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A B S T R A C T   

E-commerce is becoming a major contributor to the worldwide economic system, owing to its adaptability and 
ease of use for both customers and service providers. Recommender systems are embedded in most modern e- 
commerce websites, as efficient tools for guiding users to view additional items provided by e-commerce portals. 
These items are matched with customers’ interests depending on their current activities, or on preferences stated 
in their profiles. As service providers are more concerned with the long-term behavior of customers, and spe-
cifically customer loyalty (which bears directly on the long-term success of e-commerce websites), most 
recommender systems have been developed to consider that aspect. This study investigates the major factors in 
the loyalty formation of female online shoppers through an e-commerce recommender agent. A new model is 
introduced, developed, and analyzed for helping to improve e-commerce customer loyalty via the recommender 
systems. Based on the implications of the results, we can understand research constructs and highlight research 
outcomes to help in managing recommender systems more effectively.   

1. Introduction 

The onset of internet services and “Web 2.000 technologies has pro-
vided the commerce community with hundreds of brands from e-stores 
worldwide for users, and a context in which the users can browse items, 
compare prices, and take advantage of great offers [1]. In recent years, 
the growth of online sales profits has exceeded that of most traditional 
market sales, as customers seek to find new markets outside their do-
mestic areas [2]. As a result, new trading models have been introduced 
into the global economy [3]. Previously-unworkable business schemes 
are being developed, and are emerging with the advent of online systems 
[4]. E-commerce systems make it possible for people to make trans-
actions through wireless networks or through the internet medium, 
eliminating the need to physically visit a marketplace. The massive 
advancement of e-commerce systems has created an interest in theo-
retical and practical research to investigate the keys to the advancement 
and profitability of such systems. 

However, the massive growth in e-commerce sales has been 
accompanied with user frustration, owing to the vast amount of 

information that users must progress through to make a purchase. 
Several competitive e-commerce websites seek to attract users, which 
can lead to an information overload problem. An information overload 
problem occurs when a user faces an excess of information that exceeds 
his/her limited capacity to process information. Consequentially, the 
information overload problem will require additional intellectual effort 
from the user to make decisions regarding items he/she viewed. As it is, 
the user must spend a significant amount of time evaluating products 
and their prices before proceeding to a purchase process. 

As a vital part of modern e-commerce websites, recommender sys-
tems serve as supporting tool in the decision-making process, by 
providing suitable recommendations to users [5]. Many studies have 
indicated that the integration of recommender systems into e-stores 
enhances the quality of choices and users’ overall confidence regarding 
their choices, with reduced levels of search complexity [6–9]. Recom-
mender systems work efficiently to guide users to view more items in 
catalogues that match their interests, depending on their current activ-
ities or on their preference profiles. Recommender systems provide 
benefits to both service providers and customers [8]. For users, a 
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recommender system can improve the search efficiency in finding 
desirable products, whereas service providers gain an advantage from 
increasing the users’ likelihood of satisfaction, intention to purchase, 
and loyalty [8,10,11]. It is essential to inspect the aspects that can 
trigger consumers to accept consultations presented to them by recom-
mender systems, and to measure the compatibility of the generated 
recommendations with the desired outcomes of recommender systems. 

Previous research studies have addressed how to improve recom-
mender systems by means of the design of the operation mechanisms 
and the accuracy of the generated algorithm [12–14] Although accuracy 
metrics can enhance users’ perceptions of the quality of the generated 
suggestions, the accuracy of the algorithm can only partially reflect the 
overall user experience [15]. There remains a need to inspect the po-
tential factors affecting peoples’ willingness to use/accept recommender 
systems, through subjective measures. Several theories, based on phys-
iological and sociological backgrounds, have been advanced to provide 
potential justifications for the user acceptance and adoption of a specific 
technology [16]. A clear relationship has been established between 
customers’ attitudes and their behavioral intentions to purchase prod-
ucts or to benefit from online services in e-markets [17–19]. Customer 
intentions indicate actual user behavior, and have been highlighted as 
being the best determinant of customer behavior. A purchase intention 
reflects a consumer’s actual plan to purchase a targeted item or acquire a 
desired service. The purchase intention also provides an indication of 
the user’s adoption of online systems [20]. In that regard, an under-
standing of actual user behavior can be achieved by inspecting the 
factors that can improve the user’s intention [21]. In the real world, 
companies are more interested in users’ long-term behavior, as reflected 
by repetitive purchases and increased profits for e-market websites. 
Some empirical research studies have investigated the effects of using a 
recommendation agent on users’ behavioral intentions in a short-term 
scenario [10,22]. However, service providers are more attentive to the 
deep-rooted enhancement of the experience of their commercial hosts, 
which can be measured by trust and satisfaction (as prerequisites of a 
loyalty formation process). 

E-commerce customers can easily switch among various websites to 
view more products and choices, which can negatively affect e-vendors, 
as the difficulty of maintaining loyal customers increases dramatically 
[23–27] One crucial issue of concern for e-vendors is understanding the 
formation of a sense of loyalty by e-commerce customers [28–32]. On-
line loyalty, repurchase intentions, continuous intentions, or e-loyalty 
(for short) can be considered as reflecting customers’ behavioral in-
tentions to buy from an e-vendor, without changing to other e-vendors 
[28,33]. Accordingly, it is essential to explore the aspects that might 
increase a user’s likelihood to frame a persistent relationship with the 
e-shop via the recommender system. Hence, it is important to measure 
user loyalty towards an online recommendation website. Loyalty has 
traditionally been investigated by extensively focusing on objective 
behavioral dimensions, through the examination of statistics that mea-
sure customers’ repurchase behavior. Recently, researchers have argued 
that there is a need to concentrate on the attitude dimension of customer 
loyalty, which can be evaluated through a user-centric evaluation in the 
context of recommendation system research. The attitude dimension of 
loyalty involves studying what goes on in the customer’s mind [34]. 

In view of the above, identifying the cognitive factors that derive 
satisfaction, trust, and loyalty in an e-commerce recommender system 
scenario (through the supported literature) would provide an important 
contribution to the theory in this context. Therefore, the motivations 
behind this imperial investigation lie within three main objectives. The 
first objective draws on an insight to fill the hole in ongoing research, by 
examining and inspecting the benchmarks for the success of recom-
mendation agents, focusing on a user-oriented point of view. The second 
objective is to propose an integrative research model that combines 
different aspects to contribute to the development of an abiding quality 
relationship with the system. The third objective is to validate the pro-
posed model, which will help uncover how the various aspects relate to 

customer loyalty. This, in turn, can assist vendors in effectively con-
trolling and improving the long-term relationship between customers 
and recommender systems, by involving those factors in the e-commerce 
recommendation agents. The results of the analysis are presented in the 
conclusion section, as well as the theoretical and practical implications 
for both researchers and e-service vendors. As far as we know, few 
research studies have focused on the correlation between the numerous 
quality aspects of the recommendation engine and their outcomes, and 
the longstanding interplay between the user and the agent [11]. 

This study is structured into seven main parts. Section 2 presents a 
literature review of previous studies in the same context. Section 3 in-
vestigates the background of this study, focusing on previously adopted 
theories in the same context. Section 4 presents the development of the 
model and hypotheses. The survey design and pilot study are clarified in 
Section 5. The empirical outcomes are discussed in detail in Section 6. 
Finally, the conclusion is introduced in Section 7. 

2. Literature review 

The availability of various competitive e-commerce platforms has 
encouraged researchers to concentrate on loyalty as a measure of system 
success. Online loyalty, or e-loyalty for short, has been deeply investi-
gated in the literature, with the proposition of several definitions of 
“loyalty” with various concentrations of attitudinal or behavioral loyalty 
perspectives. However, an objective measure of loyalty, e.g., as the 
purchase ratio, is not sufficient to reflect a user’s true sense of loyalty 
[27,35]. Recently, researchers have argued that there is a need to focus 
on both the behavioral and attitudinal dimensions of customer loyalty 
[36]. Definitions of loyalty in previous studies focused on aspects of 
attitude [30,35,37–39], intention [26,28,29,40,41], or behavior [13,14, 
21,24]. 

As a recommender system is an influential tool in modern online 
market technologies, it is crucial to inspect the factors that might in-
crease a user’s likelihood of building a profitable long-term relationship 
with a recommender system. A few studies have investigated how to 
improve customer loyalty in regard to recommendation agents by 
adopting user-oriented perspectives. Of particular relevance to our 
research, Yoon et al. [11] assessed the influence of two moderator var-
iables: customers’ product knowledge regarding a specific domain, and 
users’ experiences in customer loyalty from using recommendation 
agents. The proposed framework was developed based on a cogni-
tion–affect–behavior model. The study tested the framework empiri-
cally, using between-subject experiments in a lab-controlled 
environment. The results indicated the negative impact of customer 
product knowledge on customer loyalty towards the website that hosts 
the recommender engine. The results also revealed that the relationship 
between satisfaction and customer loyalty is not affected by the 
moderating role of the customer’s online experience. Although we based 
our model on the same theoretical model of cognition-affect-behavior, 
our model integrates factors of (1) website quality and (2) recommen-
dation agent quality in a more detailed manner, in an attempt to analyze 
and determine the specific factors that have significant impacts on 
customer loyalty towards the recommendation agent. Our model also 
considers trust as in important antecedent factor that promotes user 
loyalty towards the recommendation agent. 

