced fish consumers’ intent to use the calculator.  

Ease-of use directly influenced usefulness.  Decision-making and sex directly influenced 

usefulness.  Age, education, and frequency of fish consumption were not significant 

predictors of technology acceptance.  

Usefulness and Intent to Use the Mercury Calculator 

In the U.S., the FDA/EPA fish advisory has been in effect since 2004.  Research 

results show that consumers find the fish consumption advice to be ambiguous and 
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complex.  Classifying fish consumption advice based on fish species and frequency 

wasn’t meaningful to consumers (Blanchmanche, Marette, Roosen, & Verger, 2010).  

Without meaning, the information was not retained and consumers did not change their 

behavior.  A possible explanation for the positive relationship between usefulness and 

intent to use the mercury calculator involves meeting the informational needs of 

consumers who eat fish.  Using the mercury calculator enables consumers to estimate if 

individual fish consumption exceeds RfD limits for mercury exposure.  The mercury 

exposure estimate is easy to interpret, objective, and measurable.  Estimates of mercury 

exposure provide a meaningful parameter to evaluate one’s own behavior.  It also 

provides fish eaters with a method to reduce subsequent exposures by altering selection 

of fish species, portion size, or frequency.  

Another plausible explanation for the relationship between usefulness and intent 

is the benefit of tailored information.  The mercury calculator is programmed with the 

mercury content for more than 70 species of fish.  This makes it possible to tailor fish 

consumption to individual tastes and preferences.  The importance of taste and preference 

and eating fish was identified by Verbeke and Vackier (2005).   By using the mercury 

calculator, consumers can make healthy fish choices consistent with their taste and 

preferences.   

Ease-of-use, Usefulness, and Intent to Use Mercury Calculator 

Ease-of-use had a direct influence on usefulness and an indirect influence on  

intent.  This finding is not fully consistent with the Technology Acceptance Model.  

Usually ease-of-use is found to have a direct influence on intent.  It is possible that study 

participants were frequent internet users and had less concern about ease-of-use than 
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usefulness.  Adults in the Seattle-Tacoma Designated Market Area (DMA) rank first in 

the nation for Internet use (Weaver, Mays, Weaver, Hopkins, Eroglu, & Bernhardt, 

2010).  South Puget Sound is a coastal region within this DMA.  Since the time of this 

study, a mobile phone application for the mercury calculator has become available.  

Frequent internet users might prefer the ease-of-use associated with a mobile application.  

This could also explain why ease-of-use did not have a direct relationship with intent in 

this study.   

Decision-Making and Usefulness  

Decision-making processes had strong associations with usefulness of the 

mercury calculator.  The Theory of Planned Behavior is considered a model for decision-

making (Jacelon, 2007).  The strongest association was identified in fish consumers who 

“don’t like trading off a healthy food like fish to reduce risk”.  A likely explanation is that 

these participants found they were able to balance risk and benefit by using the mercury 

calculator.  The next strongest association was identified in fish consumers who “reduce 

risk by eating fish that are recommended and avoiding fish that are not”.  It is likely that 

fish eaters in this decision-making category were able to benefit from an increased 

selection of low mercury fish.   

Research by Blanchemanche, Marette, Roosen, and Verger (2010) has shown that 

the FDA/EPA fish advisory transfers uncertainty about the safety of fish consumption to 

the public.  It is possible that using the mercury calculator reduces the uncertainty 

associated with decision-making based on inadequate information.  This finding is also 

consistent with other findings which showed consumers are supportive of the role for 

more information to make decisions (Tanenbaum, 2008).   
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Sex and Usefulness 

In this study, being female was associated with usefulness of the mercury 

calculator.  Most likely this finding occurred because females tend to eat fish more than 

males.  Household food choices are also more likely to be made by females.  Another 

possible explanation is that certain at-risk subpopulations are female too.  In this study, 

at-risk subpopulations included participants intending to become pregnant (35, 10.3%), 

participants who were pregnant (10, 2.9%), and participants who were nursing  

mothers (9, 2.7%).  The exception to this finding is associated with recreational fishers 

who tend to be male.  Some participants identified themselves as recreational fishers 

(105, 30.8%) or reported eating sport-fish (94, 27.6%).  

Education and Usefulness 

  Educational level did not influence usefulness of the mercury calculator.  A 

possible explanation for this might be the high level of internet use associated with this 

region (Weaver, Mays, Weaver, Hopkins, Eroglu, & Bernhardt, 2010).  Technology is 

thought to have an evolving role for meeting the nutritional needs of individuals in the 

future.  A few suggested applications include nutrition information, self-monitoring, cues 

for behavior, food safety, and research involving food-health information (Lewis & 

Burton-Freeman, 2010).  Yet, the role of tailoring to promote health is not well 

understood.   

Although not statistically significant, the finding that educational level did not 

have an effect on usefulness of the calculator may be clinically significant.  The literature 

suggests fish eaters tend to be highly educated.  The literature also suggests fish eaters are 

composed of a variety of subpopulations.  In this study, most participants had the 
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minimum of a high school education but were frequent internet users.  This suggests 

computerized tailoring of information can be used to decrease risk associated with eating 

fish in different subpopulations with varying educational levels.  

