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Purpose: The COVID-19 pandemic has greatly influenced the health and lifestyles of individuals. Increasing numbers of consumers 
now participate in quantified self (QS) process to learn more about their health-related behaviors. Understanding how to increase 
consumers’ QS continuance participation intention is critical. Drawing on Social Cognitive Theory and Self-Construal Theory, this 
study investigates how the presentation characteristics of QS data and consumers’ self-construal can influence their continuance 
participation intention during QS process.
Methods: Three between-subjects scenario simulation experiments were conducted to examine the influence mechanisms of the 
presentation mode and type of QS data and self-construal on consumers’ continuance participation intention.
Results: The study found: (1) the presentation mode (horizontal comparison vs vertical comparison) and type (descriptive vs analytic) 
of QS data had significant interaction effects on consumers’ continuance participation intention; (2) consumers’ self-construal 
(interdependent vs independent) and the presentation mode of QS data had obvious interaction effects on their continuance participa-
tion intention; and (3) consumers’ self-construal and the presentation type of QS data had interaction influences on their continuance 
participation intention.
Conclusion: This research combined Social Cognitive Theory and Self-Construal Theory to analyze the influence mechanisms of the 
presentation characteristics of QS data and consumers’ self-construal on their continuance participation intention. These findings not 
only expand the research field and the scope of application of Social Cognitive Theory, but also provide new insights for the study of 
consumers’ QS problems. They have reference value for the optimization of the presentation features of QS data, and for improving 
the match between QS data presentation and consumers’ self-construal types, to motivate continued participation in QS process.
Keywords: continuance participation intention, data presentation, quantified self, self-construal

Introduction
The COVID-19 pandemic has threatened individuals’ physical and psychological health, and brought significant lifestyle 
changes throughout the world.1 Participating in quantified self (QS) process has become a global trend that has changed 
how consumers understand themselves. QS refers to a process in which consumers track and measure their activity and 
health data, and use it to form personalized knowledge and habits.2 As a result, a variety of QS tools represented by 
health and fitness apps are emerging and developing rapidly. These apps can generate a large amount of QS data about 
consumer behaviors (by tracking parameters like fitness, food intake and sleep), as they contain QS functions that track 
health and activity levels.3 This helps consumers to better know, predict, and manage the state of their health, which 
provides them with a convenient and efficient healthcare monitoring mechanism.3 The QS data gathered by health and 
fitness apps is of great value to consumers and app developers. From it, consumers can analyze, intervene in and 
recognize their own behaviors, and companies can design and optimize products (services), segment customers, and 
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market specifically to them.4,5 The full scope of QS’ positive utility, however, depends on consumers’ long-term and 
continued participation.6,7 Many consumers stop using health and fitness apps and continuously collecting QS data after 
a short time, and for various reasons. As a result, it is difficult for consumers to obtain the positive effects of QS, and app 
developers are unable to achieve their marketing goals. Pinpointing how to guide consumers to a sustained, long-term 
engagement with QS process through health and fitness apps is therefore a significant challenge for developers.

Because QS is a new research field, the literature to date has focused on theoretical analysis, such as the definition and 
connotations of QS, the selection and usage of QS tools, and QS’ application scenarios and technical support. Studies that 
examine the factors that affect continuous participation in QS process analyze them mainly from the consumer’s 
perspective. Lazar et al8 believe that three factors prevent consumers from continuing to participate in health-related 
QS activities: an unfit self-concept, invalid data collection, and difficult operation analysis. Zhang and Lowry9 studied 
users of running apps, and found out that the main reasons they failed to engage with QS process over a longer period 
included: the lack of motivation for constant participation; the conflict between a consumer’s resources (including time, 
energy, habits, etc.) and QS activities; and the restriction of certain technical skills by QS devices and applications. Shen 
et al7 revised and extended the expectation-disconfirmation model to investigate the factors that affected users’ 
continuous engagement with QS process. Li and Zhang10 used Achievement Goal Orientation Theory as a basis to 
examine the internal mechanism with which a consumer’s sustained willingness to participate in QS process is formed, as 
well as factors and mechanisms that hinder this participation. Jin et al11 demonstrated that immersive QS experiences 
promoted consumers’ continuous participation intention. Shi and Chen12 demonstrated that QS could increase continu-
ance intention in the pursuit of goals. In QS process, app developers present consumers with personal behavioral data, 
which can help them optimize their actions. The presentation characteristics of QS data inevitably affect consumers’ self- 
cognition, and consequently affect their intention to participate sustainably in QS process, but this is largely neglected in 
present research.

Based on Social Cognitive Theory and Self-Construal Theory, we design three between-subjects experiments. These 
experiments examined the influence mechanisms of the presentation mode (horizontal vs vertical comparison), the 
presentation type (descriptive vs analytic) of QS data, and consumers’ self-construal (interdependent vs independent) on 
their continuance participation intention during QS process. This study used the presentation features of QS data to 
enrich related research by discussing consumers’ willingness to remain engaged with QS. It also has practical sig-
nificance for developers of health and fitness apps, and provides them with valuable information on how to encourage 
continuous participation in QS process, which can help them maximize their marketing strategies.

In the following chapters, we first review Social Cognitive Theory, Self-Construal Theory and the presentation 
characteristics of QS data. Second, we discuss how the presentation characteristics of QS data and consumers’ self- 
construal affect continuance participation intention, and then develop the main hypotheses in this study. Third, in the 
experiment section, we conduct three between-subjects experiments, including materials, pretesting, participants, variable 
measurement, formal experiment and results. Finally, we present the discussion, theoretical and practical implications, 
discuss the limitations and future research, and draw conclusions from this study.

