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Abstract. Crowdsourcing innovation obtains external knowledgd technology through
the Internet, it introduces the wisdom of the pubiio enterprise innovation, and realizes
the co-creation of the value of public knowledge.order to verify the importance of
crowdsourcing innovation to enterprises, this pdgkes the Xiaomi’'s online community
as an example, crawls the data of submitted préposposed by users about two mobile
phones named Xiaomi 9 and Xiaomi 10 in the commuAihd the word frequency and
keyword analysis of the proposal data was executed.analysis results show that the
improvement proposal contents of Xiaomi 9 that emiated on the system, processor and
screen are closely related with the improvemen¥admi 10. Similarly, the improvement
proposal contents for Xiaomi 10 that concentratethe system and the processor are also
fully reflected in the actual improvements of Xiadth. The research results demonstrate
that the crowdsourcing innovation in the Xiaomi ecoomity plays a significant role to
guide the product innovation for Xiaomi phones, ardvides direct supports to the
company's product innovation.

Keyword: Open innovation; crowdsourcing innovation; Xiaomi community; iterative
innovation

1. Introduction
In traditional enterprise innovation, enterpriséeinal knowledge is the only source of
innovation. However, with the intensified marketngetition, it is difficult for the
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innovation within the enterprise to keep up with thnovation of the entire market. As a
result, users began to gradually participate impa@te innovation. Therefore, it has
become a company’s internal innovation involvingptayees and allowing users to
participate in a free and voluntary manner. Thigetgf innovation is called crowdsourcing
innovation. Crowdsourcing innovation enables entsgg and users to achieve a win-win
situation, crowdsourcing innovation helps entegwisnake up for the lack of internal
innovation, and users obtain satisfactory prodbgtgarticipating in product innovation.
For example, in Dell's "Creative Storm" communitgore than 550 ideas have been
implemented; P&G’s "Innovation Center" community has increaseddbmpany's R&D
capabilities by more than 60%. Xiaomi communityoaktelongs to the crowdsourcing
innovation community. Xiaomi's product improvemergad innovations through the
suggestions and ideas of users in the Xiaomi contynbave brought huge benefits to
Xiaomi. In the crowdsourcing community, companies enake rapid improvements to
products based on user suggestions and ideashytereelerating product innovation.

In different crowdsourcing innovation communitiése mechanism of innovation is
also different. For example, Haier's HOPE platfowill send project requirements to
registered users, and users will decide whethpatticipate in the solution of the project
based on their own knowledge reserves and actuaditaans. After users participate in the
project and give corresponding opinions, the pioxisof technology will make a
preliminary assessment of the feasibility and bdlity of the opiniong1]; For example,
with the help of the InnoCentive innovation communP&G seeks "solver" ideas by
publicly publishing the company's internal tasks tte innovation community, and
provides corresponding remuneration, which save$s P& lot of costs. Starbucks
established the My Strabucksldea.com crowdsouinimgvation community to encourage
consumers to give Starbucks opinions through thésnel, and make timely adjustments
based on their opinions, then establish its branage in the minds of consumerg[2
Midea's Mechuang platform provides it with a weadthinnovative ideas, high-quality
suppliers, top scientific research institutions amehy incubator resources, making it an
entrepreneurial incubation platform for the mas3e&h the Xiaomi community, users can
freely express their views and opinions on any pebar service of Xiaomi, and propose
improvements and innovations. In the innovation ma@ism of this model of Xiaomi
community, companies are mining innovation baseduser comments. This article is
based on this innovation mechanism to study theaghpf user comments on product
innovation [4].