Age and Ease-of-Use, Age and Frequency of Fish Consumption 

Age did not influence ease-of-use.  A possible explanation for this finding is that 

the average age of the participants was 35 years-old.  One study that examined factors 

that affected consumer use of internet for information identified age as a proxy variable 

or variable of little interest when considering experience with the using the internet 

(Jepsen, 2007).  It is likely study participants in this study were experienced internet 

users.   

Age did not influence frequency of eating fish.  The most likely explanation for  

this finding is that study participants were not advanced in age (mean, 35 years).  This 

finding is consistent with research linking aging and fish consumption.  Verbeke and 

Vackier (2005) showed the association between age and increased fish consumption to be 

an increase in this healthy behavior as one ages.  

Frequency of Fish Consumption and Intent to Use the Mercury Calculator 

  

Frequency of fish consumption did not influence intent to use the mercury 

calculator.  The most likely explanation for this finding is the small number of 

participants who ate fish daily or several times day.  A greater number of participants ate 

fish several times per week.  These participants may have consumed fish low in mercury. 

It is also likely these participants were not yet well informed about the high mercury 

content of a commonly eaten fish like albacore tuna. 
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Limitations and Delimitations 

For this study several limitations existed.  First, participation bias may have 

occurred due to voluntary study participation.  Response bias might also have occurred 

from self-administered questionnaires (Herbert, Hurley, Peterson, Resnicow, Thompson, 

& Yaroch, et al., 2008) and repeat testing.  Repeated exposure to measures can influence 

a measured outcome such that a change could be attributed to study participants learning 

about the measure rather than a real change.  Participants could also become uninterested 

or careless about responses after repeat exposure to measures.  Respondents were asked 

to complete the pre-test and post-test during a continuous timeframe without interruption 

to minimize the effects of history and maturation.  However, it is likely that respondents 

became uninterested or careless since items toward the end of the survey were not 

consistently completed by all respondents.   

Scrolling through a list of fish species may have resulted in erroneous fish 

selection that did not correspond to fish scenarios.  Erroneous data input associated with 

human error while using the web-based mercury calculator could result in overestimates 

or underestimates of MeHg exposure.  Respondents input several data points including 

ounces of fish and body weight.   Although this survey instrument did not contain an item 

that specifically inquired about body weight, its input was necessary for use of the 

mercury calculator.  Response set biases have been documented when survey instruments 

are used to query body weight (Baranowski, Allen, Masse, & Wilson, 2006).  For study 

participants who were pregnant or nursing mothers, social desirability bias was likely due 

to expectations for women to exercise caution about fish consumption during pregnancy 

and when nursing.   
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Other limitations of this study include using scenarios to collect data about fish 

choices and estimating mercury exposure.  Although effort was made to include fish 

common to the South Puget Sound area, fish choices are associated with individual tastes 

and preferences.  It is likely that some respondents made fish choices based on tastes and 

preferences rather than the mercury content of fish.  Lastly, the web-based mercury 

calculator generates a percent (%) estimate of mercury exposure based on RfD limits and 

is not an actual measurement of mercury exposure.  Exposure estimates derived by the 

mercury calculator are based on the mercury content of fish reported by the FDA/EPA in 

2006.  Changes in levels of pollutant emitted from burning fossil fuel or use of 

technology to reduce these pollutants could have altered the mercury content of fish since 

it was last measured and reported.   

The study sample was restricted to students, staff, and faculty of SPSCC.  Other 

restrictions included having a personal computer and internet access.  Study participants 

who comprise the convenience sample used in the study were not representative of all 

individuals who consume fish or make choices about eating fish.  A convenience sample 

of college students, staff, and faculty who have a personal computer with access to the 

internet limits the ability to generalize findings.  

Web-based sampling methods required the sample population to have access to 

the internet.  This limitation was significant.  Although the literature indicates the internet 

is a preferred source of health information, the health status of the population without 

internet access is most often affected by disparities that also characterize the digital 

divide.  Additionally, research indicates that populations effected by health disparities are 

also at greater risk of exposure to environmental hazards.  
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Conversely, the internet is expected to continue to gain increased penetration into 

more diverse populations.  Advantages of on-line data collection include more  

standardized data and more complete data without the need for manual input.  It has been 

found that study participants are more willing to share information on-line rather than 

face-to-face.   

Implications 

This research represents a first step toward understanding the effect of using a 

mercury calculator to reduce a health risk associated with eating fish.  This research can 

be expanded in a variety of ways, locally and globally.  Blood mercury levels that exceed 

the RfD limit for mercury have been associated with ethnic minorities (Hightower, 

O’Hare, & Hernandez, 2006).  It would be important to study of the effect of using the 

mercury calculator in fish eaters from different cultures who reside in the South Puget 

Sound area.  This could include fish eaters from Japanese and Korean communities 

(Tsuchiya, Hinners, Krogstead, White, Burbacher, Faustman, & Marien, 2009) or Native 

Americans from sovereign tribal nations within the region.   

Use of the mercury calculator should also be explored in Hispanic fish eaters.  

Internet use by Hispanics has been associated with cultural discordance (Purcell, 2008).  

It is not known if this would be true for web-based applications like a mercury calculator. 

