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Abstract: The use of gamification elements in health apps has been shown to promote healthy
behaviors. However, one-size-fits-all gamification strategy does not have the best persuasive effect.
Therefore, the aim of this paper was to determine how to select personalized game elements for
older adults and use them in health education app design. Firstly, based on the DMC model, the
Kano model was used to identify the demand attributes of game mechanisms, and three gamification
mechanisms (winning, feedback and reward) preferred by the elderly were selected. Secondly, the
corresponding gamification elements were selected by the focus group method, and nine virtual
products were generated. Thirdly, the virtual products were rated and conjointly analyzed to
obtain the relative importance of gamification mechanisms and the utility values of gamification
elements, and a comparative analysis was conducted on four characteristics of older adults: age,
gender, personal income, and education. The results obtained the best combination of gamification
elements chosen by the elderly under different classifications. Finally, design guidelines on persuasive
gamification elements were developed based on the characteristics of older adults, and a modified
gamification model was proposed. The results of this study provide suggestions and guidelines
for the design of persuasive gamification in health education apps, which will help improve the
satisfaction of older adults with health apps.

Keywords: persuasive technology; gamification elements; older adults; health education app; Kano
model; conjoint analysis method

1. Introduction

With the increased popularity of smartphone use among seniors, mobile health apps
have become an important health management tool to help seniors prevent disease [1]. The
World Health Organization reports that China is aging at a faster rate than other countries
with low and middle income [2]. The rapid demographic changes have made the health of
the elderly an important social issue [3]. Research indicated that the percentage of elderly
people using smartphones is 60% [4]. Berenguer et al. [5] showed that 39% of middle-aged
and elderly people use smartphones to search for health information. Studies have shown
that the use of mobile health apps can promote healthy lifestyles and increase public health
awareness [6,7].

Persuasive games are a non-coercive intervention method whose main purpose is
to change the user’s behavior or attitude using various persuasive technologies [8] and
strategies [9]. Gamification was defined as the use of game design elements in a non-
game environment [10]. Werbach [11] mentioned that gamification could be a style of
persuasive design and might be effective in promoting motivation and ability in persuasion.
Johnson et al. [12] argued that gamification design strategies can motivate health behavior
change and have a positive impact on health. Gamification design has been studied
and proven to increase users’ intrinsic motivation and positively influence their attitudes
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and behaviors [13]. It can lead users to increase their performance and motivation in
a subtle game experience [14]. Gamification design has been widely used in the fields
of education [15] and health [16], and its use in health applications has become very
popular [17]. Although there is a lack of extensive experimental evidence on the effects of
gamification designs, some studies indicate that gamification has the potential to positively
influence more effective medication adherence and self-management in patients with
chronic diseases [18]. Some researchers used gamified mobile medical diabetes apps to
help adolescents improve blood glucose monitoring frequency and indicated that the
use of gamified rewards was associated with improvements in blood glucose monitoring
frequency [19]. Fijacko et al. [20] evaluated the effectiveness of apps that used gamified
dentistry to help children with oral self-care.

Behavior change is a complex process. Despite the ability of gamification elements to
engage users and motivate their behavior, there is a risk that individuals will lose interest
in long-term use of gamified applications [21]. Research generally agrees that different
game design elements trigger different motivations [22]. To ensure that serious games
meet the expectations of users, they must be designed using a user-centered approach [23].
However, most current gamification designs largely ignore the demographic characteristics
of the target users [24] and thus fail to provide appropriate solutions to relevant groups [25].
Therefore, it is necessary to analyze the gamification mechanics and design elements
preferred by different users.

To improve the persuasiveness and user satisfaction of health education apps, this
paper takes the “People’s Health” app (an existing health education application) as an
example to explore the combination of gamification elements chosen by older people due
to age, gender, education, and income. Section 2 of this paper is a review of related work
and literature. Section 3 is the research process, which presents the research methodology
and analyzes the preferences of older adults for gamification design elements. Section 4
contains the results of the study, which uses conjoint analysis to segment the preferences
for gamification elements among the elderly. Section 5 is a discussion of the results and
presents aging health app design suggestions and the modified aging gamification model.
Section 6 presents the conclusion and outlook. This paper proposes a method to analyze
personalized gamification elements and apply it to the design of health education apps to
help improve the health literacy of the elderly population.

2. Related Work

The development of an aging population has led scholars to focus on persuasive
gamification design for health issues in older adults. Kappen et al. [26] sought to explore
how the use of gamification elements could enhance older adults” motivation and help
them perform customized physical activity tasks. Studies have confirmed the positive
impact of gamification designs on the health of older users [27], suggesting that there is
great potential for gamification strategies to improve the health problems of older adults.
However, the elderly population has inconsistent preferences for gamification elements due
to their age span and individual differences in background. Studies have shown that some
gamification designs using a “one-size-fits-all” strategy do not improve user satisfaction
because these designs ignore user differences [28] and user preferences [29,30]. Therefore,
to design gamified applications for older people, it is necessary to study their preferences
to make the products more attractive and usable, and to better motivate users to achieve
their goals [31].

