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1 Introduction
In recent years, many studies have been conducted to 

assess the benefit of fish consumption to human health and 
in chronic diseases prevention. However, the results are 
inconsistent due to the difficulty to assess the consumption 
of fish and fish products (Sirot et al., 2011; Mina et al., 1007). 
Fish consumption is affected by several factors, namely the 
socioeconomic profile of consumers, their dietary standards, 
personal features, health conditions, and behavioral statements 

(Trondsen et al., 2003).

The need to assess dietary standards in distinct populations 
led to the use of questionnaires and, more recently, other methods 
such as the telephone and the Internet (Vanderslice et al., 2008). 
Questionnaires are used to collect information on behaviors, 
attitudes, opinions, and preferences (Rodrigues et al., 2005). The 
low cost and short time for filling out are the major advantages 
of using questionnaires. However, the number of studies on the 
validation of dietary intake is limited in Brazil (Ribeiro et al., 
2009).

The use of the Internet and new technologies has allowed 
great changes in the educational systems, mainly at higher-
learning institutions, which demonstrates how the use of high 

technology may allow the introduction of important innovative 
methods (Bargas-Avila et al., 2009).

The widespread use of computers in organizations has 
allowed new survey methods. In companies, the use of intranet 
has been increasing substantially, and it can be used as a tool 
to apply questionnaires (Stanton & Rogelberg, 2001; Bargas-
Avila et al., 2009).

The use of the Internet to carry out surveys in institutions 
has brought many benefits, such as cost reduction, increased 
number of participants, and easiness to handle and analyze 
data (Stanton & Rogelberg, 2001). However, care should be 
taken when collecting data via the Internet, due to response 
variability, interruptions when filling out the forms, and lack of 
monitoring of the survey firm (Cronk & West, 2002). Collecting 
data online allows us to conduct a survey worldwide, mainly 
among populations that are difficult to access; on the other 
hand, it requires meticulous analysis to release the study and 
to select samples that ensure quality and validity of the results 
(Cantrell & Lupinacci, 2007). In face of the difficulty to assess 
fish consumption, this study aimed to design an online data 
collection instrument at a university community, as well as to 
validate its consistency using multivariate data analysis.
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After a bibliographic review and the adoption of the Focus 
Group technique to construct the scales, a quantitative study 
was conducted. It allowed to empirically corroborate factors 
that influence fish consumption and to evaluate how these 
factors relate to the use of the appropriate statistical technique 
to validate the scale.

Subsequently, the relationship between the variables of 
interest was verified. To identify the relationship between 
the factors adopted in the modeling method, the Structural 
Equation Modeling – SEM – was used. SEM is used to study 
complex phenomena that involve factors (latent variables) that 
cannot be directly measured (Pasquali, 2003;  Universidade 
de São Paulo, 2010).This method includes several designated 
models such as the Covariance Analysis of Structure (CAS), 
the Latent Variable Analysis (LVA), the Confirmatory Factorial 
Analysis (CFA), and the Path Analysis (PA); it was also referred 
to as the LISREL analysis in the literature during the 1980s. 
SEM uses simultaneously a series of dependency relations, 
which is particularly useful when a dependent variable 
becomes independent in subsequent relations of dependency 
(Universidade de São Paulo, 2010).

The structural model relates to dependent and independent 
variables. The SEM models generally involve measurement and 
structural theories. The measurement theory specifies how 
the measured variables represent logically and systematically 
the constructs involved in a theoretical model, that is, the 
theory specifies a series of relationships that suggest how 
measured variables represent a latent construct that is not 
directly measured (Hair  Jr.,  et  al., 2009; Gefen  et  al., 2009; 
Hershberger  et  al., 2003). The exogenous (independent) 
and endogenous (dependent) variables are the constructs or 
latent variables of the study and are represented by ellipses. 
The variables or indicators are represented by rectangles, the 
arrows represent the casual relationships between the latent 
variables or the effect of variables in the measurement models 
(Maruayama, 1998).

The software programs SPSS 15.0 and SmartPLS  –  PM 
2.0 M3 (Partial Least Square – Path Modeling) were used. The 
reliability test was performed to evaluate the threshold level 
for error-free, and therefore, it presents consistent results in 
the calculus of Cronbach’s Alpha Coefficient (Rodrigues et al., 
2005). A minimum criterion to assess the scales is the value of 
the Cronbach’s Alpha Coefficient between 0.6 and 0.7, as long as 
the other indicators for the validation of the model conduct are 
good. High reliability of the constructo indicates the existence 
of internal consistency, which means that all measurements are 
consistent with the same construct (Hair Jr. et al., 2009). The 
validation of the measurement models of each construct was 
performed through successive adjustments. The adjustment 
indexes were checked in each process.