Technology acceptance should be studied in this population.  Next, study the effect of 

using the mercury calculator in other countries.  Mercury exposure is a global problem 

and threatens the health of individuals worldwide.  The internet is a global tool.  Mercury 

calculators could be made available in a variety of languages.  
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It is important to further understand how ease-of-use relates to intent to use the 

mercury calculator.  Use of a mobile phone application could be studied to determine if 

mobility increases acceptance of the calculator.  Continuance of use is also an area for 

further research.  Distinct health information seeking behavior (HISB) motives 

correspond to a segment of the population in the Seattle-Tacoma DMA who specifically 

sought information about health promotion (Weaver, Mays, Weaver, Hopkins, Eroglu, & 

Bernhardt, 2010).  Women who intend to become pregnant, who are pregnant, or who are 

nursing mothers also exhibit HISB (Lagan, Sinclair, Kernohan, 2010).  How HISB relates 

to using a mercury calculator could be investigated.   

Fish is an important source of omega-3 fatty acids.  It is also the leading source of 

mercury exposure.  Because of its contribution to neurological development and 

cardiovascular health, it is optimal to balance the benefits and risks associated with eating 

fish.  Further study into the decision-making processes consumers use to mitigate risk is 

required.  It is important health researchers to follow this topic since the FDA has 

proposed recommending increased fish consumption for pregnant women (Harvard 

Women’s Health Watch, 2007, Lockwood, 2007).  

This study shows information technology can be an effective tool to achieve this 

goal.  Findings from this study contribute to developing a body of knowledge about 

consumer acceptance of information technology and intent to use web-based tools to 

influence health risk behaviors.   
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Appendix A 

Screening Questions & Demographic Characteristics 

Screening Questions 

1. How frequently do you eat fish? 

several times a day - several times a week – weekly - several times a month - less than 

monthly – never 

 

If you answered never eat fish, you are not eligible to participate in the study. Thank you.  

 

2.  Have you ever been treated for mercury toxicity associated with eating fish? 

            Yes   

No 

If you answered yes, you are not eligible to participate in the study. Thank you. 

  

3. Do you use a mercury calculator to make fish choices?  

Yes   

No 

            If you answered yes, you are not eligible to participate in the study. Thank you.  

 

Demographic Characteristics 

1. What is your age as of January 2011?  

2. What is your sex?  

       male 

female 

3. What is your race/ethnicity?  

            White/Non-Hispanic 

            Hispanic/Latino 

Black 

Asian 

Hawaiian/Pacific Islander 

Native American/Eskimo 

Other, please specify. 

 

4. What is your role at South Puget Sound Community College? 

           student  

           staff 

           faculty 
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5. What is your level of education? 

None 

Elementary high school diploma 

High school diploma or the equivalent (GED) 

Associate degree 

Bachelor’s degree 

Master’s degree 

Professional degree (MD, DDS, DVM, LLB, JD, DD)  

Doctorate degree (Ph.D. or Ed.D.) 

 

6. What was your total household income in 2010 before taxes?  

less than $5,000 

$5,000 - $9,999 

$10,000 - $14,999 

$15,000 - $19,999 

$20,000 - $29,999 

$30,000 - $39,999 

$40,000 - $49,999 

$50,000 - $59,999 

$60,000 - $69,999 

$70,000 - $79,999 

$80,000 - $89,999 

$90,000 - $99,999 

$100,000 and over 

 

7.  Are you or do you 

           a recreational fisher? 

     eat sport-fish? 

 intend to become  pregnant? 

           pregnant? 

           a nursing mother? 

 

8.  Do you use the Washington State Healthy Fish Guide to make fish choices?  

Yes 

No 

If yes, how often?  

daily - several times a week – weekly - several times a moth - less than monthly  

 

9.  Which statement best describes your decision-making about eating fish?   

            I eat fish and haven’t changed that; the benefits of eating fish outweigh the risks.   

            I don’t eat enough fish to be at risk, my risk is less than the risk faced by others. 

            I reduce risk by eating fish that are recommended and avoiding fish that are not.   

            I eat less fish, but I don’t like trading off a healthy food like fish to reduce risk.   

            I eat fish and haven’t changed that; I don’t trust the information about risk. 
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Appendix B 

 

Perceived Behavioral Control 

 

Control beliefs 

How would you rate your level of agreement with the following statements about making 

fish choices? 

1=Strongly Disagree  

2=Disagree 

3 = Somewhat Disagree  

4=Undecided  

5=Somewhat Agree  

6=Agree 

7=Strongly Agree 

 

1. I find it difficult to know which fish to eat. (reverse-scaled)  

2. I know the fish portion sizes recommended for adults.   

3. I know the fish portion sizes recommended for children.   

4. I can determine how much fish to eat based on my specific body weight. 

5. I find it difficult to remember which fish should be avoided or eaten rarely.  

     (reverse-scaled) 

6. I have adequate knowledge about the mercury content of fish to make healthy fish  

    choices.  

7. By not eating fish that should be avoided, I will not exceed the recommended limit for   

    mercury.   

8. I am confident I can make fish choices to reduce my exposure to mercury. 

9. To make healthy fish choices, I need to know the mercury content of fish.  

 

Scoring 

Sum the numbers circled. Reverse score reverse scaled items.  

A higher score equals a higher level of control beliefs.  

 

Perceived power  

To what degree do you find the following aspects important when making a fish choice? 