Trust is a significant factor that helps users to overcome the 
perceived risks related to the adoption of e-commerce systems, and in-
fluences customer behavior [119]. The element of trust has a compelling 
direct impact on the use of a certain technology [42]. Trust is considered 
as a base for building and retaining a longstanding relationship with a 
system [21,43]. The positive tie between trust and loyalty has been 
affirmed in previous literature [28]. The phenomenon of trust has been 
thoroughly researched in studies related to the acceptance of e-com-
merce systems, and in recommender system studies that adopt 
system-centric and user-centric evaluation approaches [8,10,44]. Users 
must trust the accuracy of the recommendations provided by the system 

R. Ali Abumalloh et al.                                                                                                                                                                                                                        



Technology in Society 61 (2020) 101253

3

[45]. In the context of recommendation engines, it is more likely that 
users who trust the recommender system will buy the products from the 
online market site [46]. Consumers must feel that the recommender 
system will produce convenient recommendations that will help them to 
reach better decisions and find better products matching their interests. 
Many and different elements can contribute to stable trust building to-
wards recommendation engines [47]. During the research on the liter-
ature, we noticed that earlier research studies had concentrated on 
interpreting individual drivers of trust establishment in recommender 
systems [8,10]. Nilashi et al. [10] explored the factors that promote user 
trust towards the recommender system in two commercial websites: 
Amazon and Lazada. This work defers to their work focusing on 
long-term behavior, which can be investigated through an extensive 
model of loyalty formation factors. In our research, we aim to investigate 
users’ trust in the recommender system as a mediating factor that can 
improve customer loyalty towards the recommender system. 

Pu et al. [8] presented a balanced measurement framework for 
evaluating a recommendation system, which they referred to as ResQue 
(recommender system’s quality of user experience). In the proposed 
framework, they assessed both the users’ attitudes towards the recom-
mendation agent, and the influences of users’ attitudes towards users’ 
behavioral intentions. Their work resembles the work of Nilashi et al. 
[10]; which focused on behavioral intentions towards a system by 
measuring users’ purchase intentions. However, their work did not 
consider the quality of the website hosting the recommender system as 
an indicator of user attitudes and behavioral intentions. 

Knijnenburg et al. [15] presented a study that adopted an evaluation 
framework for recommendation systems. The framework went beyond 
analyzing the accuracy of the generated algorithm, to a deep inspection 
of objective and subjective measures regarding the quality of recom-
mender systems, based on a user-oriented evaluation. The comprehen-
sive work presented in their study links objective system aspects to 
objective user behavior through perceptual subjective system aspects. 
Thus, the study adopted an abstract approach, in which they focused on 
general concepts within users’ experiences, without focusing on 
lower-level concepts. The objective aspects of the system entailed 
recommendation agent features that could affect users’ experiences with 
the system, such as the underlying algorithm, interface and interaction 
design, and presentation of the generated recommendations. Users’ 
perceptions of the objective quality criteria were captured through 
subjective measures. The authors conducted two controlled experiments 
and four field trials to assess the validity of the proposed framework. The 
study indicated the importance of subjective system aspects and expe-
rience variables in characterizing and understanding users’ experiences 
with recommendation agents. Their framework builds a robust platform 
for the evaluation of user experiences with recommendation agents. 
However, the definition of lower-level constructs, along with the use of a 
robust tool for measuring these constructs, must be employed to answer 
more specific research questions. We will address these in our research. 

3. Theoretical background 

Loyalty (or repurchase intention) has been investigated, measured, 
and conceptualized, by using different theoretical models to examine 
users’ behavioral and attitudinal experiences with a system under study. 
Drawing from Oliver’s [48] research, long-term adoption of a system can 
be represented by four stages of loyalty formation, and can be measured 
implicitly or explicitly. Whereas explicit loyalty relates to users’ actual 
overt behaviors, implicit loyalty is developed through users’ internal 
decision-making processes [43]. However, researchers have argued that 
relying on behavioral measures from consumers’ previous purchase 
patterns is insufficient [27]. Hence, researchers have begun to concen-
trate on attitudinal aspects of loyalty to express users’ long-term 
intentions. 

Most previous studies have conceptualized loyalty in utilitarian 
contexts [49,50] by using traditional models of users’ adoption, such as 

the technology acceptance model (TAM) and the unified theory of 
acceptance and use of technology (UTAUT) [51]. Although many the-
ories are available and used to explain the adoption of information 
technologies in information system research, the existing theories, as 
summarized in Venkatesh et al. [52]; are mainly directed towards a 
cognitive orientation. The TAM model highlights that the intention to 
adopt an information technology (IT) is influenced by the perceived 
usefulness and perceived ease of-use of the IT [53], whereas the UTAUT 
theory posits that the intention to accept and use an IT is affected by four 
main constructs: performance expectancy, social influence, effort ex-
pectancy, and facilitating conditions [52]. In traditional IT adoption 
studies, the users are mostly employees of an organization, who use 
traditional IT to achieve specific tasks related to their jobs [51]. The 
adoption of an IT in these contexts is dominated by cognitive factors 
[51]. However, as the recommender system works as a personalized 
advice-giving embedded tool within a hosting website, it requires a 
comprehensive effort to understand users’ acceptance and adaptation 
intentions in a long-term scenario. The recommendation agent’s adop-
tion might encompass both cognitive and affective decisions, as 
recommendation agents’ users are often considered as general IT users 
or customers. Generally, e-commerce customers choose products that 
they cannot experience before the actual purchase process, which re-
duces the domination of cognitive perspectives in the context of un-
certainties regarding the product or the seller. Thus, this study focuses 
on the long-term adoption of recommender systems, with the advent of 
both rational and emotional perspectives. In that regard, the user 
experience with a recommender system entails both cognitive and af-
fective dimensions. This study follows and extends this line of research 
by delineating the cognitive and emotional perspectives, and by inves-
tigating their respective roles in the long-term adoption of a recom-
mendation agent. 

In this research, the recommender engine is considered as a decision 
support tool for aiding a user in his/her decision, and as an information 
system that the customer uses to achieve a specific task. Hence, we are 
focusing on the impacts of the recommender system on user decisions, as 
represented by the attitudinal behavior and user perception towards 
different quality factors related to the recommendation agent. Several 
theories have been adopted to justify the proposed hypotheses, and will 
be elaborated on in detail in the following subsections. 

To understand the current position of loyalty research in an online 
market context, we conducted a survey of previous studies in the elec-
tronic commerce loyalty context, as presented in Table A1 (see the 
Appendix). As seen from the table, several theories have been used as 
theoretical backgrounds to explain loyalty formation in e-commerce and 
m-commerce studies. The cognition-affective-behavior model was 
adopted in six studies [11,26,30,54,55]. Looking at the direct anteced-
ents of loyalty in the investigated studies, we notice that satisfaction is 
regarded as a direct driver of loyalty formation in 30 studies, whereas 
trust is considered as a direct factor for promoting consumer loyalty in 
18 studies. 

3.1. Cognition-affect-behavioral model 

We drew the theoretical research background from attitude theories 
by Eagly and Chaiken [56] and Bagozzi [57] and Lazarus [58]. Eagly 
and Chaiken [56] presented the attitude formation theory, in which user 
attitudes are formed mainly based on three dimensions: cognitive, af-
fective, and behavioral. Bagozzi [57] reformulated the attitude-behavior 
relationship by using the intermediation of emotional reactions between 
cognitive appraisals and coping responses. Lazarus [58] indicated the 
impacts of appraisals of internal and situational conditions on emotional 
responses, which in turn influence coping activities. 

By adopting the cognition-affect-behavior model, we organized the 
proposed research model based on three phases. First, the information 
that users obtain regarding the attitude object forms the cognitive fac-
tors, and formulates users’ beliefs. Hence, when a user interacts with the 
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system, cognitive factors are formed to create beliefs. Second, the 
experience with the system generates emotional preferences for framing 
the affective component. The model implies the intermediation of 
emotional factors between users’ beliefs and behaviors. The emotional 
factors can be represented by positive or negative judgments regarding 
the attitude object, to thereby frame the affective reaction [59]. Third, 
behavioral factors are connected to individuals’ behaviors in relation to 
the attitude object. 

In the hypothesized model, the quality of an online market will cause 
a sense or perception that can prompt positive emotions in users, which 
are represented by customer satisfaction. Customer satisfaction is an 
affective variable. The quality attributes of the online recommendation 
engine can trigger an affective trust towards the system. The website 
quality, recommendation quality, and transparency are regarded as 
cognitive variables. The behavioral intention to continue a relationship 
with the system, as represented by loyalty, is provoked by users’ feelings 
of trust and satisfaction. In our research, customer loyalty is a behavioral 
variable, and is represented by a repurchase intention. Customer loyalty 
is a tendency to act positively towards a service provider. By applying 
this framework to e-commerce recommendation sites, we can determine 
the intermediating effects of the hedonic dimensions of satisfaction and 
trust on customer loyalty. Thus, the conceptual framework provides a 
basis for hypothesizing that the customer satisfaction intermediates the 
effects of the quality of the website hosting the recommender engine on 
customer loyalty, and customer trust mediates the effects of the rec-
ommendations’ quality and transparency on customer loyalty. Table 1 
presents some cognition, affective, and behavior dimensions from pre-
vious literature. 

3.2. Theory of human information processing 

This theory describes humans’ limited capacity to process informa-
tion. In this regard, the huge development of e-commerce has provided 
users with a wide variety of choices and a massive volume of informa-
tion. This can give users more alternatives to analyze, to thereby gain 
more insights regarding the right products to buy. Although the advance 
of e-commerce has benefits (both actual and anticipated), the massive 
amount of information can cause the information overload problem, and 
challenge human cognitive abilities. New techniques are required to 
analyze these amounts of information, such as recommender systems 
and information filtering systems [11]. Recommender agents can help 
users overcome the information overload problem in two ways: first, by 

helping users in their decision-making process, specifically when the 
decision must be made within a short time; and second, by helping users 
to evaluate the overwhelming number of different choices. The recom-
mendations provided to users can increase users’ capacities in process-
ing data for decision-making, and can aid users in their purchase 
decisions. Hence, it would be compelling to analyze the impacts of 
recommendation engines on users’ repurchase behaviors. 