3 Results
A total of 1,966 volunteers belonging to the USP community 

were considered for the data analysis. They were graduate 
and undergraduate students, faculty members, and staff of all 
USP campuses. The results show that special attention should 

2 Materials and methods
The Focus Group survey technique was used; it consists of a 

survey conducted by a specialized moderator, and its application 
allows an in-depth analysis of the issue (Malhotra, 2008). This 
survey technique can also be characterized as a resource to 
understand the analytical process of perceptions, attitudes, and 
social representations of human groups (Morgan, 1997; Veiga 
& Gondim, 2001). The Focus Group technique may be used to 
address several issues, such as the understanding of perceptions, 
preferences, and consumer’s behavior for a given product. 
Moreover, it can be used to analyze a product acceptability, 
to assess new products, and to collect information to develop 
surveys and generate quantifiable hypothesis (Malhotra, 2008).

First, an experienced specialist in conducting the Focus 
Group technique conducted the survey using semi-structured 
interviews in March 2009, at ESALQ  –  USP (College of 
Agriculture “Luiz de Queiroz” of the University of São 
Paulo – Brazil). Sixteen volunteers from ESALQ and UNICAMP 
(State University of Campinas – São Paulo – Brazil) were invited 
to participate in the Focus Group survey.

The instrument was then submitted for evaluation to 
personnel specialized in the survey techniques. The instrument 
was available and accessed through the Internet. Subsequently, 
it was submitted to a group of potential participants for its 
semantic validation, that is, to ensure that the scale items were 
understandable to the participants (Pasquali, 2003). Afterwards, 
the structural model to be tested was defined. Multiple-choice 
question items were constructed using a rating scale of attitude 
–5 point Likert-type scale– next, they were grouped according 
to the main features: “Consumption”, “Purchase”, “Quality” and 
“Nutrition and Knowledge”.

The samples comprised graduate and undergraduate 
students, faculty members, and staff of USP (University of São 
Paulo). USP has a population basis of 108,636 (Universidade de 
São Paulo, 2010). The non-probabilistic sampling was used for 
convenience, in which the participants were invited by e-mail 
to participate voluntarily in the survey. This sampling technique 
adopted is less costly, the sampling units are more accessible, 
and it is easy to measure. However, there are limitations in 
terms of population representativeness and care must be taken 
in generalizing results (Malhotra, 2008;  Perez & Zwicker, 2010). 
The project was submitted to the Ethics Committee for Research 
(CEP) at ESALQ – USP and was approved under the protocol 
No.21 (COET/046).

The instrument was made available on a specific homepage 
and e-mails were sent to invite USP employees and students to 
voluntarily participate to collect research data. The survey was 
disseminated through social media, websites of some research 
institutes, electronic newsletters, speeches, brochures, and 
posters that were posted on bulletin boards all over campus. 
On the website, the participant had access to the Statement of 
Informed and Free Consent (IFC) of the survey and contact 
with the researchers, and, therefore, they could choose to fill 
out the forms by providing their institutional e-mail and USP 
ID number.
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variables (Zwicker et al., 2008). The Cronbach’s Alpha Coefficient 
is also an assessment parameter, and the values higher than 
0.5 are acceptable. However, the general recommendation 
includes values between 0.6 and 0.7; above this level, there is 
an indicative of good internal consistency (Hair Jr. et al., 2009). 
Considering the criteria for the defined adjustments, there were 
some problems in the CARAC construct regarding the AVE, in 
which the values were lower than those recommended (0.3452) 
and those in the Cronbach’s Alpha Coefficient, in which there was 
a lower value in the CN construct (knowledge and nutrition). 

be given to the interpretation of the results in the samples. 
The results indicate a dominant proportion of male, single, 
undergraduate students (Table 1). The average age was 30-42 
years old (±12.41), and women were the majority (61.6%).

The first SEM analysis was carried out with all measurement 
indicators of latent variables with partial estimation in Partial 
Least Squares-Path Modeling (PLS-PM) (Chart 1).

The initial model tested (Figure  1) shows problems of 
factorial load related to the CARAC construct comprised of 
general characteristics of consumption and fish quality, including 
a negative load (CCS1), besides the other non‑satisfactory 
indicators of adjustments (Table 2). The CS construct refers to 
consumption, the CN to nutrition and knowledge, and CQ to 
quality.