1=Very Unimportant  

2=Unimportant 

3=Somewhat Unimportant 

4=Undecided 

5=Somewhat Important  

6=Important 

7=Very important 
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1. knowing which fish to eat 

2. knowing fish portion sizes recommended for adults 

3. knowing fish portion sizes recommended for children 

4. determining how much fish to eat for my specific body weight 

5. remembering which fish to avoid or eat rarely  

6. having adequate knowledge about mercury content of fish to make healthy fish choices 

7. not eating fish that should be avoided so I don’t exceed the limit for mercury exposure 

8. making fish choices to reduce my exposure to mercury 

9. knowing the mercury content of fish to make healthy fish choices 

 

Scoring 

Sum the numbers circled.  

A higher score equals a higher level of perceived facilitating conditions.  
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Appendix C 

 

Simulated Fish Choices: Scenarios 1, 2, and 3 

 

Please read each scenario and indicate your choice of fish.  

 

Fish Choice Scenario 1 
You are vacationing on the beautiful Hawaiian island of Kauai and have dinner 

reservations at a popular restaurant. Earlier this week, you ate a serving of Chilean sea 

bass.  

 

It’s time to select a dinner entrée.  

From the selections listed below, what choice will you make for dinner? 

1. Scallops 

2. Mahi mahi 

3. Avoid eating more fish this week.  

 

Fish Choice Scenario 2 
You are home in Washington after an enjoyable vacation. The refrigerator is empty so 

you go shopping for food. This week you plan to eat a serving of sardines for lunch.  

 

From the selections below, which fish will you buy for dinner?  

1. Halibut 

2. Ahi tuna (Bigeye) 

3.  Avoid eating more fish shellfish this week.  

 

Fish Choice Scenario 3 

You take friends who are visiting your home in Washington to the Pike Street Market in 

Seattle. Your friends marvel at the fish market and offer to buy fish for dinner. You ate 

canned albacore tuna for lunch today. From the selections below, which fish will you buy 

for dinner? 

 

1. Sablefish 

2. Shrimp 

3.   Avoid eating more fish this week.  

 

Simulated Fish Choices Using Mercury Calculator 

 

Fish Choice Scenario 1 
You are vacationing on the beautiful Hawaiian island of Kauai and have dinner 

reservations. Earlier this week, you ate a serving of Chilean sea bass. It’s time to select a 

dinner entrée.  
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From the selections listed below, what choice will you make for dinner? 

1. Scallops 

2. Mahi mahi 

3. Avoid eating more fish this week  

 

If you selected scallops, use the mercury calculator to determine the estimated 

percentage of the EPA limit for mercury exposure for a weekly serving of fish that 

includes a serving of Chilean sea bass (6 ounces-cooked) and a serving of scallops (6 

ounces-cooked).  

  

Follow these steps:  

1. Click on Use the Advanced Mode (under of EPA limit in blue box).  

2. Enter your body weight in pounds. 

3. Use the drop down menu under Select type of fish and select Bass, Chilean. 

4. Enter portion size as 6 ounces.  

5. Use the drop down menu under Select type of fish and select scallops. 

6. Enter portion size as 6 ounces.  

7. Click Calculate.  

         The estimated % of EPA limit for mercury exposure will appear in the blue box.      

8.    Compare your finding to 100%.  

 

Please enter the results of your calculation for the weekly fish servings of Chilean sea 

bass and scallops.     

 

1. Was the dose high or low?  

 

     a. High 

     b. Low 

 

2. Enter the estimated % of EPA limit for mercury exposure. _____ %  

 

3. Based on your calculation for Chilean sea bass and scallops, would this weekly  

    intake of fish exceed the EPA limit for mercury exposure?  

  

     a. Yes, Chilean sea bass and scallops will exceed the limit for mercury exposure. 

     b. No, Chilean sea bass and scallops will not exceed the limit for mercury exposure.  

 

4. Compared to the first scenario, would having information about the mercury content of  

    fish alter your choice?  

      

a. Yes 

b. No 
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If you selected mahi mahi, use the mercury calculator to determine the estimated 

percentage of the EPA limit for mercury exposure for a weekly serving of fish that 

includes a serving of Chilean sea bass (6 ounces-cooked) and a serving of mahi mahi (6 

ounces-cooked).  

Follow these steps:  
1. Click on Use the Advanced Mode (under of EPA limit in blue box).  

2. Enter your body weight in pounds. 

3. Use the drop down menu under Select type of fish and select Bass, Chilean. 

2. Enter portion size as 6 ounces.  

3. Use the drop down menu under Select type of fish and select mahi mahi. 

4. Enter portion size as 6 ounces.  

5. Click Calculate.  

         The estimated % of EPA limit for mercury exposure will appear in the blue box.     

8. Compare your finding to 100%.  

 

Please enter the result of your calculation for the weekly fish servings of Chilean sea bass 

and mahi mahi.     

 

1. Was the dose high or low?  

 

     a. High 

     b. Low 

 

2. Enter the estimated % of EPA limit for mercury exposure. _____ %  

 

3. Based on your calculation for Chilean sea bass and mahi mahi, would this weekly  

    intake of fish exceed the EPA limit for mercury exposure?  

     a. Yes, Chilean sea bass and mahi mahi will exceed the weekly limit for mercury  

         exposure. 

     b. No, Chilean sea bass and mahi mahi will not exceed the weekly limit for mercury  

         exposure.  