3.3. Theory of interpersonal similarity 

In the interpersonal similarity theory, a similarity between different 
parties infers a perception of social closeness between the parties [11, 
63]. Accordingly, the degree of attraction between two parties depends 
on the degree of similarities between the parties, in different aspects 
such as behavior, attitude, background, and personality [64]. In the 
previous literature, attraction is developed based on higher levels of 
similarity between individuals, and the interpersonal similarity affects 
the processing of information regarding other individuals, by providing 
a sense of closeness between similar users [65]. As highlighted by 
Mcknight et al. [66]; individuals apply a type of cognitive classification 
process, in the form of unit grouping, to develop trust. Hence, in 
collaborative filtering recommender systems, the set of recommended 
items is generated based on the similarities between users in tastes and 
preferences [7]. Applying a collaborative filtering approach to generate 
recommendations that match users’ interests to other users with similar 
tastes can increase trust. The interpersonal similarity theory implies that 
quality recommendations lead to customer trust of the recommendation 
engine. 

3.4. Theories of trust formation 

An effective recommender system must gain the confidence of its 
customers regarding the products they recommend, and regarding the 
recommendation approach used to generate the recommendations [64]. 
Hence, the trust phenomenon is considered as a major issue in several 
studies in the e� commerce context generally [67], and in the recom-
mendation agent context specifically [10,64]. Trust formation theories 
were scrutinized deeply in previous research, and this research high-
lighted several dimensions of trust [64]. Customers and recommender 
systems build a long-lasting relationship of trust over time [68]. Trust is 
formulated when the user uses the system and acquires knowledge 
regarding the system over time [66]. Knowledge-based trust is formed 

Table 1 
Cognition, affective and behavior in previous literature.  

Reference Context Cognitive Affect Behavior 

Yoon et al. [11] Recommender system  � Recommendations’ quality  � Satisfaction  � Loyalty 
Lam et al. [55] B2B  � Customer value  � Satisfaction  � Loyalty 
Taylor et al. [60] Pop-up restaurants  � Perceptions of experiential value  � Relationship quality (Trust/Satisfaction)  � Positive WOM  

� Return intention  
� WTP 

Chiou [54] Internet Service Providers  � Attributive service satisfaction  � Overall satisfaction  � Loyalty 
Safa & Solms [26] E-commerce  � Benevolence  

� Enjoyment  
� Clear Shopping process  
� Convenience benefits  
� Security  
� Reliable Payment Systep  

� Trust  
� Satisfaction  

� Loyalty 

Lin & Wang [30] M-commerce  � Perceived value  
� Trust  

� Satisfaction  � Satisfaction 

Chen & Phou [61] Tourism  � Destination Personality  
� Destination Image  

� Trust  
� Satisfaction  
� Attachment  

� Loyalty 

Kwon & Vogt [59] Tourism  � Belief in place marketing  � Satisfaction  � Involvement in Decision Makin  
� Personal Influence 

Thaichon & Quach [62] E-commerce  � Service Quality  � Commitment  
� Trust  
� Value  
� Satisfaction  

� Loyalty  
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when the user can predict and anticipate the outcomes of the recom-
mendation engine [64], and can be represented by the generation of 
accurate recommendations that match user expectations. However, the 
usefulness of the recommendation agent implies the presentation of 
novel recommendations, which can also trigger negative feelings. The 
solution to such a contradiction is to embed the novel and surprising 
item within a list of accurate recommendations [69]. Moreover, the 
agency relationship between the customer and the recommendation 
engine indicates assigning the task of item evaluation and elicitation to 
the recommender system, whereas the user is assigned to the principal’s 
role. The interactive relationship between the recommender system and 
the customer is based on the product evaluation and screening process, 
which is performed by the recommender system to generate suitable 
suggestions for the user. In addition, the provision of an explanation by 
the recommender engine to justify how these recommendations match 
user preferences will enhance user trust with the system [70]. Wang and 
Benbasat [71] inspected the effects of the existence of an explanation 
tool on building trust early with users. After investigating the influence 
of three types of explanations (why, how, and trade-off), the results 
revealed different impacts on each of the trusting beliefs being studied. 

Finally, the trust of recommendations is seen as an antecedent to 
behavioral intentions [8]. Pu and Chen [68] linked trust with customers’ 
positive intentions to purchase, transact, and repurchase from the 
hosting online store. Hence, the relationship between trust and loyalty, 
which we adopted in the conceptual model, can be inferred from the 

strong theoretical background in the literature. 

3.5. WebQual model 

As an entrenched tool in most online markets, recommendation en-
gines communicate with users through the recommender hosting web-
site [10,72]. Hence, the quality attributes of the hosting site will 
influence users’ overall satisfaction, which will consequentially increase 
the probability of customers’ repurchase behaviors. Website quality 
attributes have been discussed widely in the literature, in terms of the 
quality of the information provided to users, the interaction process with 
users, and the usability of the website [73,74]). These attributes have 
been linked in the previous literature to higher levels of user satisfaction 
[73–76]. Website interface quality has been demonstrated as a prereq-
uisite for e-vendor success. The development of a physiological effects 
chain has been investigated extensively in the literature, from perceived 
quality to loyalty [33,77,78]. Consequentially, a three-phase chain, 
starting from quality attributes with the mediation of satisfaction to a 
permanent commitment towards the system, has been presented, 
reviewed, and evaluated in many previous studies. It has been proven 
theoretically that a perception of high quality leads to long-lasting 
loyalty, which in turn drives longstanding financial benefits. Hence, 
investments in website quality were linked to increasing customer loy-
alty, driving the long-term corporate profitability. However, little 
research has been conducted to examine the effects of website quality 
attributes on satisfaction, and in turn on users’ continuous intentions in 
the context of recommendation engines. Thus, considering website 
quality as a benchmark for a service supplier [79] and developing an 
appropriate research model that integrates quality factors in a research 
context will help in understanding users’ perceptions of the quality 
factors of the recommendation host site, and the impacts of these factors 
on satisfaction and loyalty. 

The WebQual model was developed in 2000 as WebQual 1.0. It was 
the first instrument of WebQual, which was deployed for measuring the 
quality of a business school website. A refinement of WebQual 1.0 
containing 24 questions was released after the analysis of pilot study 

Fig. 1. Loyalty model for E-commerce recommender systems.  

Table 2 
Demographic results of the participants.   

Item Frequency Percent 

Gender Female 300 100% 
Age <20 60 20 

20–30 240 80 
Experience with Amazon in the last six 

months. 
Once 82 27.3 
1-3 Times 95 31.7 
More than 3 
times 

123 41  
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results. The final version of WebQual 1.0 reflected aspects for measuring 
subjective qualities, i.e., experience, information, communication and 
integration, ease of use, experience, and information. However, one 
drawback of WebQual 1.0 is its limitations in measuring the interaction 
dimensions of each quality, especially in an e-commerce context [80]. 
Continuing this line of research, WebQual 1.0 was enhanced and refined 
by analyzing and reviewing previous works on service quality. WebQual 
2.0 was developed after a comparison with “SERVQUAL”, which led to 
adopting significant questions and deleting redundant questions to 
thereby generate a 24-question instrument. However, although WebQ-
ual 2.0 is considered a strong instrument for measuring the quality of a 
service interaction, the quality of the information has lost the richness 
that had been presented in WebQual 1.0. To resolve this drawback, 
WebQual 3.0 was developed and tested in the online auctions field, and 
contained three aspects for measuring website quality: service interac-
tion quality, information quality, and site quality. Still, to focus on users’ 
perceptions of website quality rather than designers’ aspects, WebQual 
4.0 was developed, and contains usability as a replacement for site 
quality [80]. 

Choosing a suitable method for measuring website quality has been 
studied by researchers in the fields of marketing and information sys-
tems. The WebQual model [80] measures user perceptions of online 
merchant quality numerically, using a powerful questionnaire tool [10]. 
WebQual was developed using an iterative approach to data collection 
and analysis [80]. As our research is an attempt to capture quality as-
pects from the “voice of the customer” using subjective measures, it is 
appropriate to use the WebQual model in this study. Moreover, as our 
research is based on user-oriented evaluations, we adopted WebQual 
4.0, as it contains the usability dimension. 

4. Research model and hypotheses 

The objective of this research concerns analyzing the concepts of 
website quality, recommendation quality, recommender system trans-
parency, satisfaction, trust, and consumer loyalty in online recom-
mender merchant settings. Thus, different hypotheses have been 
proposed, as derived from the strong theoretical background and liter-
ature. The interrelationships between the underlying constructs have 
been integrated in the conceptual model for further testing. The medi-
ating effect of consumer satisfaction on website quality and loyalty and 
the mediating role of trust on the impact of recommendation quality in 
regard to consumer loyalty have both been carefully examined. The 
research model is presented in Fig. 1. 

4.1. Website quality and customer satisfaction: hypotheses (1–4) 

The website quality attributes investigated in this research are 
derived from the WebQual 4.0 model, in which usability, service 
interaction quality, and information quality constitute the overall 
website quality. In that regard, the online website hosting the recom-
mendation engine is the only interaction panel that connects customers 

to the system [72]. Following this stream of research, an e-commerce 
customer’s level of satisfaction will depend on the attributes of the 
hosting website. Our assumption in this research relies on these website 
attributes to judge website quality. Website quality attributes have a 
direct and positive influence on user satisfaction [75]. As the recom-
mender system is typically a component of the website, we can conclude 
that such online quality attributes might also indicate to what extent 
consumers are satisfied with the embedded recommender engine. 

