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Abstract 

Background:  Currently no study has investigated whether Web-based interactive technology can influence females 
to adopt healthy behaviors. We investigated how and under what conditions do Web-based interactivity influence 
vaccination intentions among young females.

Methods:  In this randomized controlled trail, we conduct a 2 (mode of information presentation: narrative vs. data 
visualization) × 2 (interactivity: interactive information vs. noninteractive information) between-groups design. A total 
of 180 Chinese female undergraduate students who had never received HPV vaccination were randomly allocated 
to 4 experimental groups. Each participant was assessed for their information avoidance behavior and vaccination 
intention. The hypotheses were tested using a moderated mediation model. All analyses were performed using SPSS 
version 22.0 with probability set at 0.05 alpha level.

Results:  The indirect relationship between interactivity and behavioral intention though information avoidance was 
moderated by the mode of presentation. Under the narrative condition, interactivity (vs. non-interactivity) decreased 
information avoidance and increased the intention to receive HPV vaccination (B = -.23, SE = 0.10, P < 0.05). However, 
under data visualization condition, no significant difference was observed between the effects of interactivity and 
non-interactivity on intention.

Conclusion:  The findings suggest that when young females experience difficulties in manipulating or understanding 
HPV-related information, their information-avoidance behavior is likely to increase. Rather than use interactive statisti-
cal or graphical information, young females are more likely to be persuaded by interactive narratives.

Keywords:  Human papillomavirus, Web-based interactivity, Narratives, Data visualization, Information avoidance, 
HPV vaccination intention
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Background
Persistent human papillomavirus (HPV) infection has 
been associated with the development of malignancies 
such as cervical and oropharyngeal cancers [1]. At the 
beginning of 2020, a relativity affordable (about US$140) 
domestic bivalent HPV vaccine (Cecolin) was approved 
and put on the market in mainland China. However, 
a meta-analysis of 53 articles with 82,813 respondents 
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showed that only 17.13% of young women are aware of 
the HPV vaccine and nearly half have not accepted to be 
vaccinated [2]. The primary reasons for not accepting the 
vaccine included concerns of side effects, lack of suffi-
cient knowledge, low awareness [3] and moral obligation 
and STD-related stigma [4]. Interventions that increase 
knowledge about HPV, a common virus that cause six 
types of cancer, and HPV vaccine are among the key 
approaches used to promote HPV vaccination in China.

Since women are more likely to search for health-
related information online or ask family members or 
friends [5], they are a target group likely to benefit from 
healthcare information offered online. Of note, women 
are less receptive of information concerning sexually 
transmitted diseases such as HIV/AIDS or HPV pub-
licly in fear of being ostracized or stigmatized [6]. Such 
women feel shielded from embarrassment and being 
judged when accessing health information online since 
it is a private and anonymous platform [7]. Against this 
background, governments and mass media companies 
now provide information related to HPV vaccination 
targeting women through eHealth programs with aim of 
encouraging them to accept HPV vaccination [8].

With the rapid development of smartphones, multime-
dia and the internet tools, web-based interactive technol-
ogy is considered an important user-driven tool through 
which health scientific information can be understood 
[9]. Users can interact with the information by clicking, 
dragging, and zooming, hence they can get closer to the 
information almost anytime and anyplace [10]. Interac-
tive technology enable users to access large amount of 
information based on their natural perceptual abilities 
[11]. For example, Pedigree Visualization and Navigation 
(PViN), an interactive information tool, helps practition-
ers and patients better to understand the risks associated 
with hereditary diseases [11]. Similarly, the web-based 
interactive software Medhisory allows efficient viewing 
of medication information [12].

Moreover, web-based interactivity among females is 
critical for promotion of HPV vaccination since women 
or girls are the primary target for HPV vaccination. 
Research from a techno-anxiety perspective has shown 
that individuals may be hesitant, fearful, or simply 
unwilling to use new technology [13]. Some research-
ers have argued that women are more likely than men to 
report higher techno- or computer anxiety [14–16] and 
generally avoid manipulating products that require an 
element of skill [17]. As a result, investigations should be 
conducted to determine how gender impacts the design 
of interactive health information and its application.

Although there is ample evidence that eHealth moti-
vates women to search for healthcare information [7, 
18], few studies have investigated the persuasiveness of 

Web-based interactive information on women. To close 
this gap, we combined the theory of information avoid-
ance [19] and the limited capacity model of motivated 
mediated messages (LC4MP) developed by Lang [20] 
to investigate the design and persuasive effect of Web-
based interactive health information on women. The 
specific aims of this study followed the techno-anxiety 
perspective. They include: [1] conduct a between-groups 
experimental study on 180 unvaccinated (HPV vaccine) 
Chinese females using/not using Web-based interactive 
technology; [2] explore the acceptability of Web-based 
interactive messages related to cancer among unvac-
cinated young females; [3] investigate the interplay 
between interactivity and the presentation of information 
to extend our understanding of the nature of interaction 
with interactive features and message content, and how 
it induces information avoidance behavior and further 
influences vaccination intention.

Literature review
Web‑based interactive technology and health behavioral 
intention
Interactivity refers to the “technological attributes of 
mediated environments that enable reciprocal commu-
nication or information exchange, which afford interac-
tion between communication technology and users, or 
between users through technology” [21]. Specifically, 
the current study defines interactivity as accessing Web-
based information using a mouse or touchscreen through 
pointing, clicking, scrolling, dragging or flipping to 
manipulate the content [22].