 

4. Compared to the first scenario, did having information about the mercury content of  

    fish alter your choice?  

      

a. Yes 

b. No 

 

If you selected avoid eating more fish or shellfish this week, use the mercury 

calculator for a single fish serving of Chilean sea bass.  

 

Follow these steps: 

1. Enter your body weight (pounds). 

2. Enter portion size as 6 ounces.  

3. Use the drop down menu under Select type of fish and select Bass, Chilean.  

4. Click Calculate.  
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      The estimated % of EPA limit for mercury exposure will appear in the blue box.      

6. Compare your finding to 100%.  

Please enter the results of your calculation for this single fish serving of Chilean sea bass.     

 

1. Was the dose high or low?  

 

     a. High 

     b. Low 

 

2. Enter the estimated % of EPA limit for mercury exposure. _____ %  

 

3. Based on your calculation for Chilean sea bass, would this intake of fish exceed the  

    EPA limit for mercury exposure?  

     a. Yes, Chilean sea bass will exceed the weekly limit for mercury exposure. 

     b. No, Chilean sea bass will not exceed the weekly limit for mercury exposure.  

 

4. Compared to the first scenario, did having information about the mercury content of  

    fish alter your choice?  

      

a. Yes 

b. No 

 

Fish Choice Scenario 2 

You are home in Washington after an enjoyable vacation. The refrigerator is empty so 

you go shopping for food. This week you plan to eat a serving of sardines for lunch.  

 

From the selections below, which fish or shellfish will you buy for dinner?  

1. Halibut 

2. Ahi tuna (Bigeye) 

3. Avoid eating more fish or shellfish this week 

 

If you selected halibut, use the mercury calculator to determine the estimated percentage 

of the EPA limit for mercury exposure for a weekly serving of fish that includes a serving 

of sardines (4 ounces – a single serving) and a serving of halibut (6 ounces - cooked).  

  

Follow these steps:  

1. Click on Use the Advanced Mode (under of EPA limit in blue box).  

2. Enter your body weight in pounds. 

3. Use the drop down menu under Select type of fish and select sardines 

4. Enter portion size as 4 ounces.  

5. Use the drop down menu under Select type of fish and select halibut. 

6. Enter portion size as 6 ounces.  

7. Click Calculate.  

       The estimated % of EPA limit for mercury exposure will appear in the blue box.      

 8. Compare your finding to 100%.  
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Please enter the results of your calculation for the weekly fish servings of sardines and   

halibut.   

 

1. Was the dose high or low?  

 

     a. High 

     b. Low 

 

2. Enter the estimated % of EPA limit for mercury exposure. _____ %  

 

3. Based on your calculation for sardines and halibut, would this weekly intake of fish  

    exceed the EPA limit for mercury exposure?  

 

     a. Yes, sardines and halibut will exceed the weekly limit for mercury exposure. 

     b. No, sardines and halibut will not exceed the weekly limit for mercury exposure. 

 

4. Compared to the first scenario, did having information about the mercury content of  

    fish and shellfish alter your choice?  

      

a. Yes 

b. No 

 

If you selected Ahi tuna (Bigeye), use the mercury calculator to determine the estimated 

percentage of the EPA limit for mercury exposure for a weekly serving of fish that 

includes a serving of sardines (4 ounces – a single serving) and a serving of Ahi tuna 

(Bigeye) (6 ounces - cooked).  

  

Follow these steps:  

1. Click on Use the Advanced Mode (under of EPA limit in blue box). 

2. Enter your body weight in pounds. 

3. Use the drop down menu under Select type of fish and select sardines 

4. Enter portion size as 4 ounces.  

5. Use the drop down menu under Select type of fish and select Ahi tuna (Bigeye). 

6. Enter portion size as 6 ounces.  

7. Click Calculate.  

         The estimated % of EPA limit for mercury exposure will appear in the blue box.      

8. Compare your finding to 100%.  

 

Please enter the results of your calculation for the weekly fish servings of sardines and   

Ahi tuna (Bigeye).   

 

 

1. Was the dose high or low?  

 

       a. High 

       b. Low 
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2. Enter the estimated % of EPA limit for mercury exposure. _____ %  

 

3.  Based on your calculation for sardines and Ahi tuna (Bigeye), would this weekly  

     intake of fish exceed the EPA limit for mercury exposure?  

 

      a. Yes, sardines and Ahi tuna (Bigeye), will exceed the weekly limit for mercury  

          exposure. 

      b. No, sardines and Ahi tuna (Bigeye), will not exceed the weekly limit for mercury  

          exposure.  

 

4. Compared to the first scenario, did having information about the mercury content of  

    fish and shellfish alter your choice?  

      

a. Yes 

b. No 

 

If you selected avoid eating more fish or shellfish this week, use the mercury 

calculator for a single fish serving of sardines.  

 

Please enter the results of your calculation for the weekly fish servings of sardines.  

 

Follow these steps: 

1. Enter your body weight (pounds) 

2. Enter portion size as 4 ounces.  

3. Use the drop down menu under Select type of fish and select sardines.  

4. Click Calculate.  

      The estimated % of EPA limit for mercury exposure will appear in the blue box.      

5. Compare your finding to 100%.  

 

1. Was the dose high or low?  

 

     a. High 

     b. Low 

 

2. Enter the estimated % of EPA limit for mercury exposure. _____ %  

 

3. Based on your calculation for sardines would this weekly intake of fish exceed the  

    EPA limit for mercury exposure?  