Studies have been conducted to explore older adults” preferences for gamification ele-
ments in terms of personality traits, motivation, age, and gender. Koivisto [32] categorized
the player types and personality traits of older users to identify gamification strategies
preferred by the same player types in order to design more targeted gamification elements
for them. Kappen et al. [26,33] investigated the use of gamification elements in physical
activity (PA) techniques for older adults and designed gamified PA programs to provide
personalized exercise applications for older adults. Vette et al. [34] investigated users’ pref-
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erences for game content to improve engagement with gamified applications and explored
the relationship between different personality traits of older adults and gamification pref-
erences. Shih et al. [35] investigated the selection of effective persuasive design strategies
and game design elements by considering the age differences of users during behavioral
persuasion. Some scholars have found that there is an effect of older adults” age on the
complexity of games and the use of game mechanics [36], and that males and females have
different perceptions of gamification strategies [37]. Yuan and Guo explored personalized
preferences for gamification elements in terms of the age and gender characteristics of
older adults [38]. Abdullahi et al. [39] compared the variability of characteristics such as
gender and age in health interventions to propose individualized persuasion strategies.
The effects of age, gender and cognitive ability on persuasion strategy sensitivity have also
been studied in the literature [40]. Kavita et al. [41] found through qualitative interview
studies that in health management, the gamification elements chosen by each older user
differed even with the same gamification mechanics.

Factors influencing health literacy among older adults include age, gender, educational
background, and income [42]. The existing literature has obtained some results in the study
of gamification in older adults. However, few researchers have compared the preferred
gamification elements among older adults with respect to four factors (age, gender, income,
and educational background). Therefore, the present study sought to fill this gap.

3. Materials and Methods
3.1. Research Questions

The purpose of this study was to answer the following questions.

RQ1: What gamification mechanics and combinations of gamification elements do
older adults prefer in health education applications?

RQ2: What are the differences in gamification element selection preferences related to
older adult characteristics (age, gender, income, and educational background)?

RQ3: How can gamification design elements be applied to design personalized health
app for older adults?

In this study, we used the People’s Health application as an example. First, we
extracted the gamification mechanisms and elements from the dynamics, mechanics, and
components (DMC) pyramid model [43]. Second, to select the gamification elements
preferred by the elderly and determine the relative importance of these elements, we used
the Kano model [44] and conjoint analysis [45]. Finally, we propose design suggestions and
a modified gamification model for the design of health applications for the elderly.

3.2. The DMC Model

The DMC pyramid model (Figure 1) is divided into dynamics level, mechanics level
and components level, forming a pyramidal structure [43]. The dynamics level is at the top
of the pyramid, which represents the goals of gamification, and plays the role of analysis,
prediction and decision making. The dynamic layer in gamification is mainly the intrinsic
motivation that promotes user behavior. The mechanics layer is the process and framework
layer that drives the game process and user engagement. There are 10 important game
mechanisms, including: challenges, opportunities, competition, cooperation, feedback,
resource acquisition, rewards, transactions, rounds, and winning status. The component
layer is a concrete presentation of the dynamics and mechanics level, which influences
the user experience with visual elements. The component layer includes mainly game
elements: achievements, avatars, badges, collections, leaderboards, levels, points and
15 other elements. The component level includes but is not limited to the game components
shown in Figure 1.
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Dynamics

constraint,
emotion, narrative,
progression,

relationship

Mechanics
challenge, chance, competition,
cooperation, feedback, resource
acquisition, reward, trade, turn,

winning status

Components

achievements, avatars, badges, collections,
monsters, battles, grants, leaderboards, levels,
content unlocks, quests, points, social graphs,
teams, virtual goods

Figure 1. DMC pyramid model.

The DMC pyramid model outlines the structural elements of game design; however,
this model has been used primarily for game design and has rarely been applied to research
on the gamification design of health apps for older adults. It also does not consider the
issue of individualized preferences among older adults. Therefore, this study uses the Kano
model, focus group method and joint analysis based on the DMC model to identify the
gamification mechanisms and gamification elements preferred by older adults and analyze
their relative importance according to their characteristics. Finally, the DMC model was
modified to meet the needs of health application design for the elderly.

3.3. Kano Model

The Kano model [43] is a method of identifying factors that lead to user satisfaction.
The Kano model can classify needs into four attributes based on user satisfaction: must-be
quality (M), one-dimensional quality (O), attractive quality (A), and indifferent quality
(I). To maximize the effect of gamification design, Yin et al. [46] used the Kano model to
classify the gamification elements in a health app for determining the impact of gamification
elements on user satisfaction. Min et al. [47] used conjoint analysis and the Kano model
combination to analyze the potential demand attributes of the product.

The formula for the satisfaction factor when this function is provided is:

Better/SI=(A+O)/(A+O+M+1]) 1)
The formula for the dissatisfaction factor when this feature is not provided is:
Worse/DSI= -1 x (O+M)/(A+O+M+1]) 2)

3.4. Conjoint Analysis Method

Conjoint analysis is a multivariate statistical analysis method that was introduced
into the field of consumer behavior research by Green and Rao in 1978 [44]. It has been
widely applied to assess consumer preferences and evaluation of products or services,
etc. The advantages of the conjoint analysis approach are that (1) the conjoint analysis
virtual product contains multiple pieces of information that quantify the magnitude of
each attribute and the weight of the level at which the attribute is located in the overall
decision; (2) the conjoint analysis approach provides more accurate estimates of the relative
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importance of key attributes than using a series of separate survey items; and (3) the conjoint
analysis approach is able to minimize the number of experimental samples required while
retaining the experimental design [48]. Pleger et al. [49] studied user preferences for public
e-service terminals and revealed factors that influence the successful implementation of
public e-services. Anand et al. [50] developed a diffusion model to obtain attribute utility
values of the user’s choice of cell phones through conjoint analysis. Zhang et al. [51]
conducted a conjoint analysis of choice-based social media image posting and souvenir
purchase preferences. The advantage of conjoint analysis is the ability to assess the utility
values of multiple constituent elements, but conjoint analysis has rarely been used in
preference studies of gamification elements. The conjoint analysis usually consists of the
following steps [52].