Interacting with information is expected to shape more 
positive perceptions and attitudes, which may enhance 
users’ behavioral intentions to follow the advice provided 
[23, 24]. Lu et  al. [25] modelled four websites designed 
to promote physical activity among college students and 
found that Web interactivity affected participants’ inten-
tions to visit a fitness center. O’Leary et al. [26] examined 
the impact of Web-based interactivity on the uptake of 
maternal vaccines and demonstrated that the website 
with vaccine information and interactive social media 
components positively influenced vaccine uptake.

Although Web-based interactive technology seems to 
increase the persuasiveness of health messages, previ-
ous studies on interactivity have focused primarily on 
interactions among people and Web2.0 technology such 
as sharing, tagging, and instant messaging [27], or on-
screen interaction techniques for promoting goods on 
e-commerce sites [28]. There is insufficient evidence that 
the typical type of interactivity interfaced with health 
content can enhance awareness of HPV and behavioral 
intentions to obtain the vaccine.
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Web‑based interactivity, LC4MP and information 
avoidance
Information overload motivates information avoidance 
[29]. Information avoidance refers to behavior intended 
to avoid the acquisition of available information [30]. 
Individuals are more likely to avoid useful information if 
it causes them to feel anxious [31]. Studies from a psy-
chosocial perspective have indicated that individuals 
may eschew information to avoid distress [32], prevent a 
change in belief [30], or delay an undesired action [33]. 
On the other hand, studies based on LC4MP suggest that 
people have a limited capacity to engage in the tasks of 
encoding, storage, and retrieval of information. If a task 
requires a high level of encoding that dominates cogni-
tive resources, it leaves insufficient resources available 
for information storage and retrieval [20, 28]. Informa-
tion avoidance occurs when people encounter complex 
or incomprehensible information that overwhelms their 
limited information processing capacities [34]. Interac-
tive information is more complex to manipulate than 
static information and may compete for limited cogni-
tive resources and trigger cognitive overload. Thus, we 
propose:

Hypothesis 1  Interactivity in the delivery of HPV 
vaccine-related information will increase information 
avoidance.

Information avoidance is detrimental to public health 
because it is negatively related to health knowledge and 
the adoption of preventive behaviors [35]. Pomares et al. 
[36] examined the link between cognitive processes and 
HPV vaccine hesitancy among parents of adolescents and 
found that information avoidance was associated with 
vaccine hesitancy. We therefore propose:

Hypothesis 2  Information avoidance influences the 
behavioral intention to obtain the HPV vaccine.

Hypothesis 3  Information avoidance mediates the 
effect of interactivity on the intention to receive the HPV 
vaccine.

Narratives and data visualization
Narratives and statistics are the two most common ways 
to present information about HPV vaccination to the 
public. Narratives, in the form of storytelling, increase 
non-experts’ comprehension of, interest in, and engage-
ment with HPV information [37]. Conversely, the gov-
ernment and NGOs tend to emphasize the risks of HPV 
and the importance of vaccination using statistics and 

probabilities, and data visualization is often used to pre-
sent quantitative data [38]. However, a significant pro-
portion of the general public has low graphic literacy. 
Narrative information is often more powerful than statis-
tical information [39–41].

Interactive narratives and interactive data visualiza-
tion are processed in qualitatively different ways. Inter-
active narratives allow users to control the direction of 
the story’s plot. They are seen as a useful tool to increase 
the audience’s knowledge about a health issue and change 
health behavior [42]. Users enact and drive the narra-
tive rather than merely witnessing the story, so it is more 
immersive and entertaining than a traditional program. 
Although interactive narratives require some familiarity 
with technology, the interactive element does not make 
them more difficult to understand than traditional nar-
ratives [43]. In contrast, interactive data visualization 
is basically descriptive and collective, and thus requires 
more cognitive resources to understand than an inter-
active narrative. Interactive features such as scrolling, 
zooming, and dragging are more complicated to manipu-
late. Therefore, information avoidance may be less likely 
to occur with an interactive narrative because it is easy 
to manipulate and is more immersive than a traditional 
narrative. However, compared with static data visualiza-
tion, interactive data visualization may increase informa-
tion avoidance because manipulation of the interactive 
elements may magnify the difficulty of understanding the 
data and graphs, thus dominating cognitive resources and 
resulting in overload. As the effect of interactivity may 
vary under different modes of presentation, we propose:

Hypothesis 4  The mode of information presentation 
moderates the effect of interactivity (vs. non-interactiv-
ity) on users’ information avoidance such that the effect 
of interactivity will more persuasive under the narrative 
than the data visualization condition.

Methods
Participants
The study was in accordance with the 1964 Declaration 
of Helsinki and its later amendments or comparable ethi-
cal standards. Ethics approval was obtained from Zhong-
nan University of Economics and law Ethics Committee. 
Information about the study was sent via the WeChat app 
to undergraduate students at a public university in cen-
tral China. The screening was performed using a 2-min 
online survey. Eligible participants were selected accord-
ing to the following criteria: [1] female, [2] unvaccinated 
and not due to be vaccinated in the next 3  months, [3] 
aged 18 to 22, [4] Han nationality, [5] not a medical stu-
dent and no immediate family members working in 
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medicine, and [6] frequent social media use. This process 
resulted in the recruitment of 183 participants. A power 
analysis was conducted using Gpower software [44]. The 
analysis indicated that a total sample size of 171 was 
required to achieve medium to large effect sizes (Cohen’s 
f = 0.25) [45]. Therefore, we randomly selected 180 of 
the 183 eligible participants. Every participant received 
monetary compensation after completing the study. 
All participants gave written informed consent before 
participation.