The WebQual 4.0 model considers that the dimensions of WebQual 
4.0 will affect the online site quality. Hence, depending on this 
assumption as confirmed in the literature, we present the first three 
research hypotheses regarding website quality. These three hypotheses 
have been previously adopted by various authors [10,81]. Website 
quality aspects have an impact on consumers satisfaction, which was 
established in the early literature [74–76]. Based on this, Hypothesis 4 is 
offered, i.e., that the quality of the website hosting the recommender 
system has a positive effect on user satisfaction with the recommenda-
tion agent. To summarize: 

� Hypothesis 1 (Usability→Website Quality). The usability of the web-
site hosting the recommender system will positively affect the 
perceived website quality.  
� Hypothesis 2 (Information Quality →Website QualityÞ. The quality of 

the information in the website hosting the recommender system will 
positively affect the perceived website quality.  
� Hypothesis 3 (Service Interaction→Website Quality). The quality of the 

service interaction of the website hosting the recommender system 
will positively affect the perceived website quality.  
� Hypothesis 4 (Website quality →SatisfactionÞ:The perceived quality of 

the website hosting the recommender system will positively affect 
consumer satisfaction. 

4.2. Recommendation quality and trust: hypotheses (5–8) 

A key prerequisite of a user’s positive experience with the recom-
mendation engine is the quality of the generated recommendations. 
Previous research on recommendation engines concentrated on 
measuring recommendation quality, using the accuracy of rating pre-
dictions [82]. Although the mean absolute error can assess the degree to 
which the predicted ratings match the actual ratings, error measures 
alone cannot evaluate the extent to which the generated recommenda-
tions are valuable to users and match their needs and requirements. 
Therefore, it is important to test the perceived quality attributes 
empirically, by applying user-oriented studies that move beyond the 
accuracy of predictions, and focus on measuring users’ experiences with 
the recommendation engines [11]. Following the previous literature in 
determining the possible factors that constitute the overall perceived 
quality of recommendations, several factors have been identified as 
quality factors for recommendation agents, such as novelty, diversity, 
and serendipity [8]. Accuracy, novelty, and diversity can affect user 
perceptions of the quality of the recommender system. Some authors 

Table 3 
Constructs reliability and validity after deleting the indicators with lower outer loadings for the main study.   

Cronbach’s Alpha Composite Reliability Average Variance Extracted (AVE) 

ACU 0.855 0.912 0.775 
DIV 0.729 0.847 0.648 
EXP 0.727 0.844 0.644 
LO 0.874 0.922 0.799 
NOV 0.783 0.874 0.698 
RQ 0.848 0.887 0.568 
SATIS 0.884 0.912 0.635 
SERV 0.907 0.927 0.647 
TRANS 0.768 0.865 0.681 
TRUST 0.93 0.947 0.782 
USAB 0.909 0.927 0.613 
WEBQ 0.834 0.9 0.751  
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have argued that not all of these factors have a positive effect on cus-
tomers’ perceptions of recommender system quality. Knijnenburg et al. 
[15] hypothesized that the perceived accuracy of a recommender system 
influences the user experience. Novel items involve items that trigger 
user interest, educate the user, and enable him/her to discover new 
items [8]. There is a conflict between novel and serendipitous items. 
However, Herlocker et al. [7] argued that novelty is a different concept 
than serendipity, as novelty is only limited to newly generated items. In 
contrast, serendipitous items move beyond new items, to cover sur-
prising items. However, in user-oriented studies, the fuzzy difference 
between these two concepts can mislead the user. Hence, we adopted 
novelty as a quality factor in our proposed model. Jannach et al. [83] 
implied that user perceptions of recommendation quality can be nega-
tively affected by novel recommendations. Nilashi et al. [10] argued that 
the impact of these factors on the perceived quality of the recommender 
system depends on the domain and on the purpose of the recommender 
system. They suggested that in the e-commerce context, novelty has a 
strong positive effect on the perceived quality of recommendations (in 
contrast to the context of, e.g., movies). The recommender system 
quality refers to the capability of the recommender system to provide 
recommendations that match users’ interests. The recommender system 
quality is often considered as an essential factor for the formation of 
trust in a recommender system [10]. The quality of recommendation 
engines depends on several factors such as diversity, novelty, and ac-
curacy, which will consequentially affect the online users’ trust and 
continuous intentions to adopt the recommendations [10]. Hence, the 
proposed hypotheses are listed as follows:  

� Hypothesis 5 (Recommendations’ Accuracy →Recomendations’ 
QualityÞ

The accuracy of the generated recommendations will positively 
affect the perceived quality of the recommendation agent.  

� Hypothesis 
6 ðRecommendations’ Novelty →Recommendations’ QualityÞ

The novelty of the generated recommendations will positively affect 
perceived quality of the recommendation agent.  

� Hypothesis 7 ðRecommendations’ Diversity →Recommendations’ 
QualityÞ

Diversity in the generated recommendations will positively affect 
perceived quality of the recommendation agents.  

� Hypothesis 8 ðRecommendations’ Quality →Trust in Recommender 
SystemÞ

The perceived quality of the generated recommendations will posi-
tively affect consumer trust in the recommendation agent. 

4.4. Satisfaction, trust, and loyalty: hypotheses (12, 13) 

User satisfaction is often considered as a pass-key for the continuing 
online market achievements, and as an antecedent to loyalty formation 
[28,88,89]. User satisfaction is an important factor for measuring the 
quality of information system implementation [74]. It was recognized in 
the early literature that satisfaction is important to relationship conti-
nuity [26]. 

In e-commerce, the seller task is delegated to online merchants, and 
the user relies on the merchant to proceed to the purchase decision. 
Hence, the recommendation engine extends the seller figure in an arti-
ficial manner, by suggesting items to consumers and persuading them to 
purchase online [90]. Furthermore, recommendation engines are 
employed as trust objects that can guarantee good consumer services to 

users, to thereby gain their endorsement and commitment [10,64]. This 
implies that high-quality recommendations will promote user trust. 
Furthermore, the positive relationship of trust to loyalty has been 
confirmed in the literature [28]. Users who trust the recommender 
system are more likely to buy products from e-commerce websites, and 
to adopt recommendation agents in the long-term [46]. Hence, the next 
hypotheses are listed as follows:  

� Hypothesis 12 ðSatisfaction →LoyaltyÞ

Satisfaction has a positive effect on loyalty towards the recommen-
dation agent.  

� Hypothesis 13 ðTrust →LoyaltyÞ

Trust has a positive effect on loyalty towards the recommendation 
agent. 

5. Survey design and pilot study 

4.3. Explanation, transparency, and trust: hypotheses (9–11) 

In regards to evaluating recommender systems from user perspec-
tives, the transparency of the system is very important, as it allows users 
to feel more confident in the system and accept it [84]. In addition to the 
quality of the recommendations, transparency has a direct and positive 
impact on trust-building towards the recommendation agent [10,22,85, 
86]. Transparency refers to the capability of recommender systems to 
convey information to the customer, by providing explanations to the 
customer regarding why items were recommended. Explanations are of 
great importance to recommender systems, and increase the trans-
parency of the recommender system by showing how recommendations 
are suggested to customers [87]. Several studies have explored the in-
fluence of the presentation of explanations as a mechanism for trust 
promotion [68,70]. Users dislike blind recommendations, and they 
search for justifications regarding the recommended items [84]. The 
next hypotheses are summarized as follows:  

� Hypothesis 9 ðExlanation →Recommender System TransprrancyÞ

Explanation facilities in the recommendation agent will positively 
affect the perceived transparency of the recommendation process.  

� Hypothesis 10 ðRecommender System Transperancy →Trust in the 
Recommender SystemÞ

Transparency in the recommendation agent will positively affect 
consumer trust in the recommendations made by the agent. 

5.1. Survey design 

Based on a deep review of the literature, the questionnaire survey 
was refined to gather the information needed to prepare for the quan-
titative research. The quantitative research comprises analyzing the 
developed hypotheses, and empirically validating the final model for 
adoption. The design and deployment of the questionnaire are very 
important steps, and involve deep research to ensure that the research 
methodology is acceptable. The questionnaire of this study is written in 
the English language. The respondents in this study are Arabic-native 
speakers. As college students who study their courses in the English 
language, the majority of the respondents have the basic English abilities 
required to understand and answer the questionnaire. 

During the design of the questionnaire, two important aspects must 
be considered. First, the research objectives must be reflected carefully, 
and second, the characteristics of the audience must be well-identified 
[91]. To achieve an insightful conclusion, the questions of the survey 
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must carefully follow the research objectives. Furthermore, the target 
audience must be considered during the questionnaire writing process, 
to aid the researcher in developing a questionnaire with understandable 
items [91]. The main objective of the questionnaire survey is to identify 
the constructs that have an important role in loyalty formation for 
e-commerce websites, through recommender systems. The relationships 
among the research constructs were tested according to the proposed 
model, to validate them in parallel with the main objective of the study. 
To study the effectiveness of the research constructs in the context of 
loyalty formation for online recommendation sites, the survey was 
designed based on the literature. 

In this regard, the statements of the questionnaire were chosen from 
original references used and applied in various research papers [10,11]. 
Choosing previously applied statements will increase the question-
naires’ validity and reliability. The designed questions might follow a 
structured form, or a close-ended form with ordered choices to allow the 
respondents to easily choose answers from among a set of choices. The 
survey of this study contains five main sections. Before the respondent 
answers the survey, he/she must fill out some basic/background infor-
mation to help the researcher investigate the differences among re-
spondents. Ordinal response scales, i.e., “Likert Scales”, are used in the 
survey to represent the degree or intensity of belief or feeling, such as 
poor, fair, neutral, good, and very good. The ranges for the Likert scale 
vary from: 0–4, 1–7, and 1–9 [91]. The attitudes of the respondents in 
our study are captured through a 5-point Likert scale by answering the 
survey questions. A 1–5 Likert scale is used, as follows: 1 for strongly 
disagree, 2 for disagree, 3 for neutral, 4 for agree, and 5 for strongly 
agree. The items of the questionnaire are presented in Table A2 (see the 
Appendix). 