(1) Determination of product features and feature levels: Joint analysis starts with the
identification of the features of the product or service.

(2) Product simulation: The conjoint analysis considers all the features and feature levels
of the product, and uses the orthogonal design method to combine these features and
feature levels to generate a series of virtual products.

(3) Data collection: Respondents are asked to evaluate the virtual products, and respondents’
preferences for the virtual products are investigated by scoring and ranking, etc.

(4) Calculating the utility of features: Separate the consumer’s preference values for
each feature and the level of the feature from the collected information, and these
preference values are also the utility of the feature.

(5) Product prediction: Utility values are used to predict how consumers will choose
from different products and thus decide what should be done.

3.5. Research Framework

Based on the above literature analysis, the research framework of this paper is pro-
posed (Figure 2).

Research steps Research methods
Collect gamification mechanisms and DMC gamification e
gamification elements model

24

Identify gamification mechanisms
preferred by older adults

24

Generate virtual products by combining
gamification elements preferred by seniors

L

Kano model

Focus group

Analyze the relative importance of Conjoint analysis,
gamification mechanisms and the utility Classification of the
values of gamification elements elderly characteristics
Propose improved model Gamification design of
and design suggestions health education APP

Figure 2. Research framework.

The research steps in this paper are as follows:

(1)  Screening the preferred gamification mechanics of the elderly. The demand at-
tributes of gamification mechanisms were identified by the Kano model based on the
DMC model.
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(2) Investigate the gamification elements preferred by older adults. The virtual products
were designed with the gamification elements, and data from user evaluations were
collected by the questionnaire.

(3) Calculate the relative importance of game mechanics and the utility value of game
elements using conjoint analysis. The preferred gamification elements were analyzed
by comparing four characteristics of older adults (age, gender, income, and education).

(4) Propose a modified gamification model and personalized gamification design sugges-
tions for the senior health education app.

4. Results
4.1. Screening the Gamification Mechanics Preferred by the Elderly

In this study, common gamification mechanisms and gamification elements were
extracted from the DMC pyramid model. The relevant gamification mechanics (challenge,
feedback, competition, reward, punishment, cooperation, and winning status) were se-
lected as the elements to be tested. In this paper, we used the Kano model to identify
the functional attributes of the gamification mechanics and then select the gamification
mechanics preferred by older adults. The two-factor Kano questionnaire was designed as
shown in the following example table (Table 1).

Table 1. Example of Kano two-factor questionnaire.

How Users Feel When This Feature Is Provided

Very useful More useful Does not matter Impractical Very impractical

How users feel when this feature is not available

Very useful More useful Does not matter Impractical Very impractical

O O O O O

Older adults aged 55 years or older with experience in using mobile phone apps
were selected for this experiment. All participants were informed of the purpose and
significance of the study, and consent was obtained from the study participants. A total
of 156 valid questionnaires (71 males and 85 females) were recovered. The better-worse
coefficients of the gamification mechanisms were calculated using Equations (1) and (2) (see
Table 2). The distribution in Figure 3 identifies the Kano attributes of the seven gamification
mechanisms. According to the importance of functional attributes (M > O > A > I) [53],
the preferred gamification mechanisms of older users were: winning status, feedback, and
reward. Among them, winning status was a must-be attribute, and feedback and reward
were one-dimensional attributes.

Table 2. Analysis of Kano questionnaire results.

Gamification Mechanics Better—Worse Coefficient Kano Attributes
Challenge 0.1428, 0.1290 Indifferent
Feedback 0.4467,0.3933 One-dimensional

Competition 0.1712, 0.1369 Indifferent
Reward 0.3377,0.6623 One-dimensional

Punishment 0.1704, 0.1481 Indifferent

Cooperation 0.2353,0.2157 Indifferent

Winning status 0.3701, 0.1948 Must-be
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Figure 3. Quartile chart: Better-worse coefficient analysis.
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We collected gamification design elements commonly used in existing app applications
and categorized them into three gamification mechanisms (winning status, feedback, and
reward). In the focus group method, firstly, the purpose of this study was introduced, as
well as the basic functions of the health education app and the meaning of the gamification
elements. Next, nine older participants were asked to vote on the preferred gamification
elements for older adults. Three game mechanisms and nine gamification elements (see
Table 3, Figure 4) were finally extracted to build the virtual product.

Table 3. Choose gamification elements for seniors.

Gamification Mechanics Gamification Elements

Explanation

Social sharing

Winning status Leaderboard

Text congratulations

Share personal achievements with
familiar people and receive praise.
Display the user’s ranking in
the community.

A text pop-up appears to
congratulate the user on
completing the task.

Cash reward

Point reward

Give cash rewards when users
complete operational tasks.
Use points as a virtual currency
and long-term points to provide
exchange rewards.

Gift rewards for user actions,
where the type and value of the
gift are randomized to increase
novelty and anticipation.

Reward
Random gift reward
Identity level
Feedback
Visual feedback
Graphic feedback

The more tasks the user achieves,
the higher the status level;
feedback on the progress status of
the individual.

Color change (text or icon) to
indicate the
user’s operation status.
Graphic descriptions of
user operations.
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Social sharing leaderboard Text congratulations

When the reading volume of user
reaches a certain level, the upgrade
popups and rewards will be displayed.

© @

Visual feedback

You can share information or your The most read person gets to capture
winning status to relatives and friends. the leaderboard cover of their friends.