Experimental conditions
A 2 (interactivity of information delivery: interactive vs. 
non-interactive) * 2 (mode of information presentation: 
narrative vs. data visualization) between-groups design 
was adopted. The stimulus materials were designed 
based on data from the National Health Commission of 
the People’s Republic of China and National Bureau of 
Statistics of China, which provide information on HPV 
infection in China over the past 18  years, the relation-
ship between HPV infection and different cancers, and 
the effectiveness of the HPV vaccine in preventing can-
cer. Using these data, a professional Web designer con-
structed four Web pages, one for each condition: a. 
interactive data visualization; b. static visualization; c. 
interactive narrative; and d. non-interactive narrative. 
The 2*2 experimental design is shown in Fig. 1. All con-
ditions contained HPV/HPV vaccine knowledge, such 
as “HPV infections are common,” “HPV infections cause 
cervical cancer,” “Some HPV infections can lead to other 
cancers,” and “Prevent cancer with the HPV vaccine.” The 
data visualization conditions conveyed knowledge via 
data visualization whereas the narrative conditions com-
municated knowledge using a short story written in the 
third person. The interactive and static data visualization 
conditions shared the same information. The only dif-
ference between them was whether interactive features 

were included. Participants in the interactive condition 
could change the online content using mouse-based 
actions such as clicking and dragging. For example, there 
was a heat map with HPV infection rates for each prov-
ince in China in 2018. The clickable heat map allowed 
participants to freely check each province by clicking on 
the province or selecting the province from a drop-down 
list. The heat map also contained a mouse hover feature 
(Please See Fig.  2, left). Participants in the static data 
visualization condition received the same information 
but with no interactive elements (Please See Fig. 2, right). 
The narrative condition included a story about a fictional 
young female named XiaoA who had an HPV infection. 
The story contained four sections: being diagnosed with 
HPV during a premarital examination, working at the 
office, dealing with her interpersonal relationship, and 
talking to her doctor. Under the interactive condition, 
participants were allowed to choose the path XiaoA took 
by clicking the buttons below each event (Please See 
Fig. 3, left). In the static condition, a summary text was 
provided (Please See Fig. 3, right). The information pro-
vided in the data visualization was delivered in the narra-
tive via the characters’ (e.g. the doctor’s) dialogue or rec
all.

Procedure
The study was conducted in a classroom with a projec-
tor. After a brief introduction to the study, participants 
were asked to sit a certain distance from each other to 
prevent discussion. Then, they were asked to scan a QR 
code shown on the projector to enter the experiment’s 
Web page. On the first page, they read the instructions 
and answered a set of questions to assess their knowledge 
of HPV and the HPV vaccine. Then they were randomly 
assigned to one of four experimental conditions by click-
ing the link at the end of instruction page. The experi-
ment was presented on participants’ smartphones where 
they could read or interact with the information. Finally, 
after viewing the health information, they completed 
an online questionnaire that measured their informa-
tion avoidance, intention to obtain the HPV vaccination, 
and demographic information. The whole process lasted 
about 40 min.

Measures
Induction checks
The effectiveness of the interactive treatment was 
assessed with two items adapted from Oh and Sundar 
[24]. Participants were asked to indicate “how interac-
tive the web page is” and “how the page allows you to 
perform interactive actions” on a 7-point Likert scale 
(7 = very much, 1 = not at all). Similarly, the effective-
ness of the information presentation manipulation was 
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Fig. 1  Experimental design (N = 180)
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measured using items adapted from Zhang and Wang [8]. 
Participants rated whether the information they read was 
supportive of obtaining the HPV vaccine using (a) nar-
ratives, for example, lay-reports or messages containing 
personal experiences, or (b) data visualization, for exam-
ple, encouraging vaccination by providing and explaining 
statistical evidence or graphs (1 = narrative to 7 = data 
visualization).

Behavioral intention
Behavioral intention over the next 3  months was meas-
ured using three items adapted from Gerend et al. [46]. 
The items were “I intend to search for more information 
related to HPV vaccination,” “I may obtain the HPV vac-
cination,” and “I intend to consult with friends or doc-
tors about the HPV vaccine” (Cronbach’s α = 0.899). 
Responses were given on a 7-point Likert scale.

Fig. 2  Data visualization with high interactivity (left) and low interactivity (right). *The materials were translated from Chinese and interactive part 
was circled in red
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Mediating variables
Information avoidance was measured using three items 
modified from Howell and Shepperd [47]: “I would avoid 
reading news related to HPV,” “I would rather not read this 
news,” and “I want to read the news immediately” (reverse-
scored item) (Cronbach’s α = 0.782). Responses were given 
on a 7-point Likert scale.