5.2. Pilot study 

To confirm the reliability and validity of the designed instrument and 
research procedure, a pilot study was conducted before finalizing the 
designed instrument and using it in the main study. The pilot study 
followed the content validity to test questionnaire items with partici-
pants who represent the targeted audience, and to catch any potential 
problems or misunderstanding of questionnaire items in the research 
design or in the execution of the deployed instrument. This was con-
ducted by analyzing and evaluating the results before completing the 
full study, which might be costly and time-consuming. A pilot study can 
also work as a training survey, in which beginner evaluators can practice 
collecting and analyzing data to avoid any unforeseen mistakes in the 
final study. A pilot study can also be used to check that the research 
protocol, research design, and questionnaire items are aligned with the 
main goal of the study, and can help in answering research questions. 

The data collection was conducted within Imam Abdulrahman Bin 
Faisal University. At the beginning of the study, a pilot study among 64 
participants was conducted in the university within two weeks. The 
main task for the users was to go to Amazon.com, inspect and choose an 
outfit of four pieces, and put it in the shopping cart. Hence, by asking 
respondents to choose four pieces, respondents were given a chance to 
interact with the system, and to check the generated recommendations. 

The survey enabled participants to add comments regarding the 
clarity of survey questions. Some of the participants indicated a 
perceived similarity among some of survey questions in the same 
construct. Hence, the survey questions were reviewed, and some of the 
questions were replaced. Following the data collection process, the 
SmartPLS software package was used to analyze the measurement model 
in the study. Based on the results of the analysis and on the comments 
received from respondents, minor changes were made to the question-
naire items to make them clearer to participants in the main study. 

6. Empirical results 

6.1. Data collection 

Determining the appropriate population of interest before data 
collection is a very important step for the development and success of 
the research. Based on the context of our study, i.e., e-commerce 
generally and recommendation engines specifically, a search was con-
ducted for similar studies based on user-aligned evaluations. Notably, 
college students were used as a research sample in several studies [10, 
65,92]. Students were used as a sample in studies in the e-commerce 
context generally [28,93–96], and in the specific context of e-commerce 
recommender systems [10,97,98]; Zhang et al., 2011; [92]. As a large 
portion of internet users in general and those participating in e-com-
merce activities specifically (and represented by the term “Net Gener-
ation” [92]), college students were chosen as the sample population in 
our research. College students are commonly used for large scale 
internet surveys. as they are computer and internet users [99]. Ac-
cording to Wen et al. Wen et al. [96]; students are considered as a vast 
group of web users. This allows college students to perfectly resemble a 
population of e-commerce customers [99]. Students can also represent 
online consumers, as online consumers are more educated and younger 
than traditional consumers. Further reasons for choosing students 
include their understanding of e-services, their familiarity with elec-
tronic media, and their usage of e-services for communication and 
commercial transactions [100]. In view of the above, college students 
are representative of the population. The study was conducted with the 
participation of 300 female students from Imam Abdulrahman Bin Faisal 
University. The participants of the study were students from computer 
and business departments. Most of the students were between 20 and 30 
years old, and had used the website more than three times in the last six 
months before the data collection. Table 2 illustrates the demographic 
information of the respondents. 

6.2. Data analysis 

The relationships between constructs were analyzed using partial 
least squares and structural equation modeling (SEM) [117]. Using SEM 
to assess the relationships among the independent variables and 
dependent variables in research models has been recognized in the 
research community for quantitative research. SEM incorporates the 
benefits of factor analysis, path analysis and multiple regression anal-
ysis, and establishes a robust methodology to evaluate the relations 
between constructs. All of the above encouraged us to use SmartPLS 
(www.SmartPLS.com) for analyzing the results of the survey. The out-
comes of the different tests of the inner and outer models will be re-
ported in detail below. 

6.2.1. Assessment of the measurement model 
To evaluate the quality of the outcomes of the analysis phase, several 

evaluation criteria must be addressed in different applicable tests in the 
research measurement model. Assessing the measurement model im-
plies a distinction between the evaluation approaches for reflective and 
formative constructs, which must be applied and reported in detail. The 
assessment of the reflective constructs includes three main tests, 
regarding the convergent validity, internal consistency, and discrimi-
nant validity. The first measurement of the quality of the convergent 
validity is the outer loading of each indicator, with a minimum threshold 
of 0.7 [101,102]. The outer loadings of the constructs’ associated in-
dicators to most of the research factors are higher than 0.708. According 
to Hair et al. [101]; indicators with outer loadings less than 0.4 must be 
removed. Following this rule, we deleted all indicators with outer 
loadings less than 0.4, which unsurprisingly represented two 
reverse-scale questions, S6 and S8. Another measure of the convergent 
validity is the average variance, which we extracted to test and confirm 
the positive correlation between indicators in the same construct, and to 
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confirm that each construct met the minimum threshold of 0.5 [101, 
103]. To check if the internal consistency test provides reliable results, 
we check each of the Cronbach’s Alpha and composite reliability 
criteria; both must meet a minimum threshold of 0.7 [101]. After de-
leting the indicators with outer loadings less than 0.4, the results of the 
measurements of Cronbach’s Alpha, composite reliability, and average 
variance met the required minimum threshold for the constructs’ reli-
ability and validity, as presented in Table 3. The final test of the 
reflective measurement model is the discriminant validity test, which 
entails two main tests with respect to cross loadings and the 
Fornell-Larcker criterion. Discriminant validity measures the extent to 
which a construct is truly distinct from other constructs. The 
Fornell-Larcker criterion is presented in Table 4, whereas cross loading 
is presented in Table A3 (see the Appendix). The result of the 
Fornell-Larcker criterion test indicates that the correlations between the 
construct and other constructs are less than the square root of the 
average of that construct. In the cross-loading test, the outer loadings of 
the indicators of each construct are higher than their cross loadings, 
which is confirmed in the results. 

In the research model, we have only one formative contrast (infor-
mation quality). For testing the formative construct, we conducted tests 
on collinearity statistics, and the significance of path coefficients. The 
acceptable value of the variance inflation factor (VIF) should be below 5 
[101], which is fulfilled for each indicator in the formative construct. 
The results of the collinearity statistics are presented in Table 5. The 
path coefficients’ significance is measured using a bootstrapping algo-
rithm, as presented in Table 6. As we can see from the results, only two 
indicators achieved the minimum threshold t-value of 1.96 (WQI3, 
WQI7). Following Hair et al. [101]; we check the outer loadings of each 
indicator that fails to achieve the minimum threshold. All indicators 
have outer loading values greater than the minimum threshold (0.5) 
[101], so we retained the indicators for subsequent analysis. 

6.2.2. Assessment of the structural model 
The assessment of the structural model follows confirmation of the 

validity and reliability checks of the model constructs. The relationships 
between constructs are presented in the structural model, and are 
evaluated through four main tests: path coefficient, coefficients of 
determination, effect size, and Stone-Geisser’s Q2 value. In the next 
subsections, we report the results of different tests regarding the struc-
tural model. The final structural model is presented in Fig. 2. 

6.2.2.1. Path coefficient (hypotheses testing). Following the confirmation 
of the validity and reliability of the measurement model, we need to 
validate the structural model. To test the significance and relevance of 
the coefficients, we applied a bootstrapping routine and examined the t- 
values and p-values (Hair et al., 2015). P-values are used to measure the 
strength of relationships between variables, whereas t-values are used to 
test the significance of coefficients. The hypotheses’ testing results are 
presented in Table 7. As can be seen, most of the hypotheses are 

supported, except for H2 (information quality does not have a significant 
effect on website quality). However, the main coefficients in the 
research model proved to be significant (p < 0.01). Website quality has a 
direct effect on customer satisfaction (p < 0.01). Satisfaction, in turn, 
significantly affects loyalty (p < 0.01). The quality and transparency of 
recommendations significantly affects the trust towards the recom-
mender system (p < 0.01), and trust has a compelling effect on loyalty 
towards the recommendation engine (p < 0.01). 

6.2.2.2. Coefficients of determination (R2 value). The predictive power 
of the model is tested using coefficients of determination. This test uses 
the percentage of variance in an endogenous construct, which can be 
demonstrated using its exogenous variables (Hair et al., 2015). The R2 

values for endogenous constructs range from 0 to 1, with higher 
numbers indicating stronger predictive accuracy (Hair et al., 2015). The 
results of the coefficients of determination test are presented in Table 8. 
As we can see, the values of R2 range between 0.339 and 0.673. As our 
research is considered a consumer-oriented research aiming to explain 
consumer satisfaction and loyalty, a value of 0.2 for R2 is considered 
high (Hair et al., 2015). 

6.2.2.3. Effect size (f2 value). The effect size test tests one exogenous 
construct, in terms of the strength of its contribution to explaining a 
certain endogenous construct using the value of R2. Cohen [104] sug-
gested that if f2 ranges between 0.02 and 0.15 the effect is small, 
whereas the effect is medium if it falls within the interval of 0.15–0.35. 
Lastly, if the f2 value is greater than 0.35, the effect is large. Table 9 
shows the effect sizes. As presented in the table, trust has a large effect 
on loyalty towards the recommender system. Satisfaction has a small 
effect on loyalty. Website quality has a large effect on satisfaction. 
Recommendation quality has a medium effect on trust. Transparency 
has a small effect on trust. Information quality has no effect on website 
quality. Service quality has a small effect on website quality, and us-
ability a has medium effect on website quality. Looking at the quality 
factors for recommender systems, novelty has small impact on recom-
mendation quality, whereas accuracy has a medium effect on recom-
mendation quality. Surprisingly, diversity has a small effect on 
recommendation quality. 