Identity level Graphical feedback

You will have a badge logo and a rank When you collect video, will shine the When you log inthe APP, a graphical
display when you win a reading knowl - star, and prompt the bookmark symbol feedback of “Login successful -
edge contest or reading volume contest, position feedback. Iy" will pop up.

B 1ir

Cash reward Points reward Random gift rewards

There will be an Easter eqq reward for
VIP article purchase. User opens the
egg to receive rewards and the content
of reward is unknown.

After reading, you will get 5 virtual
points, it can be used to exchange
gifts.etc.

After reading, you will get 0.05 yuan in
cash.

Figure 4. Diagram of gamification elements.

4.2. Conjoint Analysis Questionnaire

To reduce the interfering factors of the study, this paper assumed that the health
education app product would include three gamification mechanisms—feedback, rewards,
and winning status—and that each gamification mechanism would include three gamifica-
tion elements to form a virtual product prototype. Users would be motivated by a set of
gamification elements after completing the daily tasks in the health education app. First,
we organized and combined the gamification elements to obtain several virtual products
as experimental samples. These attribute level permutations and combinations were able
to generate a total of 27 (= 3 x 3 x 3) virtual products. To reduce the number of product
combinations, we used the orthogonal module in SPSS to generate nine virtual combined
products of gamification elements, as shown in Table 4.

Table 4. Designing nine virtual product prototypes.

Virtual Products Feedback Reward Winning Status

1 Graphic feedback Point reward Text congratulations
2 Graphic feedback Random gift reward Social sharing

3 Identity level Cash reward Text congratulations
4 Identity level Random gift reward Leaderboard

5 Identity level Point reward Social sharing

6 Visual feedback Random gift reward Text congratulations
7 Visual feedback Cash reward Social sharing

8 Graphic feedback Cash reward Leaderboard

9 Visual feedback Point reward Leaderboard

Second, the questionnaire was designed to test users’ preferences for the above nine
virtual products. The first part of the questionnaire was about the basic information such as
age and gender of users. In the second part, the background of the questionnaire was briefly
introduced and the meaning of each gamification element was explained. The questionnaire
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used a five-point Likert scale to measure users’ preference ratings for each virtual product.
Likert scales ranged from 1 to 5, indicating very dissatisfied to very satisfied, respectively.
In the third section, participants were asked to rate the virtual products. Older adults
aged 55 years or older with experience in using mobile phone apps were selected for this
experiment. Participants were informed of the purpose of the study and their consent was
obtained. A total of 127 questionnaires were distributed, and 103 valid questionnaires
were finally returned. The number of questionnaires met the needs of similar studies [47].
Table 5 shows the basic information of the respondents.

Table 5. Basic information of respondents.

Characteristic Category Number Percentage
Gend Male 45 43.69%
ender Female 58 56.31%
Ace 55-70 years old 79 76.70%
8 >70 years old 24 23.30%
<2000 16 15.53%
Income (CNY) 2000-5000 52 50.49%
>5000 35 33.98%

Elementary education
(primary school)
Secondary education (middle
Education school, high school, 50 48.54%
vocational high school, etc.)
Higher education
(university degree or higher)

19 18.45%

34 33.01%

Finally, the ratings of the nine virtual products were obtained and the reliability of
the questionnaire data was verified using SPSS software. The Cronbach’s alpha = 0.886,
KMO = 0.903, p < 0.05, indicated that the questionnaire had good reliability and validity.
The preferences of older adults for different gamification mechanics and gamification ele-
ments were analyzed using the conjoint analysis method. Conjoint analysis was conducted
using the conjoint module in SPSS software to calculate the relative importance of gamifica-
tion mechanics and the utility values of gamification elements. In the analysis results, the
gamification mechanics with the highest importance and the gamification elements with the
highest utility value were selected for the older adults. Finally, the results were categorized
and compared by characteristics of the elderly (age, gender, education, and income).

In the next section, we present the results of the analysis, comparing and revealing the
preferences of older adults for different gamification mechanisms and gamification elements.

4.3. Conjoint Analysis Method to Analyze Gamification Elements
4.3.1. Overall Conjoint Analysis of the Elderly Population

We validated the questionnaire credibility. The results show the two-tailed test for
significance: Pearson’s R = 0.869, p = 0.001 and Kendall’s tau = 0.648, p = 0.008. Thus, the
two correlation coefficients passed the statistical test.

In Table 6, the gamification mechanisms with the highest relative importance represent
the preferences of older adults. Among the three attributes, the winning status was the
most important for older adults, at 48.980%. It was followed by reward (40.816%) and
feedback (10.204%). This indicates that older adults are very attracted to mechanisms such
as winning status and rewards. Therefore, more game design elements of reward and
winning status could be included in the gamification design to improve the satisfaction of
older adults in using health apps.
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Table 6. Utility value of attribute levels for all people.

Attribute Attribute Level Utility Value Relative Importance
Visual feedback —0.03 10.204%
Feedback Identity level 0.010
Graphic feedback —0.06
Cash reward 0.42 40.816%
Reward Point reward -0.023
Random gift reward —0.019
Social sharing 0.036 48.980%
Winning Status Leaderboard —0.042
Text congratulations 0.006
Pearson’s R 0.869 p=0.001
Kendall’s tau 0.648 p =0.008

The utility values of each attribute level are shown in Table 6. A higher utility value
means that the element has a greater effect on the attribute, while a negative utility value
indicates that the element has a negative effect on the attribute. Among the feedback
attributes, the utility values of visual feedback, identity level and graphic feedback were
—0.03, 0.010 and —0.06, respectively. This indicates that the identity level was most pre-
ferred by older adults. Among the reward attributes, older adults preferred cash rewards
(utility value of 0.42), while random gift rewards and point rewards produced negative
effects. For the winning status attribute, the utility values of gamification elements were
ranked as follows: social sharing, text congratulations, and leaderboard.