Literature Review
Social Cognitive Theory
According to Social Cognitive Theory, individual behavior is subject to the joint influences of social environment and 
self-cognition.13 The social environment affects individual cognition, and the behavior of other individuals in the same 
situation is part of this social environment, which also influences individual behavior.13 The core of Social Cognitive 
Theory is triadic reciprocal determinism: ie, the reciprocal and dynamic interactions between individual behavior, 
individual cognition and the social environment.14 Self-efficacy and self-regulation are important concepts in Social 
Cognitive Theory, and they play a determining role in individual behavior, target selection and involvement, and degree 
of persistence.15,16 Because it has a strong ability to predict and explain individual and group behaviors, the application 
range of Social Cognitive Theory has extended from entity organizations to online situations and virtual organizations, 
such as social media,17 live-streamed games,18 telemedicine,19 online health communities,20 and wearable tracking 
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devices.21–23 Brinson24 indicates that the factors that influence consumers’ willingness to use QS tools, and their behavior 
while doing so, are based on many aspects, including cognitive overload, internal and external participation motivation, 
self-efficacy, self-regulation and outcome expectancy (positive or negative). Self-efficacy and self-regulation are two 
important concepts in Social Cognitive Theory, and play a decisive role in individual behavior, goal selection and 
investment, and persistence.15,16 It can be seen that Social Cognitive Theory is appropriate to the research context of this 
paper. Then, consumers receive information from the surrounding environment in the process of participating in QS 
activities. Combined with the research context of this paper, the presentation characteristics of QS data, as an important 
situational variable, affect consumers’ cognition, and stimulate internal and external motivation to adjust their behavior in 
order to achieve the goal, thus consumers’ QS continuance participation intention is enhanced. Social Cognitive Theory 
therefore provides a valuable theoretical perspective for the study of the influence mechanism of presentation character-
istics of QS data on consumers’ continuance participation intention.

Self-Construal Theory
Self-construal refers to a collection of ideas, feelings and actions that relate to the connections or differences between the 
self and others.25 Markus and Kitayama26 and Liu27 divide self-construal into types, determined by the extent to which an 
individual thinks (s)he is related to or separated from others; accordingly, they identify the interdependent and 
independent types. When interdependent consumers define the self, they rely on their social environment and their 
relationships with others, including concepts such as status, role and interaction. These are external public attributes. 
Conversely, independent consumers think the self is independent of the social situation in which they live and define it 
according to inner private attributes, like ability, thought and feeling. This research applies the definition and classifica-
tion of self-construal used by Singelis25 and Markus and Kitayama.26 Kim et al28 suggest that self-construal has 
a significant impact on Internet users’ motivations and behaviors. Rooksby et al29 demonstrate that QS is not limited 
to consumers themselves, and individuals are often interrelated, which establishes that the self in “quantified self” can 
also be group and social. Martinko et al30 found that situational variables affected individual cognitive processing and 
then affect individual behavior. They also asserted that individual cognitive processing was affected by individual 
differences. Consumers with different types of self-construal have different perceptions, cognitive processing, and 
behavioral reactions to the presentation characteristics of QS data. It is therefore useful to design customized and 
personalized interfaces to meet the needs of individual users.31 Social Cognitive Theory shows that an individual’s 
motivation and behavior are impacted by both the social environment and self-cognition,13,24 and Franque et al32 assert 
that it can be integrated with other theories in the information systems continuance intention context. Integrating Social 
Cognitive Theory and Self-Construal Theory can therefore better explain the influence mechanism of the presentation 
characteristics of QS data and self-construction on consumers’ QS continuance participation intention.

The Presentation Characteristics of QS Data
An effective human-computer interface is essential for the further development of QS activities, and should enable 
consumers to obtain descriptive objective information and actionable advice from their QS data.33 Understanding data is 
key to consumer participation in QS activities.34 Almalki et al2 and Li and Guo31 explain that although health-related QS data 
is rich and easy to generate, obtaining useful health-related results from it presents significant management and analysis 
challenges. Although previous studies recognize the importance of interface design to data presentation characteristics, they 
have not fully explored how this data should be presented to enhance consumers’ continuance participation intention.

In this study, the main presentation characteristics of QS data are presentation mode and presentation type. 
Pirzadeh et al35 and Cho et al36 classify the presentation mode of QS data in two categories: comparative and non- 
comparative. They define “comparison” as the contrast of an individual’s achievements and abilities with his/her own 
past or with the achievements and abilities of other individuals. Petkov et al37 believe that comparison can be either 
personal (compared to an individual’s own past) or social (compared to others). In this study, the presentation mode of 
QS data is categorized into horizontal and vertical comparison. The former compares the quantitative data of consumers’ 
own behaviors with that of others: eg, a fitness management app that regularly presents consumers with the specific 
ranking of their fitness data, and compares it to that of their friends. Vertical comparison refers to the contrast between 
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the current quantitative data of consumers’ behaviors and that of their own past: eg, a fitness management app that 
delivers consumers their own past fitness levels in the form of weekly reports.

Fawcett,38 in referring to the presentation type of QS data, states that since most consumers are not satisfied with 
simple self-descriptive data presentation, QS tools should deeply mine the hidden information behind the data and 
provide specific feasible suggestions to consumers. This study divides the presentation type of QS data into descriptive 
and analytic types. The former is the quantitative data that objectively reflects an individual’s personal behavior, and 
offers the original data from each quantitative node: eg, a sleep management app records consumers’ deep sleep, light 
sleep and sleep duration, and displays the data in the form of numbers or charts. The latter is the quantitative data of 
consumers’ personal behavior that is obtained after comprehensive analysis by quantitative tools. This makes it possible 
to present consumers with analysis results that are based on quantitative data, and then to provide corresponding 
suggestions that will improve their behavior: eg, a sleep management app analyzes consumers’ sleep needs and tracks 
changes to their heart rate after they fall asleep. Based on this data, it will suggest corrective actions: eg, “You need to 
sleep 8 hours and 45 minutes tonight to compensate for your lack of sleep yesterday”.

Hypotheses Development
The Interaction Effects of the Presentation Mode and Presentation Type of QS Data 
on Consumers’ Continuance Participation Intention
The QS refers to the process in which consumers reflect on and optimize their behavior by collecting, analyzing and 
sharing self-data.10 Previous studies have shown that data presented in the comparative mode can promote consumers’ 
internal and external motivations and enhance their intention to change their behavior; this applies to a greater extent than 
in the non-comparative mode.35,36,39 Accordingly, QS data is generally delivered to consumers in a comparative format 
(horizontal or vertical). According to Social Cognitive Theory, when QS data is offered to consumers through horizontal 
comparison, other consumers who use the same QS tool will become part of the social environment, and with consumer 
self-cognition, exert influence on their behaviors.15,24 When this occurs, presenting descriptive QS data (as opposed to 
analytic QS data) to consumers can make them more clearly and intuitively identify the objective gap between 
themselves and others (especially top-ranking consumers). This demonstration effect enables consumers to generate 
a stronger external motivation and form clear future action goals, which in turn enhances their willingness to continue to 
participate in QS process.