 

    a. Yes, sardines will exceed the weekly limit for mercury exposure. 

    b. No, sardines will not exceed the weekly limit for mercury exposure.  
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4. Compared to the first scenario, did having information about the mercury content of  

    fish and shellfish alter your choice?  

      

a. Yes 

b. No 

 

Fish Scenario 3 

You take friends, who are visiting your home in Washington, to the Pike Street Market in 

Seattle. Your friends marvel at the fish market and offer to buy fish for dinner. You ate 

canned albacore tuna for lunch today.  

 

From the selections below, which fish will you buy for dinner?  

1. Sablefish 

2. Shrimp 

3. Avoid eating more fish this week 

 

If you selected sablefish, use the mercury calculator to determine the estimated 

percentage of the EPA limit for mercury exposure for a weekly serving of fish that 

includes a serving of canned albacore tuna (3 ounces- approximately a ½ can) and a 

serving of sable fish (6 ounces - cooked). 

 

Follow these steps:  

1. Click on Use the Advanced Mode (under of EPA limit in blue box).  

2. Enter your body weight in pounds. 

3. Use the drop down menu under Select type of fish and select albacore tuna, canned.  

4. Enter portion size as 3 ounces.  

5. Use the drop down menu under Select type of fish and select sable fish. 

6. Enter portion size as 6 ounces.  

7. Click Calculate.  

         The estimated % of EPA limit for mercury exposure will appear in the blue box.      

8.   Compare your finding to 100%.  

 

Please enter the results of your calculation for the weekly fish servings of canned 

albacore tuna and sablefish.     

 

1. Was the dose high or low?  

     a. High 

     b. Low 

 

2. Enter the estimated % of EPA limit for mercury exposure. _____ %  

 

3. Based on your calculation for canned albacore tuna and sable fish, would this weekly  

    intake of fish exceed the EPA limit for mercury exposure?  

 

    a. Yes, canned albacore tuna and sablefish will exceed the weekly limit for mercury  

         exposure. 
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b. No, canned albacore tuna and sablefish will not exceed the weekly limit for 

mercury exposure.  

 

4. Compared to the first scenario, did having information about the mercury content of  

    fish alter your choice?  

      

a. Yes 

b. No 

 

If you selected shrimp, use the mercury calculator to determine the estimated percentage 

of the EPA limit for mercury exposure for a weekly serving of fish that includes a serving 

of canned albacore tuna (3 ounces- approximately a ½ can) and a serving of shrimp (6 

ounces - cooked). 

 

Follow these steps:  

1. Click on Use the Advanced Mode (under of EPA limit in blue box).  

2. Enter your body weight in pounds. 

3. Use the drop down menu under Select type of fish and select albacore tuna, canned.  

4. Enter portion size as 3 ounces.  

5. Use the drop down menu under Select type of fish and select shrimp. 

6. Enter portion size as 8 ounces.  

7. Click Calculate.  

            The estimated % of EPA limit for mercury exposure will appear in the blue box.     

8.   Compare your finding to 100%.  

 

Please enter the results of your calculation for the weekly fish servings of canned 

albacore tuna and shrimp.     

 

1. Was the dose high or low?  

a. High  

      b. Low 

2. Enter the estimated % of EPA limit for mercury exposure. _____ %  

 

3. Based on your calculation for canned albacore tuna and shrimp, would this weekly  

    intake of fish exceed the EPA limit for mercury exposure?  

 

    a. Yes, canned albacore tuna and shrimp will exceed the weekly limit for mercury  

        exposure. 

    b. No, canned albacore tuna and shrimp will not exceed the weekly limit for mercury  

        exposure.  

 

4. Compared to the first scenario, did having information about the mercury content of  

    fish and shellfish alter your choice?  

      

a. Yes 

b. No 
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If you selected avoid eating more fish or shellfish this week, use the mercury 

calculator for a single fish serving of canned albacore tuna.  

 

Follow these steps. 

1. Enter your body weight (pounds) 

2. Enter portion size as 6 ounces.  

3. Use the drop down menu under Select type of fish and select Albacore tuna, canned.  

4. Click Calculate.  

      The estimated % of EPA limit for mercury exposure will appear in the blue box.      

5. Compare your finding to 100%.  

 

Please enter the results of your calculation for the weekly fish serving of canned albacore 

tuna.     

 

1. Was the dose high or low?  

 High 

 Low 

 

2. Enter the estimated % of EPA limit for mercury exposure. _____ %  

 

3. Based on your calculation for canned albacore tuna, would this weekly  

    intake of fish exceed the EPA limit for mercury exposure?  

 

    a. Yes, canned albacore tuna will exceed the weekly limit for mercury exposure. 

    b. No, canned albacore tuna will not exceed the weekly limit for mercury exposure.  

 

4. Compared to the first scenario, did having information about the mercury content of  

    fish alter your choice?  

      

a. Yes 

b. No 
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Appendix D 

Technology Acceptance: Acceptance of Mercury Calculator 

Perceived usefulness of mercury calculator 

How would you rate your level of agreement with the following statements about the 

mercury calculator? 