To assess the converging validity, we should check if the 
AVE is higher than 0.5 (greater than 50%), which meets the 
criterion recommended (Hair Jr. et al., 2009). The index of the 
composite reliability analysis and that of the Cronbach’s Alpha 
of each construct must be higher than or equal to 0.7, which 
evaluates if the indicator adequately measures the construct 
(Hair Jr. et al., 2009; Zwicker et al., 2008).

The discriminant validation determines whether the 
variable is adequately discriminated. The test is carried out 
using the square root of the AVE, which must be higher than 
the correlation between the constructs (Zwicker et al., 2008). 
In the converging validity, the load of each indicator must be 
greater than 0.70, high in the latent variable, and low in the other 

Table 1. Sample profile. 

Variable N %
Marital status 
Single 1,295 65.9
Married 455 23.1
Living with a partner 139 7.1
Divorced 69 3.5
Widow/widower 8 0.4
Total 1,966 100
Category 
Undergraduate student 1,035 52.6
Graduate student 347 17.7
Campus staff 303 15.4
Faculty 248 12.6
Others 33 1.7
Total 1,966 100

Figure 1. Initial structural model tested. Source: SmartPLS.
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(Chin, 1998). The adjustment indexes in the SEM analysis were 
also satisfactory (Table 3).

These results show that with the exclusion of the problematic 
variables, there was an improvement in the AVE indicators, 
which remained above 0.5 and the R2 increased. The reliability of 
the constructs was assessed in the Cronbach’s Alpha Coefficient 
and in the response reliability, and all results (Table  3) 
remained above the minimum threshold recommended of 
0.7 (Hair  Jr.  et  al., 2009). The indicators in the CARAC and 
CS constructs greatly improved with the elimination of the 
problematic variables.

4 Discussion
The initial model of measurements, containing all 

indicators, submitted to the SEM analysis, showed measurement 
adjustments that, in general, greatly differed from the levels 

This occurred because this construct has only three indicators 
(Hair Jr. et al., 2009).

The adjustment process was applied, and the indicators 
that had lower factorial load were removed from the model 
individually, evidencing the low index of multiple square 
correlation (R2) (Zwicker et al., 2008). Therefore, considering 
all the established criteria, the initial model, which originally 
comprised 24 indicators, consisted of 15 indicators, as it was 
necessary to remove nine variables to make the adjustment 
(Chart 2). It was observed that of the nine variables removed 
only three belonged to the Likert scale, while the other variables 
belonged to the multiple choice questions.

After analyzing the data with the excluded variables, 
the result in the structural model (Figure  2) was obtained. 
All variables in the CQ, CARAC, and CS constructs showed 
factorial loads higher than 0.7 and most variables above 0.8, 
which indicates that there is convergent validity (Figure  2) 

Chart 1. Description of constructs and respective items. 

Construct Indicators Scale Item*

Consumption 

How often do you eat fish? Multiple choice CCS 1
How important is the fish taste to you? Likert 1 -5 CS1
How important is the fish smell to you? Likert 1 -5 CS2
How important is the fish color to you? Likert 1 -5 CS3
How important is the fish texture to you? Likert 1 -5 CS4
Where do you usually eat fish? Multiple choice CCS2
How much fish do you eat a week? Multiple choice CCS 3
How have your fish eating habits changed recently? Multiple choice CCS4
Considering the consumption of 12 Kg/per capita/year, how do you grade your fish eating habit? Multiple choice CCS5

Quality

When you buy fish, how important is the packaging to you? Likert 1 -5 CQ1
When you buy fish, how important is the product brand to you? Likert 1 -5 CQ2
When you buy fish, how important is the origin of the product to you? Likert 1 -5 CQ3
How important is it for the fish to have the Sanitary Inspection Stamp? Likert 1 -5 CQ4
How important is the availability of the fish where you regular buy it? Likert 1 -5 CQ5
What do you think of the initiative to trace the fish production chain? Likert 1 -5 CQ6
Are you satisfied with the quality of the fish available in the market? Likert 1 -5 CQ7
Where do you usually buy fish? Multiple choice CCQ1
When you buy fish, what is your preference for the packaging? Multiple choice CCQ2
Do you know what a traced product is? Dichotomy CCQ3
Are you willing to pay more for a product that has guarantee of quality? Dichotomy CCQ4
If so, how much more are you willing to pay? Multiple choice CCQ5

Nutritional 
knowledge

How important is the nutritional value of fish for you when you buy it? Likert 1 -5 CN1
How do you grade your knowledge in terms of the nutritional value of fish? Likert 1 -5 CN2
Do you believe that fish is beneficial to health? Dichotomy CCN1

*Abbreviations to identify the variable during the program execution.