When QS data is shown to consumers through vertical comparison, they see their own behavioral data and trends for 
a certain period in the past. By contrasting this with previously set targets, they can form a concrete sense of their goal 
achievement. On the basis of Social Cognitive Theory, consumers can produce inner motivation to adjust their behavior, 
and this enables them to further improve themselves and achieve their goals.15,24 In this environment, delivering analytic 
QS data rather than descriptive QS data to consumers can provide them with information on how to achieve their aims in 
the future, through specific operational suggestions and adjustments to their behavior in a particular direction. This 
generates stronger self-efficacy and a more positive future outcome expectancy, and encourages a willingness to keep 
investing and persisting to achieve goals.3,15,16 As a result, a consumer’s intention to maintain engagement with QS can 
also be enhanced. The following hypotheses are proposed accordingly:

H1. The presentation mode and presentation type of QS data have interaction effects on consumers’ continuance 
participation intention.

H1a. When QS data is presented in horizontal comparison, the descriptive data presentation is more effective at 
enhancing consumers’ QS continuance participation intention than the analytic data presentation.

H1b. When QS data is presented in vertical comparison, the analytic data presentation is more effective at enhancing 
consumers’ QS continuance participation intention than the descriptive data presentation.
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The Interaction Influences of Consumers’ Self-Construal and the Presentation Mode 
of QS Data on Their QS Continuance Participation Intention
Self-construal affects all aspects of individual and social activities, and the consumers with different self-construal types 
vary greatly in their social tasks, motivations and goals.27,40 Markus and Kitayama26 and Yao et al41 demonstrate that 
consumers who belong to the interdependent self-construal category mostly have collectively, interpersonally and 
socially oriented motivations, while independent self-construal consumers are largely motivated by self-performance 
and self-value realization. While QS tools help consumers accurately intervene in their own behaviors, they also disclose 
the QS data of consumers within a certain range, so that QS activities can have group and social attributes.4,29 Social 
Cognitive Theory establishes that an individual’s motivation and behavior are impacted by both the social environment 
and self-cognition.13,24 A consumer’s self-construal, as a perception of the relationship between the self and others, is 
a critical part of individual self-cognition.25 For consumers with different self-construal types, the presentation mode of 
QS data can consequently have different effects on their willingness to be sustainable participants.

When consumers who engage in QS process are of the interdependent self-construal type, they define themselves 
from the perspective of the relationship between individuals and others, and pay more attention to external public 
attributes, such as status and rank. When this is the case, presenting QS data to consumers in the horizontal rather than 
vertical comparative mode can enable them to see the overall situation of the group and their own position and rank. This 
clarifies what consumers’ future goals should be, and enhances their QS continuance participation driven by external 
motivation. When consumers who take part in QS process are of the independent self-construal type, they define 
themselves independently of their social environment, and pay more attention to internal privatization attributes, such 
as ability and value.42 In this case, providing QS data to consumers in a vertical rather than horizontal comparative mode 
can meet their need for deep self-understanding, and generate an inner motivation to further improve. This strengthens 
the intention of consumers to continue engaging in QS process. The following hypotheses can therefore be stated:

H2. Consumers’ self-construal and the presentation mode of QS data have interaction impacts on their QS continuance 
participation intention.

H2a. When consumers are of the interdependent self-construal type, presenting QS data in horizontal comparison can 
strengthen their QS continuance participation intention more effectively than if data were presented in vertical 
comparison.

H2b. When consumers are of the independent self-construal type, presenting QS data in vertical comparison can 
strengthen their QS continuance participation intention more effectively than if data were presented in horizontal 
comparison.

The Interaction Impacts of Consumers’ Self-Construal and the Presentation Type of 
QS Data on Their QS Continuance Participation Intention
An individual’s cognitive style can be directly affected by self-construal.43 Cognitive style refers to a preferred habitual 
attitude, and the way an individual behaves with regard to memory, perception and thought process.44,45 Generally, 
individuals of interdependent self-construal exhibit a more field-dependent cognitive style: ie, they have a stronger 
dependence on external references in the cognitive process, and are unwilling to make decisions independently of their 
external environment. Conversely, individuals who independently self-construe generally display a field-independent 
cognitive style: ie, their cognitive process are relatively independent of their external environment. These individuals 
prefer to make decisions alone, without external interference.46–48 Consumers of different self-construal types also adopt 
different cognitive styles when they participate in QS process.

When consumers who participate in QS process are of the interdependent self-construal type, they exhibit a stronger 
field-dependent cognitive style, and their behavioral decisions are more dependent on the external environment. When 
this is the case, delivering analytic rather than descriptive QS data to consumers can significantly reduce the burden of 
cognition and decision-making, and consumers tend to accept the suggestions and solutions for improvement that QS 
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tools offer. This enhances their desire to continue to engage with QS. When consumers participating in QS process are of 
the independent self-construal type, they show a stronger field-independent cognitive style, and their behavioral decisions 
are relatively more independent; consequently, they do not easily accept the improvement suggestions that QS tools 
provide. In this case, presenting descriptive rather than analytic QS data to consumers can meet their autonomous 
decision-making demands and allow them to make self-regulation decisions based on the cognitive processing of original 
data. This strengthens their willingness to continue participating in QS process. The following hypotheses are proposed 
accordingly:

H3. Consumers’ self-construal and the presentation type of QS data have interaction impacts on their QS continuance 
participation intention.

H3a. When consumers are of the interdependent self-construal type, analytic data presentation is more effective at 
enhancing their QS continuance participation intention than descriptive data presentation.

H3b. When consumers are of the independent self-construal type, descriptive data presentation is more effective at 
enhancing their QS continuance participation intention than analytic data presentation.

Based on the preceding elaboration, an analysis framework of consumers’ intention to continue participating in QS 
process is developed, as shown in Figure 1.