Results
Descriptive statistics and induction check
The participants reported a medium level of knowl-
edge about HPV (M = 4.80, SD = 1.21) and a low level of 
knowledge about HPV vaccination (M = 3.67, SD = 1.90). 
We  compared the participants’ characteristics across the 
four treatment groups using ANOVA and Fisher’s exact 

Fig. 3  Narratives with high interactivity (left) and low interactivity (right). *The materials were translated from Chinese and interactive part was 
circled in red
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test. The characteristics of the participants across all four 
groups were balanced, with no significant differences 
among the group (Please see Table  1). Also, all of the 
participants were female undergraduate students with 
Han nationality. Thus, the results suggested that random 
assignment was appropriate.

The manipulation of interactivity and mode of infor-
mation presentation was successful. An independent 
t-test demonstrated that females who viewed the inter-
active information had significantly higher perceptions 
of interactivity (M interactivity = 6.48, SD = 0.84) than par-
ticipants who viewed the noninteractive information (M 
non-interactive = 1.21, SD = 0.97), P < 0.001). Similarly, partic-
ipants who were in the narrative condition perceived sig-
nificantly higher levels of storytelling (M narratives = 1.24, 
SD = 0.46) than females in the data visualization condi-
tion (M data visualization = 6.86, SD = 0.52), P < 0.001. Table 2 
summarizes the descriptive statistics of information 
avoidance, behavioral intention, and knowledge about 
HPV and HPV vaccination.

Effects of experimental conditions
The interactivity of the information significantly influ-
enced the information avoidance of participants: interac-
tivity (M = 2.71, SD = 1.46) resulted in higher information 
avoidance than non-interactivity (M = 2.21, SD = 1.27), F 
[1, 174] = 5.11, p < 0.05, η2 partial = 0.03. A significant inter-
action effect was not observed on information avoidance.

Next, we assessed the participants’ behavioral inten-
tions. The presentation of information significantly 
moderate the effect of interactivity on behavioral 

intention: F [1, 174] = 13.01, p < 0.001, η2
partial = 0.07. 

A post-hoc test revealed that under the narrative con-
dition, interactivity (M = 5.51, SD = 1.47) resulted in 
higher behavioral intention to get the vaccination than 
non-interactivity (M = 4.72, SD = 1.46). In comparison, 
under the data visualization condition, non-interactivity 
(M = 5.21, SD = 1.71) resulted in higher behavioral inten-
tion to get the vaccination (M = 4.63, SD = 1.81) than 
interactivity (In Fig. 4).

Hypothesis testing and research questions
To answer the research questions and test the hypoth-
eses, we tested a moderated mediation model in which 
significant mediation effects were assumed to be moder-
ated by the mode of presentation. The model fit showed 
satisfactory results: χ2 = 35.50, df = 20, χ2/df = 1.77, 
RMSEA = 0.06, CFI = 0.99, TLI = 0.97. Interactivity 
(vs. non-interactivity) increased information avoidance 
(B = 0.588, SE = 0.183, P < 0.01) (H1) and information 
avoidance further decreased willingness to receive the 
HPV vaccination (B =  − 0.25, SE = 0.08, P < 0.01) (H2). 
H1 and H2 were supported. The indirect effect of inter-
activity on behavioral intention was significant (indirect 
effect = -0.14, P < 0.05) and information avoidance played 
a full mediating role. The finding corroborated H3.

According to H4, the indirect relationship between 
interactivity and behavioral intention through informa-
tion avoidance is moderated by the mode of presentation. 
The interaction effect between interactivity and informa-
tion presentation was significant influence information 
avoidance (B =  − 0.58, SE = 0.268, P < 0.05). H4 was also 
corroborated. We then examined the conditional indirect 
effects of the interactivity on information avoidance at 
two values of information presentation. Under the nar-
rative condition, the mediation effect was significant: 
interactivity increased willingness to obtain the injection 
(B =  − 0.23, SE = 0.10, P < 0.05). However, in the data vis-
ualization condition, intentions to obtain the HPV vac-
cine did not differ significantly between the interactive 
and non-interactive conditions (Please See Fig. 5).

Table 1  Participants’ characteristics by treatment group

Variable Group 1 Group 2 Group 3 Group 4 P value

Age (years) 19.41 18.78 20.17 19.54 P = 0.76

Birthplace P = 0.89

North 5 (4.4) 4 (8.8) 4 (8.8) 3 (6.7)

South 6 (13.3) 9 (15.6) 5 (11.1) 8 (11.1)

East 7 (15.6) 5 (11.1) 8 (17.8) 9 (20)

West 10 (22.2) 11 (24.4) 7 (15.6) 12 (26.7)

Central 17 (44.4) 16 (40) 21 (46.7) 13 (35.6)

Table 2  Descriptive statistics of the main variables

Variables M SD Items N

Information avoidance 2.46 1.34 3 180

Behavioral intention 5.02 1.65 3 180

Knowledge about HPV 4.80 1.21 4 180

Knowledge about HPV vaccination 3.67 1.90 3 180

Fig. 4  Effects of interactivity on behavioral intention in the narrative 
and data visualization conditions
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Discussion
In this study, a moderated mediation model was used 
to test the hypothesis of the study, connect Web-based 
interactivity with HPV information avoidance and will-
ingness to obtain HPV vaccination. We also explored 
whether using interactivity in the presentation of infor-
mation increased information avoidance and HPV vac-
cination intention. The main findings of the study were 
that Web-based interactive technology may not be eas-
ily accepted but narratives may improve understanding, 
acceptability and effectiveness of the technology among 
female participants. These findings are consistent with 
those reported previously indicating that participants 
without major technical challenges have positive percep-
tion of interactive tool [48].