Table 2. Measurement model. 

Construct AVE Reliability of 
response

R2 Cronbach’s Alpha Communality Redundancy

CARAC 0.345 0.712 0.617 0.561 0.345 0.105
CN 0.667 0.799 0.513 0.667
CQ 0.881 0.983 0.980 0.881
CS 0.694 0.917 0.884 0.694

CARAC= construct of general characteristics; CN= construct of knowledge and nutrition; CQ= construct of quality; CS= construct of consumption; AVE= Average Variance Extracted.
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due to environmental contamination and inadequate handling 
during the fish processing, which may also lead the participant 
to confusion or incomprehension of the item.

This aspect should be considered since the main objective 
of the SEM is to assess the construct validity, that is, the level at 
which the items measured actually reflect the theoretical latent 
construct. Although the items CN1 and CN2 show limiting 
factorial loads when other adjustment criteria are used, such 
as in the AVE, the high level of loads shows variance problems 

considered reasonable considering the converging validity, 
discriminant validity, and latent variable reliability or constructs. 
The factorial loads attributed to these variables suggest that 
there is a theoretical problem regarding the way the questions 
were constructed and their respective response scales. For 
example, the item CCS1 “how often do you usually eat fish?” 
may be difficult for the participant to assess, which may lead to a 
possible mistaken response. Another problematic item is CCN1 
“do you believe fish is beneficial to health?” because of some 
reports in the literature of fish causing diseases to consumers 

Chart 2. Description of final constructs and the respective items. 

Construct Indicators Scale Item
How important is the taste of fish to you? Likert 1 -5 CS1
How important is the smell of fish to you? Likert 1 -5 CS2
How important is the color of fish to you? Likert 1 -5 CS3
How important is the fish texture to you? Likert 1 -5 CS4

Quality

When you buy fish, how important is the packaging to you? Likert 1 -5 CQ1
When you buy fish, how important is the product brand to you? Likert 1 -5 CQ2
When you buy fish, how important is the product origin to you? Likert 1 -5 CQ3
How important is it for the fish to have the Sanitary Inspection Stamp? Likert 1 -5 CQ4
How important is the availability of the fish where you regular buy it? Likert 1 -5 CQ5
What do you think of the initiative to trace the fish production chain? Likert 1 -5 CQ6
Are you satisfied with the quality of the fish available in the market? Likert 1 -5 CQ7
Where do you usually buy fish? Múltipla escolha CCQ1

General characteristics 
When you buy fish, what is your preference for the packaging? Múltipla escolha CCQ2
Do you know what a traced product is? Dichotomy CCQ3
Are you willing to pay more for a product that has guarantee of quality? Dichotomy CCQ4

Figure 2. Structural model of final adjustment. Source: SmartPLS .
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the variables is presented. These estimations are dependent on 
the fact that the specified model (diagram) is correct. Second, we 
can test if the model is consistent with the observed data, and if 
it is, we can say that it is plausible; however, it is not possible to 
affirm if it is correct (Maruayama, 1998; Klem, 2006).

In our study, the final model was not consistent with the 
initial model with respect to latent variables (constructs), and 
it was necessary to exclude the consumption and nutrition 
constructs and six variables of the CARAC, in which five of the 
variables were related to consumption and one with quality. The 
items in the CARAC construct were built with multiple-choice 
questions. The literature, however, shows that there was no 
obstacle for the SEM analysis with variables of different scales, 
which is supposedly one of the reasons for the low factorial 
loads observed.

The previous analysis of the literature for fish consumption 
is the main aspect for the adjustment of the SEM analysis. Based 
on the premise that the path analysis is related to models of 
one-direction causal flux, in which the measurements of each 
concept variable are perfectly reliable, it is believed that there 
is no measurement error (mensuration) or specification of the 
variables (structure). Each measurement is seen as an exact 
representation of the theoretical variable. One can expect that in 
these areas where human behavior has been investigated, such 
as in the case of the consumer behavior, assuming that there is 
such a thing a perfect reliability is unreal (Maruayama, 1998). 
SEM is more of a method of confirmatory analysis, more guided 
by the theory than empirical results. However, SEM offers the 
estimation for the load of all relations theoretically predicted 
(Hair Jr. et al., 2009). The available data refer to the impact of a 
variable on another, as well as to the relationship of an indirect 
influence of a variable located between two others, in this 
case the CARAC construct. We must consider that the sample 
studied is composed, mostly, of college students and that changes 
occur in the life style during college life, such as the changes 
concerning the food diet quality and other behavioral changes 
that may affect the results (Soriano et al., 2000). For the dietary 
assessment, self-administered questionnaires or interviews are 
usually used. The use of information and communication 
technologies for dietary assessment has been recently reviewed 
and shown desirable results  (Touvier et al., 2001).