Experiment 1
Experiment 1 was designed to test the interaction effects of the presentation mode (horizontal comparison vs vertical 
comparison) and type (descriptive vs analytic) of QS data on consumers’ continuance participation intention (H1).

Materials
This study created the virtual scenario of a sleep management app, and shot four (between-subjects) short videos that 
corresponded to the combinations of the presentation mode (horizontal comparison vs vertical comparison) and type (descriptive 
vs analytic) of QS data. In the videos, the horizontal comparison mode was primarily demonstrated by the ranking of QS data. 
The vertical comparison mode was mainly shown through line charts of QS data from the previous week. The descriptive type 
was principally exhibited by the objective presentation of each node’s QS data. The analytic type was mainly displayed through 
the corresponding improvement suggestions and solutions put forward by the app after it analyzed consumers’ QS data.

Pretesting
The aim of the pretesting was to determine whether the manipulation of the presentation mode and type of QS data was 
successful. The present study referenced the manipulation check of the ways of delivering health information in Shin 

Figure 1 Research model.
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and Biocca3 and Cho et al,36 and adjusted it in accordance with the research context to manipulate the presentation 
mode and type of QS data. A total of 120 college students from a higher education park in Hangzhou were invited to 
take part in the pretest. They were randomly divided into 4 groups, and all participants were briefed about the 
experiment scenario of engaging with sleep QS activity: “One morning, when you wake up, you turn on your phone 
as usual, and open the sleep management app to see your sleep status.” Then, each group watched a different short 
video separately.

In the horizontal comparison–descriptive type condition, participants were given the previous night’s sleep data:

The sleep management app showed that your sleep score was 72 last night. You ranked 331,185 of more than 193,555 users. 
The app recorded your bedtime, sleep duration, sleep age, and the distribution of deep and light sleep. 

In the horizontal comparison–analytic type condition, participants were told:

The sleep management app showed you that last night’s sleep score was 83. This placed you higher than 65% of users. The 
sleep quality analysis showed that you fell asleep late, had insufficient sleep, and woke up easily. The sleep management app 
suggested that you should go to bed early, sleep for 7 to 9 hours, reduce working hours and stress, and have a cup of hot milk 
before going to bed. 

In the vertical comparison–descriptive type group, subjects received information about their previous week’s sleep:

The sleep management app showed the distribution of your sleep last week (including your daily sleep duration, sleep score, 
sleep age, bedtime, and wake-up time) in graphic form. Your average bedtime last week was 23:25, and your average sleep 
duration was 8 hours, with a total score of 88 points. 

In the vertical comparison–analytic type group, participants were given their past sleep data:

The sleep management app presented your daily sleep efficiency and sleep duration in the past in a line chart. The analysis 
showed that your sleep efficiency was high, but you had too little deep sleep. The app suggested that you do aerobic exercise at 
least three times a week, and keep your bedroom well ventilated. 

After watching the video, each participant was asked to judge the presentation mode and presentation type of QS data 
in the video from 1 to 5, where 1 = full vertical comparison or full analytic, and 5 = full horizontal comparison or full 
descriptive.

Formal Experiment
In Experiment 1, the study employed a between-subjects design of 2 (presentation mode: horizontal comparison vs 
vertical comparison) × 2 (presentation type: descriptive vs analytic).

Participants
Drawing on Shin and Biocca3 and Cho et al,36 200 college student volunteers aged 18 to 30 years from a higher education park 
in Hangzhou were recruited to participate in the experiment. These subjects were right-handed, had normal or corrected-to- 
normal vision and no mental or cognitive impairment. All participants were randomly assigned to four groups. Each group 
watched a corresponding short video (which was validated in the pretesting) separately, and then completed a two-part 
questionnaire. The first part recorded the subjects’ age, education level, and gender, and the second measured their QS 
continuance participation intention after they watched the video. Considering that individual’s experience and overall 
propensity and familiarity to use technology, especially mobile apps and fitness apps, have influence on users’ continuance 
participation intention, we asked special questions at the beginning of the questionnaire to conduct a rigorous and reasonable 
screening of subjects. The responses of participants who had used health-related QS apps were considered invalid. A total of 
163 valid questionnaires were collected in Experiment 1, and an effectiveness rate of 81.5% was recorded. Of these 
respondents, 41 were in the horizontal comparison–descriptive type group; 39 were in the horizontal comparison–analytic 
type group; 42 were in the vertical comparison–descriptive type group; 41 were in the vertical comparison–analytic type 
group; 73 were male (44.79%); and 90 were female (55.21%).
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Variable Measurement
Consumers’ continuance participation intention was measured using the scale of Shin and Biocca.3 With the Cronbach’s α of 
0.89, the composite reliability (CR) of 0.79 and the average variance extracted (AVE) of 0.67, the scale developed by Shin 
and Biocca3 has good reliability and validity. Based on the scale of Shin and Biocca,3 we adapted it in accordance with the 
research context. The adapted scale consisted of three items scored on a five-point Likert scale ranging from 1 (completely 
disagree) to 5 (completely agree). In this study, SPSS and Mplus software were used to test reliability and validity, and the 
results are shown in Table 1. The Cronbach’s α coefficient was 0.795, which was greater than the acceptable level of 0.7, 
indicating that the scale had good reliability. The standardized factor loading value of each item was greater than 0.5, the CR 
value was greater than 0.7, and the AVE value was greater than 0.5, indicating that it had good convergent validity.

Results
Manipulation Check Results
An independent-samples t test was conducted based on the data obtained, and four groups of subjects that obviously 
differed in their perceptions of the presentation mode and presentation type of QS data (MHorizontal Comparison = 3.47, 
MVertical Comparison = 2.30, p < 0.001; MDescriptive Type = 3.97, MAnalytic Type = 2.70, p < 0.001) were produced. From this it 
can be seen that the manipulation of the presentation mode and presentation type of QS data was successful.