We further examined the influence of Web-based 
interactive technology on information avoidance among 
young females, which is often ignored. Quantitative 
analysis revealed that Web-based interactive informa-
tion might not be readily accepted by young females. 
Female participants in interactive group reported higher 
information avoidance (M = 2.71, SD = 1.46) than those 
who viewed non-interactive information (M = 2.21, 
SD = 1.27), F [1, 174] = 5.11, p < 0.05. The results are 
consistent with the limited capacity model of motivated 
mediated message processing suggesting that compli-
cated interactive features compete for limited cognitive 
resources, leading to cognitive resource overload and 
information avoidance [28].

Although Web-based interactive technology hinders 
the acceptability of messages among young females in 
general, the presentation of interactive information 
moderates the effect. The narrative may help improve 

understanding, acceptability and effectiveness with Web-
based interactive messages. Under the narrative condi-
tion, Web-based interactivity significantly decreased 
information avoidance, whereas under the data visu-
alization condition, interactivity increased information 
avoidance. When the information was presented via 
data visualization, the collective aggregated data hin-
dered users from understanding the real meaning of 
the data. The graphs and numbers emphasizing several 
HPV-associated cancers and the exponential growth rate 
of infection, together with the enhanced complexity of 
manipulating the information, increased information 
avoidance. Conversely, the interactive narrative pre-
sented as a user-friendly Webpage allowed the users to 
decide the direction of the plot and implicitly conveyed 
the consequences of HPV and the necessity of HPV vac-
cination. The findings are consistent with those of pre-
vious research. Xu and Sunder [28] also indicated that 
because interactive data visualization requires a high 
level of cognitive engagement, users spend less time on 
highly interactive websites. Interactive narratives, in con-
trast, facilitate deeper immersion into the story’s charac-
ters [42] and reduce information avoidance [10].

Web-based interactive technology did not affect the 
willingness to accept the HPV vaccine directly but infor-
mation avoidance played a complete mediatory role. If 
the manipulation of interactive features demands users’ 
limited cognitive resources, they may have insufficient 
resources to understand or concentrate on the content. 
This would make it difficult for young females with insuf-
ficient cognitive resources to engage themselves in the 
information and hence increase their vaccination inten-
tion. Many studies have investigated the mediating effect 

Informa�on 
Interac�ve

(Noninterac�ve=0, 
Interac�ve=1)

Interac�ve * 
informa�on 
presen�on

.588**(H1)

-.580*(H4)

.026ns Behavioral 
inten�on

-.252**(H2)

Fig. 5  Moderated mediation model. χ2 = 35.50, df = 20, χ2/df = 1.77, RMSEA = 0.06, CFI = 0.99, TLI = 0.97. Note: The statistics represent standardized 
regression coefficients
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of message involvement on the effect of interactivity on 
behavioral intention. Generally, participants engage 
more in information presented, generate more positive 
attitudes toward the information, and are more eager to 
follow the guidance of the information [49]. Considering 
the results of previous studies, we assume that message 
involvement only happens when the interactive func-
tion matches the information well, or when users have 
enough resources to handle interactive information. The 
path from interactivity to behavioral intention may first 
go through information avoidance, allowing immersion, 
information involvement, or empathy to happen. Further 
study on distal mediators is required.

Finally, presentation of information moderated the 
effect of interactivity on behavioral intention to receive 
HPV vaccination. The difference between the effect of 
Web-based interactivity and noninteractivity on vaccina-
tion willingness was only significant under the narrative 
condition. Previous studies on the effect of interactivity 
have reported inconsistent results. One study found that 
Web-based interactivity was more effective in recom-
mending health behaviors than noninteractive media 
[50]. However, another found no significant difference 
between interactive and noninteractive media [51]. The 
results of the current study may explain these contrast-
ing results. On one hand, data visualization was associ-
ated with lower willingness to receive vaccination among 
females for both web-based interactive and non-inter-
active groups. Both conditions increased information 
avoidance and decreased vaccination intention. Maybe 
the presentation of collective data, which can easily result 
in health information avoidance, is not the best approach 
to persuade females to receive HPV vaccination. On the 
other hand, interactive narrative increased willingness to 
receive vaccination among females than static narrative 
information. Young women find Web-based interactive 
information compelling or convincing only when they 
have enough resources to handle interactivity. For exam-
ple, the interactive narrative effectively convince females 
to get vaccinated.

Limitations
The current study has some limitations. First, the number 
of participants was small and comprised only educated 
female participants. They mostly have had a higher level 
of mathematical literacy than females with a lower educa-
tion level. Thus, they may have been more able to manip-
ulate the interactive information and understand the data 
visualization, despite the other complicated interactive 
features competing for their limited cognitive resources. 
Therefore, this study may not repesent the general young 
female population, which limits the generalizability of 
the results. The moderate between-groups effect is likely 

to be more significant in non-student samples. Second, 
it would be better to explore participants’ behavioral 
intentions over a longer-term (e.g., 2  weeks), to pro-
vide a more valid assessment of the causal relationship 
between health message and vaccination intention. Third, 
the stimulus materials for the interactive narratives was 
presented in text boxes, which required little more inter-
action than flipping from page to page. Finally, we used 
“tableau” software to create the graphs for the interactive 
data visualization, which were embedded within the web 
page; however, because the service of “tableau gallery” is 
based in the USA, the loading speed for the interactive 
graphs varied based on the speed of the mobile sensor 
nodes. This meant that the participants’ experiences of 
the interactive data visualization differed, although they 
had read the textual information first.