 

1=Strongly Disagree  

2= Disagree 

3 = Somewhat Disagree  

4=Undecided  

5=Somewhat Agree  

6=Agree 

7=Strongly agree 

 

1. Using the mercury calculator makes it easy to know the mercury content of fish. 

2. The mercury calculator provides useful information about how portion size relates to    

    the mercury content of fish.   

3. The mercury calculator is useful to help me know how often to eat fish. 

4. The mercury calculator is useful to estimate mercury exposure based on my individual    

    body weight. 

5. Using the mercury calculator makes it easy to make fish choices. 

6. The mercury calculator is useful to reduce mercury exposure associated with eating   

    fish.  

7. Overall, I find the mercury calculator to be useful to make fish choices. 

 

Scoring 

Sum the numbers circled.  

A higher score equals a more positive perception of usefulness of the mercury calculator. 

 

Perceived ease-of-use of mercury calculator 

How would you rate your level of agreement with the following statements about the 

mercury calculator? 

 

1=Strongly Disagree  

2= Disagree 

3 = Somewhat Disagree  

4=Undecided  

5=Somewhat Agree  

6=Agree 

7=Strongly agree 
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1. It is easy to find fish choices when using the mercury calculator.  

2. It is easy to enter the portion size of fish into the mercury calculator. 

3. It is easy to enter body weight into the mercury calculator.  

4. I find it easy to get the mercury calculator to do what I want it to do. 

5. Learning to use the mercury calculator is easy.  

6. Overall, it is easy to use the mercury calculator to estimate mercury exposure.  

 

Scoring 

Sum the numbers circled. A higher score equals a more positive perception of ease-of-use 

of the mercury calculator. 

 

Intent to use mercury calculator 

How would you rate your level of agreement with the following statements about the 

mercury calculator? 

 

1=Strongly Disagree  

2= Disagree 

3 = Somewhat Disagree  

4=Undecided  

5=Somewhat Agree  

6=Agree 

7=Strongly Agree 

 

1. The chance that I will use the mercury calculator the next time I eat fish is high.  

2. I am planning to use the mercury calculator the next time I eat fish.  

3. My willingness to use the mercury calculator is strong. 

 

Scoring 

Sum the numbers circled.  

A higher score equals a higher level of intent to use the mercury calculator. 
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Appendix E 

 

Practice Exercises Using the Mercury Calculator 

 

This part of the survey involves using a mercury calculator to make fish choices.  

 

 A mercury calculator is used to estimate mercury exposure for a single fish 

serving or several weekly fish servings. It provides an individual, estimated percent of 

mercury exposure (% MeHg) based on body weight, portion size, and type of fish. 

To access the mercury calculator click on the link (http://www.gotmercury.org). 

Minimize the mercury calculator screen to read the directions below and to submit your 

responses. Maximize the mercury calculator screen to use it to estimate the mercury 

exposure for your choice of fish.  

Practice Using Mercury Calculator 

But first, to help you to become familiar with the mercury calculator, try finding the 

mercury content (unit of measure is parts per million or ppm) for these fish. Go to Select 

type of fish and use the scroll bar to locate fish.  

What is the mercury content of flounder? _____________ (0.045 ppm)  

What is the mercury content of tilapia? _______________ (0.010 ppm) 

What is the mercury content of orange roughy?_________ (0.554 ppm)  

 

Once you’ve done that, you’re ready to make fish choices using the mercury calculator.  

Instructions for using the mercury calculator are provided with each scenario.  
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Appendix F 

Invitation to Participate in Study 

 Dear Participant, 

 

You are invited to participate in an on-line doctoral research study about eating 

fish. In recent years, information has been published about the benefits and risks of 

consuming fish and it is important to learn about consumer response to this information. 

Students, staff, and faculty of South Puget Sound Community College who eat fish can 

participate in the study. Internet access is required for participation. 

This study involves responding to a self-administered, on-line survey that will 

take about 20 to 30 minutes to complete. Interested participants can enroll in the study at 

http://fishchoices.weebly.com. Participation in the study is voluntary. All information 

will be kept confidential.  

To thank you for your participation in the study, 10 - $25.00 gift certificates will 

be raffled off.  If you would like additional information, please contact me by phone or 

email. Study results will be made available to interested participants. 

 

Sincerely, 

 

Sharon Wallace, PhDc, MSN, RN, CCRN 
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Appendix G 

 

Permission to Use Mercury Calculator 

 
 

-----Original Message----- 

From:  [mailto: ]  

Sent: Wednesday, November 21, 2007 1:43 PM 

To:  

Subject: Interest in Mercury Calculator 

 

 

Dear Ms. Wallace, 

 

We are happy to permit you to use our mercury calculator in your 

dissertation so long as GotMercury.Org is duly credited. Can you tell 

me 

more about your dissertation? Perhaps we can apply some of your 

research 

to our work as well. 

 

Thank You. 

Sincerely, 

 

Caryn Mandelbaum 

 

> ------ Forwarded Message 

> From: > Date: Sun, 18 Nov 2007 13:40:06 EST 

> To:  Cc: Subject: 

Interest in Mercury Calculator 

> 

> Dear Sir or Madam, 

> I am writing to obtain permission to use the mercury calculator 

hosted on 

> the gotmercury.org site in my dissertation research. If I should 

direct my 

> request to another site or specific person, please advise. 