Formal Results
The data acquired in Experiment 1 produced a two-way analysis of variance (ANOVA) of 2 (presentation mode: 
horizontal comparison vs vertical comparison) × 2 (presentation type: descriptive vs analytic). As Table 2 shows, the 
presentation mode did not significantly affect consumers’ QS continuance participation intention (p = 0.838), and neither 
did the presentation type (p = 0.270). But the interaction effects of the presentation mode and presentation type of QS 
data on consumers’ QS continuance participation intention were significant (F = 122.091, p < 0.001), so Hypothesis H1 
was accepted. As Figure 2 shows, when QS data was presented in horizontal comparison, the descriptive data 
presentation was more effective than the analytic data presentation at enhancing consumers’ QS continuance participation 
intention (MDescriptive Type = 4.236 vs MAnalytic Type = 3.496, p<0.001), so Hypothesis H1a was accepted. When QS data 
was delivered in vertical comparison, the analytic data presentation was more effective than the descriptive data 
presentation at enhancing consumers’ QS continuance participation intention (MDescriptive Type = 3.429 vs MAnalytical 

Type = 4.333, p < 0.001), so Hypothesis H1b was accepted.

Table 2 Testing the Interaction Effects of Data Presentation Mode and Presentation Type 
on Consumers’ Continuance Participation Intention

Variable Degree of Freedom Mean Square F Value p value

Presentation mode 1 0.009 0.042 0.838

Presentation type 1 0.276 1.224 0.270
Mode × Type 1 27.541 122.091 0.000

Error 159 0.226

Table 1 Reliability and Validity Results of Experiment 1

Variable Items Loading CR AVE

Continuance Participation Intention α=0.795 CPI 1 0.854 0.8 0.576

CPI 2 0.776

CPI 3 0.629

Abbreviations: CR, composite reliability; AVE, average variance extracted.
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Experiment 2
The purpose of Experiment 2 was to examine the interaction effects of consumers’ self-construal (interdependent vs 
independent) and the presentation mode (horizontal comparison vs vertical comparison) of QS data on consumers’ QS 
continuance participation intention (H2).

Materials
A virtual scenario of a fitness management app was designed, and two short videos were shot that corresponded with the 
different presentation modes (horizontal comparison vs vertical comparison) of QS data. In the videos, the horizontal 
comparison mode was mostly reflected by the ranking of QS data, and the vertical comparison mode was primarily 
reflected by the weekly QS data reports from a period in the past.

Pretesting
This pretesting aimed to test whether the manipulation of the presentation mode of QS data was successful. The 
manipulation check of the presentation mode of QS data in Experiment 2 was similar to that in Experiment 1. A total 
of 60 college students were recruited from a higher education park in Hangzhou to participate in the pretest. They were 
randomly assigned to two groups, and all participants were given the information about the experiment scenario of 
engaging with fitness QS activity: “One day, when you finish working out, you turn on your phone as usual, and open the 
fitness management app to learn about your exercise status.” Then, each watched a different short video.

In the horizontal comparison condition, participants were given the previous week’s exercise data:

The fitness management app showed that you only exercised one day last week, for 26 minutes, ranking 4th among your friends. 

In the vertical comparison condition, participants were given exercise data for the previous few weeks:

The fitness management app measured your exercises every week, including the number of exercise days, the cumulative steps 
after each exercise, the number of stretches and planks, the calories burned, and the duration of each exercise. 

After watching the video, each participant judged the presentation mode of QS data in the video on a scale from 1 to 
5, where 1 = full vertical comparison, and 5 = full horizontal comparison.

Figure 2 Effects of presentation types on continuance participation intention in different data presentation modes.
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Formal Experiment
Experiment 2 employed a between-subjects design of 2 (presentation mode: horizontal comparison vs vertical compar-
ison) × 2 (self-construal: interdependent vs independent).

Participants
Drawing on Shin and Biocca3 and Cho et al,36 180 college student volunteers aged 18 to 30 years from a higher education park in 
Hangzhou were invited to participate in the experiment. These subjects were right-handed, had normal or corrected-to-normal 
vision and no mental or cognitive impairment. All participants were randomly assigned to two groups (horizontal comparison and 
vertical comparison) to watch a corresponding short video, which was verified in the pretesting, and answer a questionnaire. The 
questionnaire had three parts: the first measured subjects’ age, education level and gender; the second measured their self- 
construal type; and the third measured their continued willingness to participate in QS process after watching the video. 
Considering that individual’s experience and overall propensity and familiarity to use technology, especially mobile apps and 
fitness apps, have influence on users’ continuance participation intention, we asked special questions at the beginning of the 
questionnaire to conduct a rigorous and reasonable screening of subjects. The responses of participants who had used health- 
related QS apps were considered invalid. A total of 155 valid questionnaires were collected, and an effectiveness rate of 86.11% 
was recorded. In the horizontal comparison group, 39 were of the interdependent type, and 36 were independent. In the vertical 
comparison condition, 41 were of the interdependent type, and 39 were independent. Of the 155 respondents, 77 were male 
(49.68%) and 78 were female (50.32%).

Variable Measurement
The measurement of consumers’ continuance participation intention was similar to that in Experiment 1. The measurement of 
consumers’ self-construal primarily referenced Xiong’s research.49 Interdependent self-construal consisted of six items, with the 
Cronbach’s α of 0.809 and the AVE value of 0.708. Independent self-construal consisted of five items, with the Cronbach’s α of 
0.721and the AVE value of 0.773. The scale from Xiong49 has good reliability and validity. All the scales adopted a five-point 
Likert scale ranging from 1 (completely disagree) to 5 (completely agree), and were adapted on the basis of the research context. In 
this study, SPSS and Mplus software were used to test reliability and validity, and the results are shown in Table 3. The Cronbach’s 
α coefficient of consumers’ continuance participation intention was 0.801. The Cronbach’s α coefficient of interdependent self- 
construal was 0.861, and the Cronbach’s α coefficient of independent self-construal was 0.850. The Cronbach’s α coefficients of 
all variables were greater than the acceptable level of 0.7, indicating that the scales had good reliability. The standardized factor 
loading value of each item was greater than 0.5, the CR value was greater than 0.7, and the AVE value was greater than 0.5, 