Conclusions
Although researchers, clinicians and government are 
developing Web-based interactive tools to provide 
healthcare information that is specific, acceptable and 
interactive for among young females [10]. This study 
provides both theoretical and practical implications of 
the Web-interactive interface tools. From the theoretical 
perspective, the established research model provides a 
new mechanism to explain the persuasive effect of Web-
based interactive information on health behavioral inten-
tion. The relationship between Web-based interactivity 
and behavioral intention through information avoidance 
was moderated by the mode of presentation. The con-
structs of information avoidance and presentation of 
information are merged into the model, which effectively 
helps to understand how and why the Web-based inter-
activity works, and hence how outcomes can be further 
improved. From the practical perspective, this research 
is particularly important for public health department 
and mass media as it provides insights on females, the 
target of HPV vaccination. First, the level of interactiv-
ity is not the higher the better. Higher interactivity may 
lead techno-anxiety and it should have been taken into 
consideration. Young females tend to avoid HPV-related 
information because they fear manipulation by com-
plex information. Second, simple and familiar designs of 
interactivity are preferred by females for receiving health 
information, and these formats decrease their informa-
tion avoidance. Young females are more likely to be per-
suaded by an interactive narrative than by interactivity 
in statistical or graphical information. An appropriate 
plot of narratives can decrease information avoidance, 
increase sympathy towards the patient portrayed in the 
story, and hence vaccination intention. Because com-
puter literacy appeared to be essential for information 
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processing, computer skills should be taken into account 
when designing interactive health information.

Acknowledgements
We want to thank all the young females who participated in the study. We 
also thank Dr. Banuhan Şahin and reviewers for their helpful comments on this 
paper.

Authors’ contributions
Dr. Qi Wang completed all statistical and data analysis. Dr. Wen Zhang contrib-
uted to the writing and editing of this manuscript. Both authors contributed 
to the design and implementation of the research. Both authors read and 
approved the final manuscript.

Funding
This research received financial support from “the Fundamental Research 
Funds for the Central University”, Zhongnan University of Economics and Law 
(2722020JCT018); Project of “the Publicity Department of Hubei Provincial 
Party Committee and Zhongnan University of Economics and Law Co-
construction Journalism School” (2020-2-2-05); the High Level Talent Funds of 
Hubei University of Technology (BSQD20200072).

Availability of data and materials
The datasets used and/or analyzed during the current study are available from 
the corresponding author on reasonable request.

Declarations

Ethics approval and consent to participate
Zhongnan University of Economics and Law Ethics Committee granted ethical 
approval for this study. All participants gave written informed consent before 
participation.

Consent for publication
Not applicable.

Competing interests
The authors declare that they have no known competing financial interests 
or personal relationships that could have appeared to influence the work 
reported in this paper.

Author details
1 School of Industrial Design, Hubei University of Technology, 28 Nanli Road, 
Wuhan 430068, People’s Republic of China. 2 School of Journalism and Culture 
Communication, Zhongnan University of Economics and Law, 182 Nanhu 
Avenue, Wuhan 430073, People’s Republic of China. 

Received: 18 April 2021   Accepted: 20 July 2021

References
	1.	 Mbulawa ZZA, Coetzee D, Williamson AL. Human papillomavirus preva-

lence in South African women and men according to age and human 
immunodeficiency virus status. BMC Infect Dis. 2015;15:459.

	2.	 Yu Z, Chen C, Zhang D, Song X, Qu LPB. A meta analysis of HPV 
vaccine awareness rate and acceptability in Chine. Chin J Heal Stat. 
2017;4(34):578–82.

	3.	 Hu TJ. Q Zhu WC. A survey on the parents’ knowledge of HPV vaccine and 
their vaccination intention in Shanghai. Chi J Viral Dis. 2018;8(3):60–6.

	4.	 Gu C, Niccolai LM, Yang S, Wang X, Tao L. Human papillomavirus vaccine 
acceptability among female undergraduate students in China: the role of 
knowledge and psychosocial factors. J Clin Nurs. 2015;24(19–20):2765–78.

	5.	 Tong V, Raynor D, Aslani P. Gender differences in health and medicine 
information seeking behaviour: a review. J Malta Coll Pharm Pract. 
2014;2014:20.

	6.	 Murphy DA, Roberts KJ, Hoffman D. Stigma and ostracism associated 
with HIV/AIDS: children carrying the secret of their mothers’ HIV + 
serostatus. J Child Fam Stud. 2002;11:191.

	7.	 Verhoeks C, Teunissen D, van der Stelt-Steenbergen A, Lagro-Janssen A. 
Women’s expectations and experiences regarding e-health treatment: a 
systematic review. Health Informatics J [Internet]. 2019;25(3):771–87.

	8.	 Zhang W, Wang Q. The failure of news coverage supportive of human 
papillomavirus vaccination: the investigation of the effects of online 
comments on female college students’ vaccination intention. Vaccine 
[Internet]. 2019 Sep;37(38):5681–7.