Table 4 
Fornell-Larcker criterion.   

ACU DIV EXP LO NOV RQ SATIS SERV TRANS TRUST USAB WEBQ 

ACU 0.88            
DIV 0.63 0.805           
EXP 0.359 0.336 0.803          
LO 0.533 0.415 0.429 0.894         
NOV 0.437 0.344 0.55 0.454 0.836        
RQ 0.612 0.482 0.459 0.497 0.511 0.753       
SATIS 0.601 0.459 0.411 0.653 0.429 0.483 0.797      
SERV 0.623 0.462 0.375 0.624 0.463 0.496 0.717 0.804     
TRANS 0.414 0.311 0.623 0.436 0.805 0.379 0.447 0.444 0.825    
TRUST 0.529 0.387 0.422 0.812 0.43 0.521 0.703 0.668 0.437 0.884   
USAB 0.639 0.495 0.444 0.647 0.439 0.505 0.716 0.753 0.441 0.664 0.783  
WEBQ 0.842 0.557 0.358 0.617 0.487 0.539 0.624 0.676 0.467 0.631 0.717 0.866  

Table 5 
Collinearity statistics (VIF) for formative measures of the main study.  

Construct Measurement VIF 

Information Quality WQI-1 1.927 
WQI-2 2.233 
WQI-3 2.765 
WQI-4 2.996 
WQI-5 3.077 
WQI-6 2.966 
WQI-7 2.161  
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6.2.2.4. Stone-Geisser’s Q2 value. The final test we conducted for eval-
uating our structural model concerns the predictive relevance (Q2 

value). For each dependent construct, the predictive relevance of the 
path model can be indicated by Q2 values larger than zero for its 
endogenous reflective constructs. To find the value of Q2, we performed 
a blindfolding procedure. The outcomes are presented in Table 10. As 
shown in the table, all endogenous constructs have Q2 values larger than 
zero. 

6.3. Summary of model fit results 

The summary of the results shows that: 

i. Both trust and satisfaction have positive effects on loyalty to-
wards the recommendation agent, with β values of 0.699 and 
0.161, respectively.  

ii. Recommendation quality and transparency have direct effects on 
trust towards the recommendation agent, with β values of 0.415 
and 0.28, respectively.  

iii. Website quality has a strong effect on user satisfaction, with a β 
value of 0.624. 

iv. Both novelty and accuracy have direct effects on recommenda-
tion quality, with β values of 0.29 and 0.405, respectively.  

v. Both website usability and service interaction have significant 
effects on website quality, with β values of 0.464 and 0.296, 
respectively.  

vi. Diversity has a small effect on recommendation quality, with a β 
value of 0.127.  

vii. Information quality has no effect on website quality. 

7. Conclusion 

7.1. Theoretical contributions 

Studies in various fields have been conducted to consider the factors 
that can infer customer loyalty towards online merchants. As discussed 
previously, several theories were used to structure our loyalty formation 
model. Our model is based on the well-recognized cognition-affect- 
behavior model. The results of the study analysis on the Amazon e- 
commerce website are consistent with preceding studies in the litera-
ture, having shown the structural relationship between website quality 
and user satisfaction, and that between satisfaction and customer loy-
alty. Furthermore, the outcomes of the study indicated the effects of the 
recommendation quality on users’ trust, and the effect of trust on 
customer loyalty towards the recommendation agent. These results were 
compatible with previous literature in this domain. In that regard, Yoon 
et al. [11] confirmed the structural relationship between customer 
satisfaction and loyalty in an e-commerce recommender system context, 
and Nilashi et al. [10] indicated the relationship between recommen-
dation quality and customer trust towards recommendations agents. 

Our research confirms the three-phase model of the quality- 
satisfaction-loyalty chain [48], from users’ perceptions of quality 
before the purchase process, to customers’ loyalty to rational and 
emotional processes. The information system continuity can be deter-
mined by users’ attitudes, which are shaped by both cognitive and af-
fective perspectives. Although previous studies using traditional 

Table 6 
Significance assessment of the formative construct.  

Construct Measurement Significance 

Outer 
Weight 

Outer 
Loadings 

t- 
value>1.96 

P 
Values 

Information 
Quality 

WQI-1 0.182 0.739 1.531 0.126 
WQI-2 0.098 0.758 0.745 0.456 
WQI-3 0.279 0.828 2.401 0.016 
WQI-4 0.114 0.793 0.89 0.373 
WQI-5 0.127 0.8 0.992 0.321 
WQI-6 � 0.091 0.741 0.725 0.468 
WQI-7 0.491 0.888 3.925 0  

Fig. 2. Final loyalty model for E-commerce recommender systems.  
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adoption theories have focused on the cognitive dimension to frame 
users’ attitudes [52,53], most of the studies investigated user behavior 
in organizational settings, without the integration of hedonic di-
mensions [105]. Hence, our research differs in adopting an individual 
setting, where customers are seeking e-commerce recommender sys-
tems’ assistance for their personal needs, and in which both utilitarian 
and hedonic dimensions are important to users’ overall evaluation and 
continuance decisions. 

The impacts of recommendation quality in promoting trust in a 
recommender system had been proven in previous studies [10], as 
asserted by our research. However, different quality factors have 
different (and significant) effects on the quality of the recommendations. 
The results of our study indicate that diversity has small effect size as a 
quality measure for recommendations. This can be explained by a simple 
justification; as users use the e-commerce recommender system to 
overcome the information overload problem and to make a purchase 
decision, diverse items might conflict with this purpose. Female users in 
our study appreciated accurate and surprisingly novel recommendations 
more than diverse recommendations. McGinty and Smyth [106] indi-
cated that the impact of diverse items in increasing recommendation 
efficiency is not guaranteed in each recommendation list. This result 
highlights the need for more research in this area. 

The quality of the website that hosts the recommender system proved 

to positively affect users’ satisfaction towards recommendation agents. 
The constructs that we adopted from WebQual model have different 
effects on the quality of the website. Notably, the quality of the infor-
mation does not have a significant effect on the users’ perceived quality 
of the website. This result agrees with previous research by Nilashi et al. 
[10]; in which website quality factors have different levels of impor-
tance, depending on the domain or on the system under study. Other 
studies have rejected the hypothesis of the impact of the quality of in-
formation on user satisfaction regarding the design of the system [107], 
or have done so owing to the availability of the information outside the 
system [108]. 

7.2. Practical and managerial implications 

This work tries to fill a gap in the research field of recommendation 
engines, and aims to interpret the aspects that promote user loyalty 
towards recommendation agents in e-commerce websites. A deep search 
in the literature motivated us to hypothesize the intermediating effects 
of consumer satisfaction and trust on the perceived system quality and 
consumer loyalty in the recommender system context, which had been 
confirmed in the literature of e-commerce research [39,109,110,118]. In 
the e-commerce marketing context, loyalty is measured by the collection 
of behavioral data. such as the purchase rate and purchase size, with 
regard to the ease of collection of such data [118]. However, this data 
might provide incorrect measurements regarding true loyalty [111]. 
This has encouraged us to explore users’ subjective measures of loyalty 
towards recommendation agents. Following the previous research on 
recommender systems, our model confirmed the effects of trust and 
satisfaction on customer loyalty towards recommender systems. Our 
research also proves that both hedonic and utilitarian beliefs have an 
influence on a user’s continuous intention to use the system. Service 
providers often assume that system quality relies on objective aspects, as 
reflected by explicit measures of the utilitarian dimensions of the system 
[77]. However, users’ subjective perceptions of quality contain 

Table 7 
Hypotheses testing for the Main Study (Path coefficient).  

Hypothesis Relationship β Standard Deviation (STDEV) t-value p-value  

H1 USAB - > WEBQ 0.464 0.09 5.156 0 Supported** 
H2 INFOR - > WEBQ 0.039 0.084 0.467 0.64 Not supported 
H3 SERV - > WEBQ 0.296 0.07 4.228 0 Supported** 
H4 WEBQ - > SATIS 0.624 0.041 15.216 0 Supported** 
H5 ACU - > RQ 0.405 0.065 6.23 0 Supported** 
H6 NOV - > RQ 0.29 0.067 4.357 0 Supported** 
H7 DIV - > RQ 0.127 0.057 2.208 0.027 Supported* 
H8 RQ - > TRUST 0.415 0.055 7.601 0 Supported** 
H9 EXP - > TRANS 0.623 0.041 15.023 0 Supported** 
H10 TRANS - > TRUST 0.28 0.048 5.832 0 Supported** 
H11 SATIS - > LO 0.161 0.052 3.094 0.002 Supported** 
H12 TRUST - > LO 0.699 0.052 13.43 0 Supported** 

Significant at P** ¼< 0.01, P*< 0.05. 

Table 8 
R-squares of dependent variables.  

Dep. Variables Notation R-Square 

Loyalty LO 0.673 
Recommendation Quality RQ 0.457 
Satisfaction SATIS 0.389 
Transparency TRANS 0.388 
Trust TRUST 0.339 
Website Quality WEBQ 0.557  

Table 9 
Effect size (f2).  

Relation Paths Value Effect 

USAB - > WEBQ 0.168 Medium 
INFOR - > WEBQ 0.001 No Effect 
SERV - > WEBQ 0.067 Small 
WEBQ - > SATIS 0.636 Large 
ACU - > RQ 0.166 Medium 
NOV - > RQ 0.124 Small 
DIV - > RQ 0.02 Small 
RQ - > TRUST 0.223 Medium 
EXP - > TRANS 0.634 Large 
TRANS - > TRUST 0.102 Small 
SATIS - > LO 0.04 Small 
TRUST - > LO 0.757 Large  

Table 10 
Construct cross-validated redundancy (Q2).   