2. Theoretical basis
2.1. Crowdsourcing innovation
Many scholars have defined crowdsourcing innovatimom different perspectives.
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Jeppesen and others believe that crowdsourcingvaiiom means that companies with
innovative needs make their needs to public, ambsd the best one from the public's
ideas to complete their tasks [5]. Winsor defineswtisourcing innovation as a process of
gathering knowledge from the public to the entemori6]. Afuah believes that
crowdsourcing innovation is a new way to solve ooae problems through public
knowledge and improve the intimacy between comsaaiel users [7]. Seltzer believes
that crowdsourcing innovation is a challenge targe and diverse group, hoping that they
can find new solutions that are more powerful thlamse within the organization [8].
Oliveira et al. regard crowdsourcing innovationaaspecial way to start the innovation
process, using large personal networks to acquick explore external knowledge,
technology and capabilities, and bring "group wimtlinto the company for innovation.
Crowdsourced innovation is based on the researsgtaflars. Crowdsourced innovation
is a kind of exploration for companies to gatheblmuknowledge through innovation
platforms to solve corporate problems. It has adlamdefinition to open innovation.
Crowdsourcing innovation allows companies to bréfad previous management
model, pay attention to the ideas of the publigakrthe previous leading position of
professional long-term monopoly product designllimalks of life, meet the requirements
of users to the greatest extent, and facilitatepttowision of personalized products and
service. At the same time, the company's budgetdsced, excellent solutions can be
collected from all directions, reduced the cogtafing for expensive innovative solutions,
and a loyal consumer group has been establishekingna the best promoter of the
company's products. The development of crowdsogricinovation has broad prospects,
but its research is still in its infancy, and rethtresearch is still fragmented. Relevant
scholars have carried out research on the rela®akes of crowdsourcing innovation
performance from the following aspects: (1) Usertinadion for participation. Some
scholars have conducted research on existing cawcisg innovation platforms, and put
forward external motivations (such as rewardsjtgl@nhancement, etc.) [9] and internal
motivations (such as personal interests, etc.)fdOlisers to participate in crowdsourcing
innovation. Some scholars have proposed that thiécgurovide their intellectual products
to the platform, and the intellectual property teyhelong to the author. If the user's rights
are violated in the process, it will reduce therssavillingness to participate [11].
Execution cost is time, energy, material and fin@nesources that an individual spends
to engage in a certain behavior, and the usermaawill be affected by the execution cost.
(2) Project characteristics. Some research ressiisw that the performance of
crowdsourcing innovation will be affected by therrer of contractors and task
uncertainty. Projects with high bonuses or long @agles are more likely to receive the
attention and participation of users, and it isiexafor enterprises to obtain better
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innovations [12]. (3) Crowdsourcing project platforThe quality of the crowdsourcing
system and information determines the quality & dperation of the crowdsourcing
community. The better the quality of the crowdsmgccommunity, the better its
reputation, and the greater the possibility thatghblic will choose to enter the platform
[13]. (4) Knowledge sharing under the crowdsourdimgovation model. Based on research,
some scholars have shown that it is not enoughntdyze knowledge sharing under
crowdsourcing innovation from the motivation of figpation, so they proposed to study
knowledge sharing from three dimensions: abilitgtiration, and opportunity [J4O0ther
scholars indicate that the willingness of usersskare knowledge and the reward
mechanism of the crowdsourcing innovation platfawith have a certain impact on the
performance of the crowdsourcing innovation platf¢i5].

2.2. Crowdsourcing innovation communities
In 2010, Xiaomi adopted a "crowdsourcing" model wilkeveloping the MIUI operating
system, collecting opinions through interactiorh&ns on the Xiaomi forum, and quickly
updating the version every week to make productrawvgments. The research and
development of Xiaomi mobile phones has also caoetinthis model. Before the
development of new functions of the mobile phomene ideas will be revealed to users
through the forum, allowing users to vote on whatlkof product they need, Xiaomi’'s
lockless flashing function and the setting of Xi@gmmobile phone input method are
improved in real time under the user’s suggesiitiis model allows more problems to be
exposed as much as possible in the early stagecesdhe risk of product release, and
helps companies truly understand the needs of .Uskttse same time, these "enthusiasts"
have also become the most loyal customers of Xiaootbile phones, and they have
become the main force to help the word-of-mouthlipifp of Xiaomi mobile phones,
which is almost the lowest cost promotion metho@oXi's crowdsourcing innovation
platform has achieved multiple corporate long-tgoals such as product innovation, close
contact with users, and product promotion. Comgsasigh as Haier, Starbucks, Midea,
and Procter & Gamble also use such methods tolis$tal rely on a virtual platform as a
channel for enterprises to contact and communiwaéte consumers, and to understand
users' ideas or suggestions on enterprise progweiapment tasks. In contrast, Xiaomi's
MIUI community pays more attention to the senseahmunication with users, not only
collecting users’ innovative ideas, but more imaottis to improve products based on
needs, better serving the public, and creating\zesally recognized brand.
Chesbrought believes that the crowdsourcing inmowatommunity uses the
purposeful inflow and outflow of knowledge, accales internal innovation through the
integration of internal and external innovationd a&ffectively expands the product market
[16]. Enterprises use money to attract the paditym of many users through the
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establishment of corresponding crowdsourcing ptatfo While solving enterprise
problems, they also bring certain incentives togheicipants themselves, prompting them
to provide enterprises with more creativity. Petral. proposed that under the conditions
of the development of Web2.0, companies can collsetr feedback through various
platforms to solve the current thorny problemshaf tompany. There is no end in product
development. Products can always communicate wsttrsuin real time through the
platform and continue to improve [17]. Secondlyotigh the crowdsourcing platform,
companies can also let users use products thatrtmwest been developed, and make the
next round of product demand improvement basedsen feedback, and gradually make
the product more complete [18]. Keupp et al. haweegd through research that companies
that use innovation platforms have higher profitgias for their products developed, and
their improvement effects on products are also aggpificant [19]. The reason is that
through the communication of the innovative platipa product that is more suitable for
users is designed. Leiponnen et al. found throumgttyais of survey data that companies
maintaining an open information strategy and "operovation" thinking also have a
positive impact on their innovation activities [20]