4.3.2. Conjoint Analysis by Age Classification

A conjoint analysis of two age groups of older adults (55-70 years and >71 years)
was conducted to compare their preferences for gamification elements. The verification
results show that in the data on the 55-70-year-old elderly group, Pearson’s R = 0.740 and
Kendall’s tau = 0.704, and the significance of the two-tailed test was less than 0.05. In the
data on the older age group of 71 and above, Pearson’s R = 0.975 and Kendall’s tau = 0.889,
both with two-tailed tests for significance of less than 0.05. This indicated that the model
had a high fit and the correlation coefficients passed the statistical test.

In Table 7, there are differences in the preferences of the two age groups regarding
the importance of gamification mechanics. The group aged 55-70 preferred the feedback
attribute, followed by the winning status and reward attributes, while the group aged
70 and above preferred the reward attribute with 52.542%, followed by the feedback and
winning status attributes. Users also had different preferences for gamification elements.
Table 7 shows that for the feedback mechanism, the group aged 55-70 years preferred
identity level and graphic feedback, while those aged 71 years and older tended to prefer
visual feedback and graphic feedback. For the reward mechanism, the 55-70-year-olds
tended to prefer point rewards, while those 71 and above preferred cash rewards. For the
winning status mechanism, the most popular attribute level was social sharing, regardless
of age.
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Table 7. Utility value of attribute levels classified by age.

Utility Value
Attribute Attribute Level
(Age 55-70) (Age > 70)
Visual feedback —0.042 0.125
Identity level 0.055 —0.139
Feedback Graphic feedback —0.013 0.014
Relative importance 46.939% 32.203%
Cash reward —0.021 0.250
R d Point reward 0.025 —0.181
ewar Random gift reward —0.004 —0.069
Relative importance 22.449% 52.542%
Social sharing 0.03 0.069
Winnine Status Leaderboard —0.038 —0.056
& Text congratulations 0.013 —0.014
Relative importance 30.612% 15.254%
Pearson’s R 0.740 (p = 0.011) 0.975 (p = 0.000)
Kendall’s tau 0.704 (p = 0.004) 0.889 (p = 0.000)

4.3.3. Conjoint Analysis by Gender Classification

In the male group, Pearson’s R = 0.860 and Kendall’s tau = 0.889, the two-tailed test
significance was less than 0.05. In the female group, Pearson’s R = 0.975 and Kendall’s
tau = 0.923, the two-tailed test significance was less than 0.05. This shows that the model had
a good fit and the correlation coefficient between the two groups passed the statistical test.

The questionnaire data were analyzed separately for males and females. As seen in
Table 8, male and female older adults preferred winning status the most, and the winning
status attribute was weighted more heavily in the male group than the female group. Males
considered the reward attribute more important than the feedback attribute, while females
held the opposite view. As can be seen from Table 8, among the feedback attributes, the male
group focused more on graphic feedback, while the female group focused more on identity
level. In terms of reward attribute, cash rewards were preferred by older adults, with
utility values of 0.074 and 0.017 for males and females, respectively. However, the female
group preferred the leaderboard element to demonstrate winning status, with a utility
value of 0.034, whereas the male group preferred the social sharing and text congratulations
elements with utility values of 0.089 and 0.052, respectively.

Table 8. Utility value of attribute levels classified by gender.

ificati Utility Value
Attribute Gamification y
Elements (Male) (Female)
Visual feedback —0.022 0.011
Identity level 0.000 0.017
Feedback Graphic feedback 0.022 —0.029
Relative importance 11.321% 33.333%
Cash reward 0.074 0.017
R d Point reward —0.044 —0.006
ewar Random gift reward —0.030 —0.011
Relative importance 30.189% 20.833%
Social sharing 0.089 —0.006
Winnine Status Leaderboard —0.141 0.034
J Text congratulations 0.052 —0.029
Relative importance 58.491% 45.833%
Pearson’s R 0.860 (p = 0.001) 0.975 (p = 0.000)

Kendall’s tau 0.889 (p = 0.000) 0.923 (p = 0.001)
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4.3.4. Conjoint Analysis by Educational Background

As educational background may affect users” ability and motivation to use health
education apps, the samples were classified into three groups based on educational status:
primary, secondary, and higher education. Among the three groups, the Pearson’s R and
Kendall’s tau values were both more than 0.7, and the two-tailed test significance values
were both less than 0.05. This shows that the correlation coefficients of the questionnaire
data for the three groups passed the statistical test and the model had a good fit.

Table 9 shows that in terms of gamification mechanics, groups with primary and
secondary education preferred reward attributes with a relative importance of 47.727% and
47.059%, respectively. In terms of gamification elements, the group with primary education
preferred visual feedback among the feedback attributes. For those with secondary educa-
tion, the identity level and graphic feedback had the same utility value, of 0.020. The group
with higher educational background liked the identity level feedback the most. As to the
reward attribute, both the primary and secondary educated groups preferred cash rewards
with the utility value of 0.199 and 0.118, respectively, while the higher educated group
preferred random gift rewards. Among the winning status attributes, people with higher
education and primary education preferred social sharing with utility values of 0.01 and
0.041, respectively. People with secondary education preferred the leaderboard most with a
utility value of 0.127.