The Internet facilitated data collection; on the other hand, 
interpretation errors, for example, cannot be controlled, 
requiring care with the specific terminology and with item 
formulations. It seems that even using a sample of a college 
community, there was misinterpretation of some items, which 
is not possible to assess. However, studies show that data 
collected using the Internet have more prediction validity and 
fewer systematic errors than data collected from interviews on 

in the construct. SEM does have a unique objective to establish 
isolated causal relation. For the interpretations in the SEM to 
be adequate, the idea of cause/effect should be abandoned and 
the idea of predictor/consequence should be adopted. This way, 
SEM can help clarify the causal relations that may not be implicit 
in correlated data (Mueller, 1997).

Considering the measurement features (nature and 
asymmetry), the estimation method of Partial Least Square (PLS) 
has structural advantages for the treatment of equation models. 
The PLS introduces the notion of latent or non-observable 
variable. It allows specifying the nature of relationships between 
latent variables and their indicators and the treatment of 
several explanatory variables in the same model. It also allows 
approaching problems of asymmetry in the variables and 
considering measurement errors (Falk & Miller, 1992). It is 
believed that the variables initially excluded do not correspond 
to the constructs and to the purpose of their measurements. This 
can result from the construction of the variable itself, and it is 
possible that the variables may have been poorly constructed 
and, therefore, did not fit the model.

The final model shows that assumptions in the literature, 
mainly related to quality and fish consumption, corroborate the 
need to include these constructs in the assessment instruments 
of the consumer’s perception of fish consumption in Brazil. The 
main features related to consumption corroborate the items 
observed in the Focus Group analysis, based on the theory 
presented in several studies (Oetterer, 2002; Vinholis & Azevedo, 
2002; Sonoda, 2006; Food and Agriculture Organization of 
the United Nations, 2009). On the other hand, it seems that 
for the sample studied, items such as frequency, amount and 
place of consumption, as well as the knowledge and importance 
of the fish nutritional value are not so expressive variables 
in the proposed model. The variables related to the product 
quality should be highlighted. This strong correlation of the 
variables related to product quality, consumption, and general 
characteristics seem to indicate a market trend in which food 
safety and quality have become vital for the purchase of the 
product (Federação das Industrias do Estado de São Paulo, 
2010). The analysis of the final adjustment criteria shows that the 
measurement model is adequate for the validity and reliability of 
the constructs, as well as for the construction of the structural 
model presented.

However, the use of SEM requires a theoretical justification 
to specify the relations of dependence and modifications of 
the relations proposed (Hair  Jr.  et  al., 2009). Thus, it seems 
that explanatory studies that measure concepts do not allow to 
predict all variables due to the subjectivity involved. Accordingly, 
two main results may be expected from the SEM analysis. First, 
an estimation of the magnitude of the effects established between 

Table 3. Criteria for adjustment of the quality variable. 

Construct AVE Response reliability R2 Cronbach’s Alpha Communality Redundancy
CARAC 0.598 0.816 0.529 0.664 0.598 0.0067

CQ 0.882 0.984 0.981 0.882
CS 0.797 0.940 0.915 0.797
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the instrument focusing on the consumer’s perception for fish 
consumption, and the results are in line with those reported in 
the literature for the same matter.

Therefore, the analyses of the proposed instrument show 
good statistical indicators. The AVE indicator that reflects the 
general amount of variance in the indicators explained by the 
latent construct obtained values above 50% in all constructs 
for general characteristics 59%, quality 88%, and consumption 
79%. The Cronbach’s Alpha Coefficient also showed, after 
the removal of the problematic variables, values above the 
recommended, which indicated a good internal consistency, 
that is, the instrument measured the proposed objectives in 
the constructs, at least in the sample studied. Regarding the 
communality of the constructs, it was observed that after the 
exclusion of the variables that compose the construct nutrition, 
the results showed values above those recommended for the 
elimination (40%) in all constructs for general characteristics 
59%, quality 88%, and consumption 79%.

It is concluded, therefore, that SEM was efficient in 
analyzing the causal relations between the constructs, which 
indicates concordance between the literature and the final 
model proposed in this research. Thus, the reproducibility 
of the instrument is possible in other samples with minor 
adjustments.
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showed that there is discrimination between the generations 
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