> 

> I have sent an email regarding this request to the contact listed but 

have 

> not received a response. I will be happy to provide any information 

that 

  you 

> request about this important health research and look forward to your 

> response. 

> Sincerely, 

> Sharon Wallace, MSN, RN, CCRN 

> 

> 
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Appendix H 

Expert Reviewer Criteria for Measuring Content Validity 

 

Dear _____________, 

 Thank you for agreeing to provide expert review for the survey tool developed for 

Part I of the study Using Information Technology to Reduce a Health Risk: Effect of a 

Mercury Calculator on Consumer Fish Choices and Test of a Model for Technology 

Acceptance by Fish Consumers.  

 Fish consumption (eating fish and shellfish) is the primary mechanism for human 

exposure to methylmercury (MeHg), a well-documented, potent neurotoxin (Mergler, 

Anderson, Hing Man Chan, Manhaffey, Murray, Sakamoto, & Stern, 2007).  Research 

indicates consumers lack adequate information about the mercury content of fish to make 

informed choices about eating fish. Information technology can be used to fulfill this 

unmet informational need. 

 This study involves consumer health information technology (CHIT) and the use 

of personalized information to reduce a health risk. A web-based mercury calculator, 

designed to estimate mercury exposure based on fish species, portion size, weekly 

consumption, and body weight, will be used to provide consumers with individualized 

feedback about mercury exposure associated with fish choices. The effect of using the 

mercury calculator on perceived behavioral control, a concept from the Theory of 

Planned Behavior, will be investigated.  

 Study participants will be asked to complete a web-based survey about fish 

choices. The survey consists of a pre-test about fish choices (simulation), administered 
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without using a mercury calculator, and a post-test about fish choices (simulation), 

administered after using a mercury calculator. Research questions for Part I are listed 

below.                           

RQ1: How does fish consumers’ level of perceived behavioral control (knowledge) about   

          the mercury content of fish relate to making healthy fish choices?  

RQ2: Will using a web-based mercury calculator (tailored information about the mercury    

          content of fish choices) to make choices affect fish consumers’  level of perceived      

          behavioral control?  

RQ3: Will using a web-based mercury calculator (tailored information about the mercury   

          content of fish choices) to make fish choices alter fish consumers’ choice of fish?  

 

 Icek Azan, author of the Theory of Planned Behavior, defines perceived 

behavioral control as beliefs about engaging in a behavior and the power of various 

factors that inhibit or facilitate engaging in the behavior. The questionnaire for perceived 

behavioral control consists of 9 items to measure control beliefs and 9 items to measure perceived 

power. A seven-point Likert scale will be used to assess agreement with each statement. 

The criteria for measuring content validity is described below.  A table is provided after each 

section for ease of recording.   

Criteria for Measuring Content Validity 

Relevance 

1= not relevant 

2= item needs revision 

3=relevant but needs minor revision 

4= very relevant 
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Clarity 

1=not clear 

2=item needs some revision 

3=clear but needs minor revision 

4=very clear 

Simplicity 

1=not simple 

2= item needs some revision 

3=simple but needs minor revision 

4=very simple 

Ambiguity 

1=doubtful 

2=item needs some revision 

3=no doubt but needs minor revision 

4=meaning is clear 

(Yaghmale, 2003) 

Part I Perceived Behavioral Control  

Control beliefs 

How would you rate your level of agreement with the following statements? 
1=Strongly Disagree  

2=Disagree 

3 = Somewhat Disagree  

4=Undecided  

5=Somewhat Agree  

6=Agree 

7=Strongly Agree 

 
1. I find it difficult to know which fish to eat. (reverse-scaled)  

2. I am familiar with fish portion sizes recommended for adults.   

3. I am familiar with fish portion sizes recommended for children.   

4. I can determine how much fish to eat based on my specific body weight. 
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5. I find it difficult to remember which fish should be avoided or eaten rarely if at all.  

     (reverse-scaled) 

6. I have adequate knowledge about the mercury content of fish to make healthy fish  

    choices.  

7. By not eating fish that should be avoided, I will not exceed the recommended limit for   

    mercury.   

8. I am confident I can make fish choices to reduce my exposure to mercury. 

9. To make healthy fish choices, I need to know the mercury content of fish.  

Question Relevance Clarity Simplicity Ambiguity Comments 

1      

2      

3      

4      

5      

6      

7      

8      

9      
 

Perceived power  

To what degree do you find the following aspects important when making a fish choice? 

1=Very Unimportant  

2=Unimportant 

3=Somewhat Unimportant 

4=Undecided 

5=Somewhat Important  

6=Important 

7=Very important 

 
1. knowing which fish to eat 

2. being familiar with fish portion sizes recommended for adults 

3. being familiar with fish portion sizes recommended for children 

4. determining how much fish to eat for my specific body weight 

5. remembering which fish to avoid or eat rarely if at all  
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6. having adequate knowledge about mercury content of fish to make healthy fish choices 

7. not eating fish that should be avoided so I don’t exceed the limit for mercury exposure 

8. making fish choices to reduce my exposure to mercury 

9. knowing the mercury content of fish to make healthy fish choices 

 

Question Relevance Clarity Simplicity Ambiguity Comments 

1      

2      

3      

4      

5      

6      

7      

8      

9      
 

Please email responses to   

Thank you for sharing your expertise. 

Best regards, 

Sharon Wallace 

 