	9.	 Rubinelli S, Collm A, Glässel A, Diesner F, Kinast J, Stucki G, et al. Designing 
interactivity on consumer health websites: PARAFORUM for spinal cord 
injury. Patient Educ Couns. 2013;93:459.

	10.	 Oh J, Lim HS, Copple JG, Chadraba EK. Harnessing the persuasive poten-
tial of data: the combinatory effects of data visualization and interac-
tive narratives on obesity perceptions and policy attitudes. Telemat Inf 
[Internet]. 2018 Sep;35(6):1755–69.

	11.	 Faisal S, Blandford A, Potts HW. Making sense of personal health informa-
tion: challenges for information visualization. Health Inf J. 2013;19:198.

	12.	 Gordon WJ, Bhan I. Graphical timeline software for inpatient medication 
review. Health Inf J. 2019;25:62.

	13.	 Bawden D, Robinson L. The dark side of information: overload, anxiety 
and other paradoxes and pathologies. J Inf Sci. 2009;35:180.

	14.	 Pouchieu C, Méjean C, Andreeva VA, Kesse-Guyot E, Fassier P, Galan P, 
et al. How computer literacy and socioeconomic status affect attitudes 
toward a Web-based cohort: results from the NutriNet-Santé study. J Med 
Internet Res. 2015;17:34.

	15.	 Or CKL, Karsh BT. A systematic review of patient acceptance of consumer 
health information technology. J Am Med Informatics Assoc. 2009;16:550.

	16.	 Ursavaş ÖF, Teo T. A multivariate analysis of the effect of gender on 
computer anxiety among elementary school teachers. Br J Educ Technol. 
2011;42:E19.

	17.	 Delfabbro P. Australasian gambling review (1992–2008). In: gambling 
research. 2012.

	18.	 Kumar S, Nilsen W, Pavel M, Srivastava M. Mobile health: revolutionizing 
healthcare through transdisciplinary research. Computer (Long Beach 
Calif ). 2013;46(1):28–35.

	19.	 Deline MB, Kahlor LA. Planned risk information avoidance: a proposed 
theoretical model. Commun Theory. 2019;39:360.

	20.	 Lang A. The limited capacity model of mediated message processing. J 
Commun [Internet]. 2000 ;50(1):46–70.

	21.	 Bucy EP, Tao C-C. The mediated moderation model of interactivity. Media 
Psychol [Internet]. 2007 ;9(3):647–72.

	22.	 Sundar SS, Bellur S, Oh J, Xu Q, Jia H. User experience of on-screen 
interaction techniques: an experimental investigation of clicking, sliding, 
zooming, hovering, dragging, and flipping. Hum Comput Interact [Inter-
net]. 2014;29(2):109–52.

	23.	 O’Brien HL, Cairns P, Hall M. A practical approach to measuring user 
engagement with the refined user engagement scale (UES) and new UES 
short form. Int J Hum Comput Stud [Internet]. 2018;112:28–39.

	24.	 Oh J, Sundar SS. How does interactivity persuade? An experimental test 
of interactivity on cognitive absorption, elaboration, and attitudes. J 
Commun [Internet]. 2015 ;65(2):213–36.

	25.	 Lu Y, Kim Y, Dou X, (Yuki), Kumar S, . Promote physical activity among 
college students: Using media richness and interactivity in web design. 
Comput Human Behav [Internet]. 2014;41:40–50.

	26.	 O’Leary ST, Narwaney KJ, Wagner NM, Kraus CR, Omer SB, Glanz JM. 
Efficacy of a web-based intervention to increase uptake of maternal vac-
cines: an RCT. Am J Prev Med [Internet]. 2019 Oct;57(4):e125–33.

	27.	 Kamel Boulos MN, Wheeler S. The emerging Web 20 social software: an 
enabling suite of sociable technologies in health and health care educa-
tion 1. Heal Inf Libr J [Internet]. 2007 Mar;24(1):2–23.

	28.	 Xu Q, Sundar SS. Interactivity and memory: Information processing of 
interactive versus non-interactive content. Comput Human Behav [Inter-
net]. 2016 Oct;63:620–9.

	29.	 Maier C, Laumer S, Eckhardt A, Weitzel T. Giving too much social support: 
social overload on social networking sites. Eur J Inf Syst [Internet]. 2015 
Sep 19;24(5):447–64.

	30.	 Sweeny K, Melnyk D, Miller W, Shepperd JA. Information avoidance: who, 
what, when, and why. Rev Gen Psychol. 2010;14:340.



Page 11 of 11Wang and Zhang ﻿BMC Women’s Health          (2021) 21:277 	

•
 
fast, convenient online submission

 •
  

thorough peer review by experienced researchers in your field

• 
 
rapid publication on acceptance

• 
 
support for research data, including large and complex data types

•
  

gold Open Access which fosters wider collaboration and increased citations 

 
maximum visibility for your research: over 100M website views per year •

  At BMC, research is always in progress.

Learn more biomedcentral.com/submissions

Ready to submit your researchReady to submit your research  ?  Choose BMC and benefit from: ?  Choose BMC and benefit from: 

	31.	 Golman R, Hagmann D, Loewenstein G. Information avoidance. J Econ 
Literat. 2017;55:96.

	32.	 Miller SM. Monitoring versus blunting styles of coping with cancer 
influence the information patients want and need about their disease. 
Implications for cancer screening and management. Cancer [Internet]. 
1995;76(2):167–77.