Table 3 Reliability and Validity Results of Experiment 2

Variable Items Loading CR AVE

Continuance Participation Intention α=0.801 CPI 1 0.759 0.802 0.574
CPI 2 0.760

CPI 3 0.754

Interdependent self-construal α=0.861 ITSC 1 0.762 0.867 0.522
ITSC 2 0.771

ITSC 3 0.648

ITSC 4 0.765
ITSC 5 0.609

ITSC 6 0.763

Independent self-construal α=0.850 IDSC 1 0.712 0.850 0.531

IDSC 2 0.695

IDSC 3 0.749
IDSC 4 0.752

IDSC 5 0.735

Abbreviations: CR, composite reliability; AVE, average variance extracted.
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indicating that it had good convergent validity. In accordance with Yao et al’s41 classification method of consumers’ self-construal, 
the mean value of the respective items of interdependent type and independent type was taken as the score of this variable; each 
group was then, in accordance with positive and negative score difference, divided in two. Subjects with positive difference were 
interdependently self-construing, and those with negative difference were independently self-construing (MInterdependent Type = 
0.767, SDInterdependent Type = 0.377, MIndependent Type = −0.834, SDIndependent Type = 0.450, t. = 24.058, p < 0.001).

Results
Manipulation Check Results
The results of the independent-samples t test showed that the two groups perceived the presentation mode of QS data 
very differently (MHorizontal Comparison = 3.63, MVertical Comparison = 2.10, p < 0.001). This demonstrated that the experiment 
was successful in manipulating the presentation mode of QS data.

Formal Results
Data attained in Experiment 2 produced a two-way ANOVA of 2 (presentation mode: horizontal comparison vs vertical 
comparison) × 2 (self-construal: interdependent vs independent). As Table 4 shows, the main effect of consumers’ self-construal 
on their QS continuance participation intention was not significant (p = 0.572). The presentation mode of QS data also did not 
significantly affect consumers’ QS continuance participation intention (p = 0.142). But because the interaction effects of 
consumers’ self-construal and the presentation mode of QS data on their QS continuance participation intention were obvious 
(F = 107.854, p < 0.001), Hypothesis H2 was accepted. As Figure 3 shows, when consumers were interdependently self- 
construing, the data presentation mode in the horizontal comparison was more effective at strengthening consumers’ QS 
continuance participation intention than in the vertical comparison (MHorizontal Comparison = 4.231 vs MVertical Comparison = 3.561, 
p < 0.001), and Hypothesis H2a was accepted on this basis. When consumers were independently self-construing, the data 
presentation mode in the vertical comparison was more effective at strengthening their QS continuance participation intention 
than that in the horizontal comparison (MHorizontal Comparison = 3.407 vs MVertical Comparison = 4.299, p < 0.001); accordingly, 
Hypothesis H2b was accepted.

Experiment 3
Experiment 3 aimed to test the interaction effects of consumers’ self-construal (interdependent vs independent) and the 
presentation type (descriptive vs analytic) of QS data on their QS continuance participation intention (H3).

Materials
A virtual scenario of a diet management app was created, and two short videos were shot that corresponded to the 
descriptive and analytic presentation types of QS data. In the videos, descriptive presentation was primarily shown in the 
objective presentation of each node’s QS data, while analytic presentation was mainly presented as the corresponding 
suggestions and solutions the app offered after it analyzed consumers’ QS data.

Pretesting
The purpose of this pretesting was to test that whether the manipulation of the presentation type of QS data was 
successful. The manipulation check of the presentation type of QS data in Experiment 3 was similar to that in 
Experiment 1. Sixty college students from a higher education park in Hangzhou were invited to attend the pretest. 

Table 4 Testing the Interaction Effects of Self-Construal and Data Presentation Modes on 
Consumers’ Continuance Participation Intention

Variable Degree of Freedom Mean Square F Value p value

Presentation modes 1 0.476 2.179 0.142

Self-Construal 1 0.070 0.321 0.572
Mode × Self-Construal 1 23.571 107.854 0.000

Error 151 0.219
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They were randomly distributed into two groups, and all participants were given information about the experiment 
scenario of engaging with diet QS activity: “One day, after you have eaten a big dinner, you turn on your phone as 
usual, and open the diet management app to learn about your diet today.” Then, each group watched a different short 
video.

In the descriptive experiment group, subjects were given information about their diet that day:

The diet management app showed that you had an intake of 1864 kilocalories today, 558 kilocalories more than you planned. It 
also recorded the calorie intake of each meal, and each type of food you ate. 

In the analytic experiment group, subjects were given personalized dietary information:

The diet management app rated your diet as average. A nutritional analysis was made based on your diet, including calorie, 
nutrient and food type analysis. The results showed that you have had a high calorie and fat intake today, and ate too many 
snacks and not enough fresh vegetables. The app gave you targeted suggestions for each meal. 

After watching the video, each subject judged the presentation type of QS data in the video on a 1 to 5 scale, where 1 
= full analytic type, and 5 = full descriptive type.

Formal Experiment
Experiment 3 employed a between-subjects design of 2 (presentation type: descriptive vs analytical) × 2 (self-construal: 
interdependent vs independent).

Participants
Drawing on Shin and Biocca3 and Cho et al,36 180 college student volunteers aged 18 to 30 years from a higher 
education park in Hangzhou were invited to participate in the experiment. These subjects were right-handed, had normal 
or corrected-to-normal vision and no mental or cognitive impairment. All participants were randomly assigned to two 
groups (descriptive and analytic). They then watched a corresponding short video (which was confirmed in the 
pretesting) separately, and completed a three-part questionnaire. The first part ascertained participants’ age, education 
level, and gender; the second measured their type of self-construal; and the third measured their willingness to continue 
participating in QS process after watching the video. Considering that individual’s experience and overall propensity and 
familiarity to use technology, especially mobile apps and fitness apps, have influence on users’ continuance participation 
intention, we asked special questions at the beginning of the questionnaire to conduct a rigorous and reasonable screening 
of subjects. The responses of participants who had used health-related QS apps were considered invalid. A total of 161 
valid questionnaires were collected and an effectiveness rate of 89.44% was recorded. In the descriptive experiment 

Figure 3 Effects of data presentation mode on continuance participation intention in different self-construal.
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group 41 were interdependent and 40 were independent; in the analytic experiment group 41 were interdependent, and 39 
were independent. Of the 161 respondents, 76 were male (47.20%), and 85 were female (52.80%).