3. Data acquisition and analysis

3.1. Data acquisition

The data in this article is based on the data filoenXiaomi community’s proposals for
Xiaomi 9, Xiaomi 10 and Xiaomi 11 mobile phonesd aaptures the comments between
the release time of Xiaomi 9 and the release tim&i@omi 10 and the release time of
Xiaomi 10 to Xiaomi 11. The reasons for choosingofni community as the research
object of this article are as follows: (1) Xiaononomunity is a typical crowdsourcing
innovation platform, and user comment datgaigeted for research; (2) Xiaomi mobile
phone update iteration relatively fast, you cax finany iterative products in the Xiaomi
community. For each product user, you can finddbeesponding circle in the Xiaomi
community to discuss; (3) The data of the proposal can better reflect thevation of
Xiaomi's suggestions and help from users, and #ta dan show whether it is optimized,
developed and processg@,) There are more active people in the Xiaomi community, and
user's participation and loyalty are relatively tidviost of the user comment data are
guality comments.

The data in this article comes from the propos#h dd Xiaomi 9, Xiaomi 10 and
Xiaomi 11 in the Xiaomi community. Since the PytHanguage has many advantages over
other programming languages in terms of data crawlihe Python language can use
numerous extension libraries to achieve data aitiguisin the end, a total of 484 pieces
of proposal data concerning Xiaomi 9 mobile phoaed 6,200 pieces of proposal data
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concerning Xiaomi 10 mobile phones were capturdskn] according to the factors that
the public users are interested in mobile phonésyavord table is formed to filter data,
and 188 pieces of data about Xiaomi 9 mobile phmoposal data and 3537 pieces of data
about Xiaomi 10 mobile phone proposal data arerélf out. Screening words are needed
in the process of screening. This article collemismmon descriptive words about the
appearance, functions, performance parametersthadaspects of mobile phone products,
and determines the screening words based on thiise 8f the screening words as listed
in Table 1.
Table 1: Screening words

. Negative one Power
price Crash processqr  takg colar .
screen consumption
. Running | Take a . -
Price WIFI g . screen Screen sizg Electricity
speed video
make a
storage of Refresh . Heat
system | telephone camera workmanship| . .
phone rate dissipation
call
Wide Black . .
Carton data storage Material microphone
angle | screen
After- .
Running Lock . sound
sales MIUI Crash Material .
. speed screen recording
service

3.2. Data processing

3.2.1. Participle

Word segmentation is the process of re-segmentidgambining sentences or paragraphs,
like semantically coherent sentences, into wordm@ing to corresponding rules. In
Chinese, sentences and paragraphs can generalliyeodivided by punctuation marks and
separators. The main task of text segmentatioo fstl a delimiter that can distinguish
words with special rules. Due to its strong comjpjexChinese is much more complicated
than English text segmentation, and the effecbisa good as that of English morphology.
This paper selects the JIEBA word segmentatiorritgo of python language to do simple
word segmentation processing on the original contata.

3.2.2. Filter stop words

Stop words refer to words that appear frequentlyhim acquired text data, but cannot
actually contribute to the thoughts that the tesdimty wants to express. If we do not
eliminate these meaningless words before the clogtalgorithm, then this will have a
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great negative effect on the results of the sulesgalgorithm. Based on the Chinese
vocabulary searched on the Internet, this artiakedone certain updates and supplements,
and removes stop words from the files after woghsentation.

3.3. Data analysis

(1) Word frequency analysis

With the help of the frequency of words appearimghie review data, the main product
features that users pay attention to can be imtljtiobtained. The word frequency
statistics of the three products can be obtainedutih the word frequency statistical
analysis. It demonstrates that the user's profosaghe Xiaomi Mi 9 mobile phone is
highly concentrated on the screen aspect, whilgthgosal for the Xiaomi Mi 10 content
is concentrated on the MIUI operating system amdstiteen.