SSO SSE Q2 (¼1-SSE/SSO) 

ACU 900 900  
DIV 900 900  
EXP 900 900  
INFOR 2100.00 2100.00  
LO 900 445.726 0.505 
NOV 900 900  
RQ 1800.00 1367.78 0.24 
SATIS 1800.00 1389.31 0.228 
SERV 2100.00 2100.00  
TRANS 900 684.072 0.24 
TRUST 1500.00 1130.21 0.247 
USAB 2400.00 2400.00  
WEBQ 900 546.692 0.393  
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emotional elements that influences their behavior. 
The benefits of utilizing recommendation agents in e-commerce 

websites have been investigated extensively in the literature [8,10,11]. 
Our study investigates the factors that have significant effects on loyalty 
formation towards e-commerce recommender system merchants. The 
results of the study provided substantial additional proof of the potential 
benefits of trust and satisfaction insofar as user loyalty towards recom-
mendations agents, through the definitions and inspection of the 
lower-level constructs, and the use of a suitable instrument to measure 
them. The results of this study illustrated valuable outcomes, which 
indicate that improving consumer satisfaction and trust will improve 
consumer loyalty towards recommendations agents. This will then be 
reflected in merchants’ increased earnings, in a stable manner. Thus, 
this longstanding relationship can be emphasized as an iterative loop 
between the recommender agents and customers, in which the cus-
tomers continue to use the system over time, become more loyal to the 
system, and continue providing their preferences regarding items to the 
system, thereby facilitating a more productive user experience. 

7.3. Limitations and future work 

The results of the study have highlighted some important implica-
tions and future research directions, which can be summarized as 
follows. 

i. There is a need to design experiments for user evaluations care-
fully with respect to different algorithms, different domains, and 
different aspects of user perceptions of the quality of recom-
mender systems, such as diversity, familiarity, and novelty. 

ii. The trade-offs between different quality factors must be formu-
lated and balanced carefully in each user experiment to obtain 
credible and trustworthy results. Many quality factors might be in 
conflict. For example, the recommendation coverage and/or di-
versity might conflict with the accuracy.  

ii. Usually, the recommender system is part of another system, such 
as a commercial website. Hence, there is a need to investigate the 
interface design of the website hosting the recommender system. 
More research is needed on users’ evaluations of the ordering of 

the recommendations list, with respect to different quality as-
pects such as familiarity, diversity, novelty, and transparency.  

iv. More study is required to compare the impacts of different 
recommendation approaches on user behavior, such as purchase 
behavior and loyalty. We could only find one study that examined 
the effect of recommendation quality on customer loyalty [11]. 
Future research studies could investigate the impacts of changing 
characteristics of the recommended products on users’ decisions, 
such as in the context of user satisfaction and persuasion. 

v. There is a need to focus on user interactions with the recom-
mender system. The interaction with the system must be designed 
and evaluated carefully to reflect the goals of the system under 
study. 

However, this research has some limitations regrading data distri-
bution and collection. Only one e-commerce platform was considered 
for the evaluation. Although we tried to reach a wide range of re-
spondents, the response rate was relatively low. We could only distribute 
the questionnaire among university students from one university in 
Saudi Arabia, which might affect the generalizability of this research to 
other communities. The response rate among male students was too low, 
so we only considered female respondents in this study. Future research 
can be conducted to investigate the impacts of quality factors from male 
and female perspectives. It can be anticipated that different results can 
be obtained from a male-dominated sample. In addition, recommended 
items generally entail two types of products: experiences, and search- 
characteristic products. Users’ perception of each type differs in 
regards to different quality aspects. An extended study can be conducted 
on users’ perceptions of different quality factors, with respect to each 
type of recommended product. 
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Appendix 

Table A1 
Loyalty in Previous Literature  

Author Context Sample Other Dimensions 
Measured 

Direct antecedents Theoretical Background 

Eid [21] E-commerce 235 college students and employers  - Perceived Privacy  
- User Interface Quality  
- Perceived Security  
- Information Quality  

- Satisfaction  
- Trust  

- Technology Acceptance 
Model (TAM)  

- The theory of reasoned action 
(TRA)  

- Expectation-Confirmation 
Theory (ECT) 

Safa & Ismail 
[39] 

E-commerce 254 customers of online markets with 
previous e-shopping experience  

- Customer factors  
- Organizational factors  
- Technology factors  

- Satisfaction  
- Trust  

- Technology Acceptance 
Model  

- Least effort theory 
Yoon et al. [11] Recommender systems 251 college students  - Recommendation 

Quality  
- Recommendation Agent 

Type  

- Satisfaction  - Cognition-Affective-Behavior 
Theory (C–A–B)  

- The theory of interpersonal 
similarity  

- Theory of human information 
processing 

Luarn & Lin 
[41] 

E-services 180 individuals –  - Perceived value  
- Satisfaction  
- Commitment  
- Trust 

The antecedents of e-loyalty 

197 customers of e-commerce –  - Satisfaction The antecedents of e-loyalty 

(continued on next page) 
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Table A1 (continued ) 

Author Context Sample Other Dimensions 
Measured 

Direct antecedents Theoretical Background 

Janita & 
Miranda 
[112] 

Business-to-business 
(B2B) e-commerce  

- Value  
- Image  
- Quality 

Safa & Solms 
[26] 

E-commerce 265 customers of online companies 
with previous e-shopping experience  

- Security  
- Convenience  
- Reliable Payment System  
- Benefits  
- Clear Shopping Process  
- Enjoyment  
- Benevolence  

- E-trust  
- E-satisfaction  

- Cognition-Affective-Behavior 
Theory 

Chang [40] Mobile Application 
Commerce 

320 users of mobile applications  - Price Value for Money  
- Emotional Value  
- Performance/Quality 

Value  
- Social Value  

- Perceived Value  
- Satisfaction 

The antecedents of e-loyalty 

Cyr [28]  - E-commerce 571 individuals  - Information Design  
- Navigation Design  
- Visual Design  

- Satisfaction  
- Trust 

The antecedents of e-loyalty 

Elkhani et al. 
[29]  

- E-ticketing 357 online customers  - System Disconfirmation  
- Information 

Disconfirmation  
- Service Disconfirmation  

- E-satisfaction  - Marketing mix 4Ps  
- Expectancy Disconfirmation 

Theory  
- E-ServQual 

Zehir et al. 
[113] 

E-commerce 645 individuals  - Fulfillment  
- Efficiency  
- Privacy  
- System availability  

- Perceived Value  - E-Service Quality 

Nadeem et al. 
[38]  

- E-tailors’ websites and 
social media 

288 customers with previous e- 
shopping experience  

- Service Quality  
- Peer Recommendations  
- E-Shopping via Facebook  

- Trust  
- Attitudes towards e- 

tailor 

The antecedents of e-loyalty 

Set�o-Pamies 
[89] 

Retail travel agency 
sector 

400 individuals who with previous 
usage experience 

Quality Service  - Satisfaction  
- Trust  

- ServQual 

Chiou [54]  - Internet Service 
Providers 

408 users  - Attributive Service  - Future ISP 
Expectancy  
- Satisfaction  
- Perceived Value  
- Perceived Trust  

- Cognition-Affective-Behavior 
Theory 

Cui & Lai [114]  - Online Auctions 449 bidders on the website  - Product diversity  
- Effectiveness of the 

bidding agent  
- Network effect  
- Effectiveness of the WTI 

function  

- Perceived bidding 
enjoyment  

- Perceived bidding 
utility  

- S–O–R model 

Lin & Wang 
[30] 

M-commerce 255 college students –  - Satisfaction  
- Perceived Value  
- Trust  
- Habit  

- Theory of Reasoned Action 

[109] B2C e-marketplaces 227 individuals with previous usage 
experience  

- Benevolence  
- Competence  
- Integrity  
- Purchase Intention  

- Trust in 
Intermediary  

- Trust in Seller  

- The antecedents of trust 

Hsu et al. [115] Online group-buying 253 customers with previous e- 
shopping experience  

- Trust in Sellers  
- Reputation of Website  
- Trust in Website  
- Reputation of Seller  
- Perceived Size of Seller  
- Perceived Size of Website  

- Perceived Quality of 
Sellers  

- Satisfaction with 
Website  

- Satisfaction with 
Sellers  

- IS Success Model  
- Determinants of Repurchase 

Intention   

Table A2 
The Questionnaire Items  

Construct Item References 

Recommendation Quality 1. The recommender system suggestions were helpful [11,65] 
2. The recommender system suggestions were relevant 
3. I became interested in the product after it was suggested by the website 
4. I liked the items suggested by the website 
5. The website suggested the kinds of items I like 
6. I feel that the item suggestions helped me decide what to buy 

Recommendation Accuracy 7. The items recommended to me matched my interests [10] 
8. The recommender gave me good suggestions [8] 
9. I am not interested in the items recommended to me (reverse scale) [8] 

Recommendation Novelty 10. The items recommended to me are novel and interesting [8] 
11. The recommender system helped me discover new items [10] 
12. I could not find new items through the recommender (reverse scale) [8] 

(continued on next page) 
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Table A2 (continued ) 

Construct Item References 

Recommendation Diversity 13. The items recommended to me are diverse [8] 
14. The items recommended to me are similar to each other [8] 
15. The items recommended to me are of various kinds [10] 

Explanation 16. The recommender explains why products are recommended to me [8,10] 
17. When interacting with the recommender system, I felt I have been involved in its recommendation process [10] 
18. This recommender system educates me about the process used for generating a recommendation, so that I could better understand 
the strengths and limitations of the system 