Table 9. Utility value of attribute levels classified by educational background.

. Utility Value
. Gamification
Attribute Elements Primary Secondary Higher
Education Education Education
Visual feedback 0.129 —0.039 —0.029
Identity level —0.170 0.020 0.071
Graphic
Feedback feedback 0.041 0.020 —0.042
 Relative 38.636% 11.765% 22.973%
importance
Cash reward 0.199 0.118 —0.069
Point reward —0.170 0.000 0.018
Reward Random gift ~0.029 ~0.118 0.051
reward
_ Relative 47.727% 47.059% 24.324%
importance
Social sharing 0.041 —0.078 0.111
Leaderboard —0.064 0.127 —0.149
Winning Status Text 0.023 —0.049 0.038
congratulations
_ Relative 13.636% 41.176% 52.703%
importance
Pearson’s R 0.999 0.965 0.936
(p = 0.000) (p = 0.000) (p = 0.000)
, 1.000 0.837 0.771
Kendall’s tau (p = 0.000) (p = 0.001) (p = 0.002)

4.3.5. Conjoint Analysis by Income

Since economic conditions may affect users’ usage motivation, users were classified
into three groups based on personal monthly income: below CNY 2000, within CNY
2000-5000, and above CNY 5000. In the three groups, the Pearson’s R and Kendall’s tau
values for the questionnaire data were all more than 0.8, and the significance of the two-
tailed test was less than 0.05, indicating that the correlation coefficients all passed the
statistical test.
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As seen in Table 10, the relative importance of the three attributes differed among the
three groups. The feedback attribute was preferred by the groups with a monthly income
of less than CNY 2000 or more than CNY 5000, while the group with a monthly income of
CNY 2000-5000 preferred the winning status attribute. For the three groups, the importance
of reward attributes was 38.462%, 39.535%, and 28.571%, respectively.

Table 10. Utility value of attribute levels classified by personal monthly income.

. Gamification Utility Value
Attribute
Elements <2000 2000-5000 >5000
Visual feedback 0.174 0.002 —0.092
Identity level —0.201 0.009 0.108
Graphic
Feedback feedback 0.028 —0.011 —0.016
_ Relative 46.154% 6.977% 50.000%
importance
Cash reward 0.174 0.066 —0.054
Point reward —0.139 —0.043 0.060
Reward Random gift —0.035 —0.024 ~0.006
reward
_ Relative 38.462% 39.535% 28.571%
importance
Social sharing 0.028 0.060 0.003
Leaderboard —0.076 —0.088 0.041
Winning Status Text 0.049 0.028 —0.044
congratulations
_ Relative 15.385% 53.488% 21.429%
importance
Pearson’s R 0.992 0.890 0.987
(p = 0.000) (p = 0.001) (p = 0.000)
, 0.971 0.807 0.836
Kendall’s tau (v = 0.000) (p = 0.002) (v = 0.001)

As to the feedback attribute, visual feedback had the highest utility value in the group
with income of less than CNY 2000. Identity level feedback had the highest utility value
among those earning more than CNY 2000. In terms of rewards, cash rewards (0.174) had
the highest utility value among those with an income of less than CNY 5000, while points
rewards (0.060) had the highest utility value among those with an income of CNY 5000
or more. In the winning status attribute, the most preferred gamification elements varied
in each group. For the group with low income, the element with the highest utility value
was text congratulations (0.049). For the group with middle income, the element with the
highest utility value was social sharing (0.060). For those with higher income, the element
with the highest utility value was the leaderboard (0.041).

4.3.6. Summary of the Conjoint Analysis Results

This paper ranked the preferences for gamification mechanics and gamification ele-
ments according to the classification characteristics of older users. Based on the results of
the above conjoint analysis, we summarized the recommended gamification mechanics
(Table 11) and the optimal combination of gamification elements (Table 12) for different
categories of elderly users.
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Table 11. Recommended gamification mechanics for older adults with different characteristics.

Gamification Mechanics

Characteristic Category Recommendation
Overall 103 subjects Winning Status, Rewards, Feedback
Ace 55-70 years old Feedback, Winning Status, Reward
& >70 years old Reward, Feedback, Winning Status
Gend Male Winning Status, Reward, Feedback
ender Female Winning Status, Feedback, Reward

Educational background

Personal monthly
income (CNY)

Elementary education
Secondary education
Higher education
<2000
2000-5000
>5000

Reward, Feedback, Winning Status
Reward/Winning Status, Feedback
Winning Status, Reward /Feedback
Feedback, Reward, Winning Status
Winning Status, Reward, Feedback
Feedback, Reward /Winning Status

Table 12.
older adults.

The optimal combination of gamification elements for different characteristics of

Characteristic Category Feedback Rewards Winning Status
Overall 103 subjects Identity level Cash reward Social sharing
570 Identity level Point reward Social sharing
Age years old
>70 Visual feedback Cash reward Social sharing
years old
Male Graphic Cash reward Social sharing
Gender feedback
Female Identity level Cash reward Leaderboard
Elemenfcary Visual feedback Cash reward Social sharing
education
. Identity
Educational Second? Y level /Graphic Cash reward Leaderboard
background education
feedback
Higher . Random gift . .
education Identity level reward Social sharing
<2000 Visual feedback Cash reward Text .
Income (CNY) congratulations
2000-5000 Identity level Cash reward Social sharing
>5000 Identity level Point reward Leaderboard