Variable Measurement
The measurement of consumers’ continuance participation intention was similar to that in Experiment 1, and the measurement 
of consumers’ self-construal was similar to that in Experiment 2. In this study, SPSS and Mplus software were used to test 
reliability and validity, and the results are shown in Table 5. The Cronbach’s α coefficient of consumers’ continuance 
participation intention was 0.754. The Cronbach’s α coefficient of Interdependent self-construal was 0.863, and the 
Cronbach’s α coefficient of Independent self-construal was 0.853. The Cronbach’s α coefficients of all variables were greater 
than the acceptable level of 0.7, indicating that the scales had good reliability. The standardized factor loading value of each 
item was greater than 0.5, the CR value was greater than 0.7, and the AVE value was greater than 0.5, indicating that it had 
good convergent validity. In accordance with Yao et al’s41 classification method of consumers’ self-construal, the mean value 
of the respective items of interdependent and independent type was taken as the score of this variable; each group was then 
divided in two according to positive and negative score difference. Subjects with positive difference were interdependently 
self-construing, and those with negative difference were independently self-construing (MInterdependent Type = 0.638, SDDependent 

Type = 0.501, MIndependent Type = −0.590, SDIndependent Type = 0.421, t = 16.797, p < 0.001).

Results
Manipulation Check Results
An independent-samples t test was applied to the data obtained, and the results showed the two groups differed 
significantly in their perception of the presentation type of QS data (MDescriptive Type = 3.93, MAnalytic Type = 2.10, p < 
0.001). This clarified that the manipulation of the presentation type of QS data was successful.

Table 5 Reliability and Validity Results of Experiment 3

Variable Items Loading CR AVE

Continuance Participation Intention α=0.754 CPI 1 0.759 0.755 0.508
CPI 2 0.691

CPI 3 0.685

Interdependent self-construal α=0.863 ITSC 1 0.714 0.865 0.516
ITSC 2 0.760
ITSC 3 0.736

ITSC 4 0.720
ITSC 5 0.669

ITSC 6 0.707

Independent self-construal α=0.853 IDSC 1 0.717 0.856 0.544

IDSC 2 0.801

IDSC 3 0.625
IDSC 4 0.758

IDSC 5 0.775

Abbreviations: CR, composite reliability; AVE, average variance extracted.

Table 6 Testing the Interaction Effects of Data Presentation Type and Self-Construal on 
Consumers’ Continuance Participation Intention

Variable Degree of Freedom Mean Square F Value p value

Presentation type 1 0.317 1.616 0.206

Self-Construal 1 0.025 0.125 0.724
Type × Self-Construal 1 20.087 102.538 0.000

Error 157 0.196
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Formal Results
The data obtained in Experiment 3 made it possible to perform a two-way ANOVA of 2 (presentation type: descriptive vs 
analytic) × 2 (self-construal: interdependent vs independent). As Table 6 shows, the main effect of consumers’ self-construal 
on their QS continuance participation intention was not significant (p = 0.724), and neither was the presentation type of QS 
data (p = 0.206). The interaction effects of self-construal and the presentation type of QS data did, however, significantly affect 
consumers’ QS continuance participation intention (F = 102.538, p < 0.001), and Hypothesis H3 was accepted on this basis. 
As Figure 4 shows, when consumers were interdependently self-construing, the analytic data presentation was more effective 
than the descriptive data presentation at reinforcing their QS continuance participation intention (MAnalytic Type=4.203 vs 
MDescriptive Type=3.585, p<0.001), and Hypothesis H3a was accepted. When consumers were independently self-construing, 
the descriptive data presentation type was more effective at strengthening their QS continuance participation intention than the 
analytic data presentation type (MAnalytic Type=3.521 vs MDescriptive Type=4.317, p<0.001), and Hypothesis H3b was therefore 
accepted.

Discussion
This study used the health-related QS apps as a research object and drew on Social Cognitive Theory and Self-Construal 
Theory to analyze the influence mechanisms of the presentation characteristics of QS data on consumers’ continuance 
participation intention during QS process. This extends the research and application scope of both theories in the 
information systems field. The results of the three experiments answer the research questions asked at the beginning of 
the study.

First, this study showed that the presentation mode and presentation type of QS data had obvious interaction effects 
on consumers’ continuance participation intention. This implies that when data is presented in horizontal comparison, 
descriptive data presentation is more effective than the analytic type at enhancing consumers’ QS continuance participa-
tion intention. When data is delivered in vertical comparison, analytic data presentation is more effective than descriptive 
data presentation at enhancing consumers’ QS continuance participation intention. Shin and Biocca3 suggest that the 
interaction between feedback type and presentation mode has practical implications, and the results indicated that 
comparative feedback elicited a higher tendency for health preservation than non-comparative feedback in participants 
who received messages in text format.3 This is likely because comparison with others motivates users to change their 
behavior positively,37 and textual information is typically informative and analytic.50 The current study enriches research 
on the presentation characteristics of QS data by documenting the interaction effects of the presentation mode (horizontal 
comparison vs vertical comparison) and presentation type (descriptive vs analytical) on consumers’ QS continuance 
participation intention.

Figure 4 Effects of data presentation type on continuance participation intention in different self-construal types.
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Second, the study demonstrated that consumers’ self-construal and the presentation mode of QS data had significant 
interaction effects on consumers’ continuance participation intention. This implies that information system practitioners 
should consider individual differences when presenting QS data to consumers. When consumers are of the interdependent 
self-construal type, presenting data in horizontal comparison is more effective at strengthening their continuance 
participation intention than when it is presented in vertical comparison. When consumers are of the independent self- 
construal type, presenting data in vertical comparison can enhance their continuous participation intention more 
effectively than when it is presented in horizontal comparison.

Third, the study showed that consumers’ self-construal and the presentation type of QS data have significant 
interaction effects on consumers’ continuance participation intention. This has practical implications: when consumers 
are of the interdependent self-construal type, analytic data presentation can enhance their QS continuance participation 
intention more than the descriptive type do; conversely, when consumers are of the independent self-construal type, 
descriptive data presentation can enhance their QS continuance participation intention more than analytic data presenta-
tion do.