[10] 

Recommendation 
Transparency 

19. I understand why the items were recommended to me [8,10] 
20. I understand why the items were returned through the explanations in the interface [8] 
21. The explanation facilities helped increase my acceptance of the recommendations made by the system. [10] 

Website Quality 22. My overall evaluation of the features of this website is very high [10] 
23. The quality of this Web site meets my expectations 
24. The Web site offered unique features to me that are different from other retail Web sites 

Web Site Quality: Usability 25. I find the website easy to learn to operate [80] 
26. My interaction with the website is clear and understandable 
27. I find the website easy to navigate 
28. I find the website easy to use 
29. The website has an attractive appearance 
30. The website design is appropriate to the type of use 
31. The website conveys a sense of competency 
32. The website creates a positive experience for me 

Web Site Quality: 
Information 

33. The website provides accurate information [80] 
34. The website provides believable information 
35. The website provides timely information 
36. The website provides relevant information 
37. The website provides easy to understand information 
38. The website provides information at the right level of detail 
39. The website presents the information in an appropriate format 

Web Site Quality: Service 40. The website has a good reputation [80] 
41. It feels safe to complete transactions through the website 
42. My personal information feels secure 
43. The website creates a sense of personalization 
44. The website conveys a sense of community 
45. The website makes it easy to communicate with the organization 
46. I feel confident that goods/services will be delivered as promised 

Satisfaction 47. Overall, I am satisfied with the recommender [116] 
48. My overall satisfaction with the interface is high [116] 
49. I am satisfied with my decision to purchase from this web site [116] 
50. If I had to purchase again, I would feel differently about buying from this web site [116] 
51. My choice to purchase from this web site was a wise one [116] 
52. I regret my decision to buy from this web site [37] 
53. I think I did the right thing by buying from this web site [116] 
54. I am unhappy that I purchased from this web site [116] 

Trust 55. The recommender system can be trusted [10] 
56. I feel that this recommender system is trustworthy [93] 
57. This recommender system can be counted on to successfully complete purchase transactions [37] 
58. I can trust the performance of this recommender system to be good [37] 
59. This recommender system is reliable for my online shopping [37] 

Loyalty 60. It is likely that I will return to this recommender system [116] 
61. I do recommend that others use the recommender system services 
62. My preference for the recommender system would not willingly change   

Table A3 
Loadings and Cross-Loadings for the Main Study   

ACU DIV EXP LO NOV RQ SATIS SERV TRANS TRUST USAB WEBQ 

E1 0.22 0.193 0.755 0.239 0.358 0.262 0.275 0.206 0.448 0.299 0.262 0.225 
E2 0.314 0.335 0.789 0.39 0.39 0.471 0.35 0.304 0.418 0.387 0.371 0.31 
E3 0.325 0.285 0.86 0.396 0.546 0.383 0.363 0.375 0.603 0.34 0.421 0.324 
L-1 0.497 0.375 0.393 0.9 0.425 0.46 0.674 0.59 0.413 0.741 0.616 0.584 
L-2 0.471 0.357 0.4 0.931 0.422 0.467 0.573 0.609 0.391 0.764 0.597 0.549 
L-3 0.46 0.386 0.354 0.848 0.365 0.399 0.489 0.461 0.363 0.668 0.515 0.519 
RA1 0.877 0.583 0.334 0.479 0.351 0.501 0.519 0.555 0.352 0.44 0.562 0.746 
RA2 0.886 0.556 0.287 0.439 0.414 0.535 0.558 0.564 0.414 0.464 0.561 0.756 
RA3RS 0.879 0.528 0.328 0.489 0.388 0.575 0.512 0.528 0.331 0.488 0.564 0.723 
RD1 0.535 0.82 0.29 0.331 0.238 0.42 0.347 0.352 0.226 0.299 0.417 0.487 
RD2RS 0.503 0.817 0.202 0.349 0.295 0.36 0.416 0.426 0.238 0.32 0.356 0.459 
RD3 0.481 0.778 0.314 0.325 0.304 0.379 0.351 0.344 0.29 0.319 0.419 0.396 
RN1 0.385 0.287 0.424 0.429 0.854 0.455 0.403 0.439 0.659 0.405 0.39 0.474 
RN2 0.338 0.259 0.45 0.365 0.866 0.419 0.307 0.352 0.702 0.327 0.358 0.38 
RN3RS 0.371 0.318 0.51 0.338 0.785 0.403 0.363 0.365 0.659 0.342 0.349 0.361 
RQ1 0.496 0.403 0.332 0.418 0.402 0.774 0.455 0.445 0.334 0.478 0.446 0.474 
RQ2 0.485 0.401 0.349 0.432 0.43 0.781 0.397 0.407 0.325 0.437 0.433 0.456 
RQ3 0.425 0.259 0.264 0.276 0.262 0.67 0.287 0.285 0.16 0.313 0.266 0.311 

(continued on next page) 
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Table A3 (continued )  

ACU DIV EXP LO NOV RQ SATIS SERV TRANS TRUST USAB WEBQ 

RQ4 0.417 0.352 0.326 0.355 0.389 0.768 0.279 0.281 0.256 0.353 0.308 0.365 
RQ5 0.456 0.36 0.375 0.365 0.431 0.749 0.347 0.399 0.303 0.332 0.371 0.392 
RQ6 0.48 0.38 0.42 0.374 0.371 0.773 0.391 0.399 0.304 0.416 0.424 0.412 
S-1 0.538 0.41 0.426 0.538 0.392 0.43 0.827 0.591 0.422 0.631 0.608 0.545 
S-2 0.473 0.332 0.303 0.439 0.291 0.369 0.784 0.525 0.271 0.531 0.603 0.451 
S-3 0.522 0.4 0.369 0.569 0.385 0.422 0.871 0.657 0.396 0.63 0.648 0.567 
S-4RS 0.337 0.287 0.331 0.412 0.237 0.286 0.67 0.379 0.31 0.363 0.41 0.316 
S-5 0.522 0.379 0.271 0.537 0.369 0.413 0.834 0.601 0.387 0.545 0.567 0.553 
S-7 0.454 0.368 0.276 0.594 0.348 0.369 0.781 0.622 0.333 0.612 0.563 0.5 
T-1 0.483 0.337 0.348 0.713 0.358 0.463 0.645 0.62 0.369 0.873 0.584 0.57 
T-2 0.427 0.368 0.378 0.668 0.348 0.42 0.604 0.568 0.372 0.838 0.552 0.498 
T-3 0.455 0.328 0.373 0.692 0.402 0.438 0.62 0.559 0.415 0.894 0.573 0.558 
T-4 0.47 0.334 0.351 0.714 0.382 0.48 0.637 0.602 0.392 0.914 0.606 0.566 
T-5 0.499 0.348 0.413 0.797 0.409 0.498 0.605 0.604 0.387 0.901 0.618 0.591 
TRA1 0.358 0.231 0.428 0.386 0.659 0.319 0.383 0.373 0.805 0.377 0.346 0.439 
TRA2 0.319 0.239 0.48 0.35 0.695 0.311 0.311 0.334 0.852 0.325 0.36 0.371 
TRA3 0.347 0.292 0.609 0.347 0.644 0.309 0.404 0.386 0.818 0.377 0.38 0.355 
WQ1 0.741 0.497 0.327 0.54 0.392 0.448 0.548 0.558 0.401 0.52 0.607 0.875 
WQ2 0.723 0.492 0.284 0.51 0.45 0.451 0.567 0.613 0.44 0.551 0.621 0.878 
WQ3 0.725 0.459 0.321 0.555 0.423 0.502 0.506 0.584 0.372 0.567 0.635 0.846 
WQS-1 0.545 0.423 0.27 0.563 0.325 0.424 0.631 0.81 0.344 0.596 0.648 0.614 
WQS-2 0.536 0.446 0.33 0.542 0.445 0.415 0.615 0.875 0.429 0.608 0.658 0.603 
WQS-3 0.497 0.408 0.31 0.48 0.377 0.389 0.561 0.86 0.336 0.507 0.6 0.519 
WQS-4 0.506 0.345 0.29 0.472 0.354 0.357 0.57 0.847 0.308 0.523 0.575 0.531 
WQS-5 0.446 0.302 0.331 0.481 0.357 0.418 0.448 0.657 0.335 0.448 0.525 0.476 
WQS-6 0.482 0.338 0.264 0.46 0.433 0.385 0.57 0.771 0.429 0.497 0.597 0.506 
WQS-7 0.479 0.317 0.322 0.497 0.316 0.402 0.617 0.788 0.313 0.556 0.616 0.529 
WQU-1 0.465 0.323 0.377 0.544 0.341 0.352 0.582 0.568 0.432 0.528 0.76 0.511 
WQU-2 0.495 0.349 0.373 0.492 0.355 0.425 0.578 0.598 0.386 0.534 0.741 0.55 
WQU-3 0.529 0.449 0.325 0.52 0.312 0.341 0.588 0.631 0.348 0.526 0.832 0.6 
WQU-4 0.518 0.406 0.354 0.516 0.314 0.409 0.64 0.642 0.363 0.582 0.842 0.569 
WQU-5 0.43 0.383 0.355 0.417 0.291 0.359 0.477 0.488 0.247 0.451 0.741 0.485 
WQU-6 0.476 0.327 0.292 0.414 0.323 0.369 0.528 0.588 0.275 0.447 0.795 0.538 
WQU-7 0.499 0.404 0.338 0.519 0.368 0.401 0.515 0.565 0.337 0.499 0.769 0.57 
WQU-8 0.565 0.44 0.369 0.608 0.427 0.489 0.568 0.616 0.364 0.577 0.777 0.64  
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