5. Discussion

5.1. Discussion of Study Results

Compared to the existing literature, this study expanded the number of participants
and performed a more disaggregated evaluation of older adult characteristics. Three gam-
ification mechanisms preferred by older adults and the importance of nine gamification
elements were analyzed using the Kano model and conjoint analysis. For the research ques-
tion RQ]1, the results showed that the gamification mechanisms (challenge, competition,
punishment, and cooperation) were indifferent attributes (I) in the health education appli-
cation for older adults. The reason for this may be the existence of psychological barriers
among older adults who fear that competitive mechanics may damage the image of the
individual. The overall preferred gamification mechanisms for older adults were winning
status (M), reward (O), and feedback (O). The relative importance of these three gamifi-
cation mechanisms in the conjoint analysis method was 48.980%, 40.816%, and 10.204%,
respectively (Table 6). It was suggested that the winning status attribute was preferred for
persuading users. This result suggested that older adults seek a sense of accomplishment
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and that gamification elements should satisfy their need for feedback on progress and
success [54]. Corresponding to these three mechanisms, the most preferred combinations
of gamification elements among older adults were: social sharing, cash rewards, and visual
feedback. Kappen et al. [33] proved that older adults preferred social sharing with peers.
In addition, self-determination theory (SDT) [55] divides motivation into intrinsic and
extrinsic motivation. Cash reward is an extrinsic motivation. Sources of cash rewards can
be provided with advertising and sponsorship by product companies targeting older users.
However, studies have shown that too much of these rewards could be harmful. Therefore,
cash reward strategies can quickly attract the interest of older users in the early stages of
use, but intrinsic motivation should be stimulated in long-term use. Social sharing and
incentives from close friends or family members may be more likely to motivate older users
intrinsically [56]. Design suggestions: In the universal module, social sharing strategies
should be designed for older users and their friends and relatives, such as likes, visitor
interaction records, and messages from those who care, to meet the social needs of older
people through peer support.

For the research question RQ?2, the ranking of utility value based on conjoint analysis
revealed the individualized preferences among of older adults for gamification elements.

(1) Analysis by age characteristics. The results of the study (Table 7) show that lower-aged
seniors (55-70 years old) preferred feedback mechanisms (46.939%), while higher-
aged seniors (70 years old and above) preferred reward mechanisms (52.542%); and, in
terms of gamification elements, they preferred status level feedback and cash rewards,
respectively. The reason may be that the lower-aged seniors focused more on their per-
sonal social image, while the higher-aged seniors focused more on practical benefits.
Design suggestions: Various virtual levels should be used to motivate the younger
seniors, such as giving identity authentication and increasing the corresponding usage
rights. Financial rewards should be used for the older seniors, such as issuing red
packet rewards, or using points to exchange with gifts, etc.

(2) Analysis by gender characteristics. Table 8 shows that both males and females pre-
ferred the winning status mechanism with a relative importance of 58.491% and
45.833%, respectively. However, males preferred the social sharing element and fe-
males preferred the leaderboard element. This indicates that female seniors were
happy to show their status in a group, while male seniors felt pressured to display
their personal status on the leaderboard because they were afraid of failing and would
be embarrassed about it. Male older adults prefer to share personal achievements
through socializing with friends and gaining appreciation. This indicates that females
are susceptible to virtual gamification elements, and this finding is similar to that of
other researchers [37], indicating the credibility of the results of this study. Design sug-
gestions: Different winning status mechanisms should be used in the design for males
and females to meet the psychological needs of older adults. In addition, designers
should design cash rewards for male users and status level feedback for female users.

(3) Analysis by educational background. Educational background not only limits the com-
prehension ability and prevalence of use of health education apps by older users [41],
but also affects users’ preferences for game elements. The results of the study showed
(Table 9) that those in the group with less than secondary educational background
were more interested in cash reward, which is a material persuasion element. The
group with higher education preferred social sharing on the winning status mecha-
nism, which is a spiritual persuasion element. Design suggestions: Cash rewards or
red packet rewards should be used for users with a primary education background,
followed by graphic feedback. For users with a secondary education background, a
leaderboard element is recommended in addition to designing cash rewards. Multiple
social sharing elements should be used for users with higher education background,
followed by rewards of random gifts and status rank feedback.

(4) Analysis by monthly income. Income affects human needs to some extent. The results
of the study (Table 10) indicate that both groups with low income and high income
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preferred feedback mechanisms with a relative importance of 46.154% and 50.000%,
respectively. However, low-income people preferred visual feedback, which is a utility
functional need, while high-income people preferred status rank feedback, which is
a need to satisfy self-esteem psychology. The group with middle income preferred
the winning status mechanism (53.488%), preferred the social sharing element, and
wanted to receive praise from friends for their winning status. According to Maslow’s
hierarchical needs theory [57], as income increases, users’ needs change from func-
tional needs to social and self-esteem needs, and users tend to show their personal
status as their income grows. Design suggestions: Visual feedback elements should
be designed for low-income groups, followed by cash rewards. Social sharing in win-
ning status should be designed for middle-income groups, followed by cash rewards.
Status level feedback should be designed for higher income groups, followed by point
rewards and leaderboards.

In summary, this paper examined the personalized game elements for older adults
when using health education apps. It was found that the gamification mechanics and
elements preferred by older adults differed with different characteristics. Even if two
user groups preferred the same gamification mechanics, the gamification elements they
preferred might be different. Younger seniors and seniors with higher education and
income levels have an open mind, are more interested in self-management of their health,
and are more likely to be driven by intrinsic motivation. Older seniors and seniors with
lower education and income levels are more focused on perceived usefulness and are more
likely to be driven by extrinsic motivation. Women are more susceptible to emotional factors
than men [58]. Therefore, personalized gamification elements should be used to better
meet the needs of users. In the health app design, it is suggested to use the gamification
elements with relevant characteristics based on the information content of the module
(Tables 11 and 12). This result expands the ideas for gamification design and research.