Theoretical Contributions and Managerial Implications
Theoretical Contributions
This study provides several theoretical contributions. First, it enriches the antecedents of consumers’ QS continuance 
intention from the perspective of QS data itself. Although previous research offers valuable insights into the factors that 
influence consumers’ QS continuance participation intention,8–10,51 most scholars approach the subject from the 
consumer’s perspective. The current study examines the impact of interface design (QS data presentation characteristics 
in information systems) on consumer perception from the perspective of consumer psychology, so as to strengthen 
consumers’ willingness to continue participating. It examines an understudied influence factor of consumers’ QS 
continuance participation intention—namely, the effect of presentation characteristics of QS data on consumers’ 
continuance participation intention. This enriches the research on human-computer interaction in information systems.

Second, previous studies mainly used Expectation Confirmation Theory, TAM and UTAUT to analyze the influence 
mechanism of information system continuance intention.32 The findings from the current study examine the specific 
impact(s) of psychological factors—such as internal and external motivation, outcome expectancy and self-efficacy—on 
the relationship between data presentation characteristics and consumers’ continuance participation intention. It uses 
Social Cognitive Theory to expand earlier research into the influencing factors on consumers’ willingness to use QS 
tools, including cognitive overload, internal and external participation motivation, self-efficacy, self-regulation and 
outcome expectancy (positive or negative). The current study analyzes the specific mechanism by drawing on Social 
Cognitive Theory and the joint influence of the social environment and self-cognition on a consumer’s willingness and 
behavior. This extends the research and application of the theory in the field of information systems, and shows that it 
provides a valuable theoretical perspective on the study of consumers’ participation in QS process.

Third, the study provides insights that will benefit the in-depth investigation of consumers’ QS problems, by 
integrating Self-Construal Theory with Social Cognitive Theory to discuss the interaction effects of consumers’ self- 
construal (interdependent vs independent) and data presentation characteristics on QS continuance participation intention. 
It does so from the perspectives of individual differences, motivational goals and cognitive style.

Managerial Implications
First, the current research highlights the importance of consumers’ continuance participation in QS process. QS tools, in 
the form of various health and fitness apps, are currently being used by consumers. The positive effects of QS, such as 
behavior optimization and improved health, can only be revealed through continual consumer participation. However, for 
a variety of reasons (including deficient privacy protection, inadequate personalized services, insufficient HCI, low self- 
efficacy, non-ideal outcome expectancy, poor data presentation, scant consumer resources (such as time and energy), 
unfriendly interface design and weak motivation) consumers often do not persist in QS process over time. Health and 
fitness app developers should therefore actively employ diversified management and technical methods that motivate and 
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guide consumers to continue their QS activities. This will benefit consumers and developers and enable a mutually 
satisfactory outcome.

Second, the study shows that developers can constantly optimize the presentation features of QS data. QS is a long- 
term process that enables consumers to recognize, reflect on and optimize their behaviors, based on the personal 
behavioral data that QS tools such as health and fitness apps deliver. The effective presentation of QS data plays 
a key role in encouraging consumers to continue to participate, and it also helps drive behavioral improvements. Health 
and fitness app developers should pay attention to, and continuously optimize, the presentation characteristics of QS data, 
as this will help reinforce consumers’ continuance participation intention. Developers should present consumers with 
various types of QS data in as many ways as possible, including horizontal and vertical comparison presentation modes, 
and descriptive and analytic data types. They should also understand the relationship between the presentation mode and 
type of QS data. For example, when data is displayed in horizontal comparison, the consumers’ objective original data 
should be presented to them; when data is delivered in vertical comparison, data analysis results and behavioral 
improvement recommendations should be provided.

Another useful insight that can be derived from the current study is that app developers should improve the match 
between QS data presentation and consumers’ self-construal types. Self-construal varies greatly between consumers, but 
can generally be divided into interdependent and independent types. These types have different preferences regarding the 
presentation mode and type of QS data, and this affects their continuance participation intention. Health and fitness app 
developers should make full use of the consumer behavior data they have, and competently analyze and identify the self- 
construal types of their users. Targeted management should be performed on the basis of these differences in cognitive 
style. Personalized interfaces and autonomous tool options would enable dynamically matched the presentation mode and 
presentation type of QS data, and consumer self-construal types. This would provide a long-term enhancement of 
consumers’ QS continuance participation intention.

Limitations and Future Directions
First, using only students (a relatively uniform group) as experimental subjects may not adequately represent users of health- 
related QS apps, and this affects the universality of the study’s conclusions. Future research should consider the influence of 
individual heterogeneity factors such as age, occupation and experience of using QS tools on consumers’ QS continuance 
participation intention, so as to address this issue. Second, the presentation of virtual health app scenarios in the form of short 
videos lacked design authenticity. Future research should consider using more realistic experiment scenarios. If conditions 
permit, for example, a real and available health-related QS app will be developed and made available. Participants will be 
invited to use it for a period of time, record their use and perception, and measure their continuance participation intention in 
health-related QS activities. Third, this study only examined the impact of the data presentation characteristics of health- 
related QS apps on consumers’ continuance participation intention, and did not discuss other kinds of QS app, to which the 
results may not be applicable. Future research should explore other QS apps, to expand the generalizability of results. Finally, 
there may be three interaction effects between the presentation mode and presentation type of QS data and consumers’ self- 
construal, into which future research should conduct an in-depth and systematic analysis.

Conclusion
Drawing on Social Cognitive Theory and Self-Construal Theory, this study explored the influence mechanisms of the 
presentation mode and type, and consumers’ self-construal on their continuance participation intention. The first 
experiment’s findings verified that the presentation mode and presentation type of QS data had interaction effects on 
consumers’ continuance participation intention; the second experiment showed that consumers’ self-construal and the 
presentation mode of QS data had interaction effects on their QS continuance participation intention; and the third 
experiment found that consumers’ self-construal and the presentation type of QS data have interaction influences on their 
continuance participation intention. The study provides a new perspective for our understanding of consumers’ QS 
problems and extends the research field and application scope of Social Cognitive Theory in the field of information 
systems. It also gives direct guidance for the optimization of presentation features of QS data and the matching between 
QS data presentation and consumers’ self-construal types.
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