	33.	 Emanuel AS, Kiviniemi MT, Howell JL, Hay JL, Waters EA, Orom H, et al. 
Avoiding cancer risk information. Soc Sci Med. 2015;147:113.

	34.	 Guo Y, Lu Z, Kuang H, Wang C. Information avoidance behavior on social 
network sites: information irrelevance, overload, and the moderating role 
of time pressure. Int J Inf Manage [Internet]. 2020 Jun;52:102067.

	35.	 Hornik R, Parvanta S, Mello S, Freres D, Kelly B, Schwartz JS. Effects of 
scanning (routine health information exposure) on cancer screening 
and prevention behaviors in the general population. J Health Commun 
[Internet]. 2013 Dec;18(12):1422–35.

	36.	 Pomares TD, Buttenheim AM, Amin AB, Joyce CM, Porter RM, Bednarczyk 
RA, et al. Association of cognitive biases with human papillomavirus 
vaccine hesitancy: a cross-sectional study. Hum Vaccin Immunother 
[Internet]. 2019;2019:1–6.

	37.	 Dahlstrom MF. Using narratives and storytelling to communicate science 
with nonexpert audiences. Proc Natl Acad Sci [Internet]. 2014;111(Sup-
plement 4):13614–20.

	38.	 Shin DH, Choi MJ. Ecological views of big data: perspectives and issues. 
In: Telematics and Informatics. 2015.

	39.	 Steinhardt J, Shapiro MA. Framing effects in narrative and non-narrative 
risk messages. Risk Anal. 2015;35(8):1423–36.

	40.	 Betsch C, Ulshöfer C, Renkewitz F, Betsch T. The influence of narrative v 
statistical information on perceiving vaccination risks. Med Decis Mak. 
2011;31(5):742–53.

	41.	 Nan X, Dahlstrom MF, Richards A, Rangarajan S. Influence of evidence 
type and narrative type on HPV risk perception and intention to obtain 
the HPV vaccine. Health Commun [Internet]. 2015;30(3):301–8.

	42.	 Green MC, Jenkins KM. Interactive narratives: processes and outcomes in 
user-directed stories. J Commun [Internet]. 2014;64(3):479–500.

	43.	 Vorderer P, Knobloch S, Schramm H. Does entertainment suffer from 
interactivity? The impact of watching an interactive TV movie on viewers’ 
experience of entertainment. Media Psychol [Internet]. 2001;3(4):343–63.

	44.	 Erdfelder E, FAul F, Buchner A, Lang AG, . Statistical power analyses using 
G*Power 3.1: tests for correlation and regression analyses. Behav Res 
Methods. 2009;41(4):1149–60.

	45.	 Cohen J. The significance of a product moment rs. In: Statistical power 
analysis for the behavioral sciences [Internet]. Elsevier; 1977. pp. 75–107. 
https://​linki​nghub.​elsev​ier.​com/​retri​eve/​pii/​B9780​12179​06085​00086

	46.	 Gerend MA, Shepherd JE, Monday KA. Behavioral frequency moderates 
the effects of message framing on HPV vaccine acceptability. Ann Behav 
Med. 2008;35(2):221–9.

	47.	 Howell JL, Shepperd JA. Establishing an information avoidance scale. 
Psychol Assess [Internet]. 2016;28(12):1695–708.

	48.	 Block RC, Abdolahi A, Niemiec CP, Rigby CS, Williams GC. Effects of an 
evidence-based computerized virtual clinician on low-density lipoprotein 
and non-high-density lipoprotein cholesterol in adults without cardiovas-
cular disease: The Interactive Cholesterol Advisory Tool. Health Informat-
ics J. 2016;22:897.

	49.	 Kuang K, Cho H. Delivering vaccination messages via interactive 
channels: examining the interaction among threat, response efficacy, 
and interactivity in risk communication. J Risk Res [Internet]. 2016 Apr 
20;19(4):476–95.

	50.	 Bourdeaudhuij I, Stevens V, Vandelanotte C, Brug J. Evaluation of an 
interactive computer-tailored nutrition intervention in a real-life setting. 
Ann Behav Med [Internet]. 2007;33(1):39–48.

	51.	 Kroeze W, Oenema A, Campbell M, Brug J. The efficacy of web-based 
and print-delivered computer-tailored interventions to reduce fat intake: 
results of a randomized, controlled trial. J Nutr Educ Behav [Internet]. 
2008;40(4):226–36.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.

https://linkinghub.elsevier.com/retrieve/pii/B9780121790608500086

	The use of Web-based interactive technology to promote HPV vaccine uptake among young females: a randomized controlled trial
	Abstract 
	Background: 
	Methods: 
	Results: 
	Conclusion: 

	Background
	Literature review
	Web-based interactive technology and health behavioral intention
	Web-based interactivity, LC4MP and information avoidance
	Narratives and data visualization

	Methods
	Participants
	Experimental conditions
	Procedure
	Measures
	Induction checks
	Behavioral intention
	Mediating variables


	Results
	Descriptive statistics and induction check
	Effects of experimental conditions
	Hypothesis testing and research questions

	Discussion
	Limitations
	Conclusions
	Acknowledgements
	References