For research question RQ3, we propose the following modified gamification model
(Figure 5) and design practice (Figure 6).

I i

/
//
/ Dynamics: constraints, emotion, narrative,

progress, relationships \
/

Factors Age, gender, education, income

Mechanics Winning Status Feedback Reward

Components

* Social Sharing
» Leaderboard

+ Text congratulations

+ Identity levels
* Visual feedback

* Graphic feedback

+ Cash reward
« Point reward

» Random gift reward

Figure 5. The modified gamification model for older users.
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Health Education APP
v
Custom
Interface
NO NO NO NO
Gender Age
YES YES YES
Customization based | Customization based Mialesrodiile Customization based
on monthly income [on eduction background on age 55-70

X

Consultation module | Health learning module Female module Customization based
on age>70

Universal Gamification
Design

Homepage Social sharing Cash reward Identify level

Figure 6. Information architecture of health education app design for the elderly.

5.2. DMC Pyramid Improvement Model for Aging

Based on the above research results, this paper formulated a modified gamification
model of DMC for the elderly. The new model retains the three-layer structure, which
includes a dynamics layer, mechanics layer, and component layer. In the design of health
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apps for the elderly, the following modified model is proposed to improve design efficiency
(Figure 5).

(1) The mechanism layer is simplified. The modified model is facilitated design appli-
cations for older users. There are three main gamification mechanisms preferred by
the elderly, namely winning status, reward, and feedback. Winning status means the
user demonstrates the status of personal victory. Reward means some achievements
and benefits brought by the user through actions or operations. Feedback means that
the progress of the operation is displayed to the user during the operation, so that the
user can understand the process.

(2) The relationship between the mechanism layer and components layer was established.
In this paper, the mechanism layer includes feedback, reward, and winning status.
The component layer is the visual representation of the mechanism layer. The nine
gamification elements are classified by the three mechanisms: social sharing, leader-
board, and text congratulations are the elements of winning status; cash rewards,
point reward, and random gift rewards are the elements of the reward mechanism;
and visual feedback, identity level, and graphic symbol feedback are the elements of
the feedback mechanism.

(3) In the designed application, the recommended gamification elements should be
adopted according to four characteristics of the elderly (age, gender, monthly income,
and educational background). The selection of elements for practical applications can
refer to Table 12.

The steps for applying the model to design are as follows: (1) select research objectives
for older users; (2) analyze which influencing factor is more related to the information con-
tent; (3) customize the information interfaces with the influencing factors and recommend
the preferred gamification elements; (4) build the personalized information architecture
and design the interactive prototype.

To demonstrate the application process of the model proposed in this study, we
designed a gamified health education app for the elderly. The information architecture and
part of the interface are shown in Figure 6. To improve user satisfaction, it is suggested that
the system use the recommended gamification elements in different information contexts
according to the corresponding influencing factors. For example, it is suggested that
the mission game module be customized for age, the health information push module
be customized for gender; the health learning module be customized for educational
background; and the consultation module be customized for income level. If the user does
not select any customization method, the system displays the universal module.

6. Conclusions
6.1. Research Conclusions and Contributions

Gamification design is a form of behavioral persuasion that is widely recognized to
promote user motivation. The purpose of this paper was to study how to use personalized
gamification elements in designing a health education app for older adults. As a conceptual
study, the main conclusions and contributions of this paper are as follows. First, this
paper provided a comprehensive, quantitative research method for studying user-preferred
gamification elements. The attributes of the gamification mechanisms preferred by the
elderly were identified through the Kano model, and it was found that the overall preferred
gamification mechanisms for older adults were winning status, rewards, and feedback.
The relative importance of each gamification mechanism was obtained using conjoint
analysis, and the optimal gamification elements were selected based on attribute levels.
For the three mechanisms, the most preferred combinations of gamification elements for
older adults were social sharing, cash rewards, and visual feedback. The conjoint analysis
method was based on the relative comparison of combined elements to obtain users’
evaluations of the gamification elements. This method was more objective and precise
than evaluating each gamification element individually. Second, this paper found that the
gamification elements preferred by older users also differed under the influence of four
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factors (age, gender, income, and educational background) (Tables 11 and 12). Third, this
paper presented suggestions for personalized game design for older adults and a modified
gamification model. To avoid a “one-size-fits-all” approach, we showed the application of
the research results to the design through practical cases. This study will help to customize
the persuasive gamification elements in health app designs for older adults according to
their characteristics, thus improving the effectiveness of persuasion. This study not only
serves as a complement to the development of related literature, but also provides useful
suggestions and references for similar designs in the future.

6.2. Limitations and Future Work

This paper has some limitations. First, this study analyzed only limited gamification
mechanics and user-selected gamification elements, and could not cover all situations.
Virtual product prototypes were used in the tests, which may have led to differences
between test results and the use of real mobile apps. Second, this study could not guarantee
the use of the test results in a broader population due to the limited number of testers.
Third, the study of elderly people’s preferences for game elements was conducted using
four factor categories with the conjoint analysis method, but there is a lack of research on
the use of multiple factors. In future work, we will use real apps for testing and expand the
geographical range and number of elderly subjects to prove the general applicability of this
study. Future research will study the preferences of older adults with multiple factors of
gamification elements and test the effectiveness of persuasive gamification designs.
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