(2) Keyword analysis

In order to perform further analysis on the keyvgpsde will calculate the rank of identified
keywords based on their frequency data by applyireg TF-IDF technique. TF-IDF
algorithm is a basic and effective keyword ext@ctlgorithm. If a word or phrase appears
very frequently in one article and low in othelides, then it is considered that the word
or phrase has a good ability to distinguish categoihe TF-IDF algorithm formula is as
follows:

n;j
tij = ZkTikj )
. ID|
ldfl - lOg |j:tiEdj|+1 (2)
TF — IDF = tf;; * idf; ©)

where tf represents the frequency of word i in textjjjathe frequency of word i in text
J; X nyjis the number of words in text j; idfi represents the prevalence of word i in all texts,
D Represents the total number of texts, and finsdiiects words with larger numbers as
keywords according to the size of TF-IDF.

This paper uses Python to extract the top 10 keysvisom Xiaomi 9 and Xiaomi 10
proposal data. The results are shown in Table 2agrhem, for the words with a weight
greater than 0.1 in the Mi 9 proposal data, suclvasls such as screen, black screen,
freeze, and camera, it can be seen that usersoasteoncerned about the system functions,
processor, screen and camera of the mobile phodétsinot very sensitive for the battery,
but the words about battery also appeared in thle,tandicating that the battery factor is
still a factor that users is more concerned aldemt.words with a weight greater than 0.1
in the Mi 10 proposal data, such as MIUI12, freezeeen, and black screen, it can be seen

53



Liu Xiaoyu, Tong Qun and Pham Van Sang

that users are most concerned about the systertidascprocessors, and screens of the
mobile phone, but the camera, Words such as poarsumption indicate that cameras
and batteries are still factors that users are romneerned about.

Table 2: The rank of keywords

Rank Xiaomi 9 Xiaomi 10
1 Rest screen 0.203 MIUI12 0.38
2 Lock screen 0.208 stable version 0.151
3 Unlock 0.174 abnormal 0.147
4 Black screen 0.15¢ Caton 0.141
5 Status Bar 0.145  Lock screen 0.13%
6 Caton 0.145 Android 0.125
7 abnormal 0.136 Screen 0.11
8 Screen 0.121 Black screen 0.103
9 desktop 0.113 show 0.101
10 game 0.11 Status Bar 0.0p6
11 camera 0.101 Horizontal screen| 0.094
12 fingerprint 0.098 Unlock 0.094
13 | Negative one screerD.096 camera 0.086
14 optimization 0.094 WeChat 0.083
15 Charge 0.089 Rest screen 0.078
16 Splash screen 0.087 Crash 0.074
17 icon 0.085 Power consumption 0.071
18 show 0.084 desktop 0.07
19 Increase 0.081L video 0.069
20 Function 0.08 0.06f

3.4. Comparative analysis of proposed keywords arattual product innovation

3.4.1. Between Xiaomi 9 and updated Xiaomi 10

Compared with Xiaomi Mi 9, Xiaomi Mi 10 has madepimmvements and innovations in
many aspects. (1) In terms of system, Xiaomi Mislthe MIUI11 system used when it is
released, and Mi 9 is the MIUI10 system. In terrhsystem functions, MIUI11 has the
following 5 functions to added MIUILOCDAdded Vientiane information screen, there are
dozens of types of information screen displ&) Unread messages can flash like a
breathing light; ®Almighty screen projection funoth; @Free download of all themes;
®BThe Ul interface is optimized to make the interfaugch sleeker. The improvements in
the system functions of Mi 10 closely match thetenhof the “screen” proposals that users
put forward for Mi 9, such as “the Vientiane screxmnot be displayed normally” and
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“optimize the automatic brightness of the scre€?y'In terms of processors, the processor
of Xiaomi Mi 10 compared to Xiaomi Mi 9 has beergtgded from Snapdragon 855 to
Snapdragon 865, which has increased the operatergsof the mobile phone to a higher
level, fully responding to the feature of "carton"the improvement proposal words,
reflecting the response to most user demands, au1t855 model -20.1.8-camera flashes
after time-lapse photography" "855 model developnvension-dark mode is not turned
on, but the App page is in dark mode show". (Xehms of screen, the refresh rate of Mi
10 has been increased from 60hz of Mi 9 to 90hd,tha display effect has been better.
This can not only be derived from the above analg$icharacteristics, but also can be
seen from the user’s actual proposal data thaXitemi community has contributed to the
iterative innovation of Xiaomi mobile phones. Thigicle filters based on the captured
datas, hides unprocessed and to-be-discusseaddtieaves optimized, project-approved,
replied, and developing data, such as “droppeddsiand data such as "The splash screen
is particularly powerful when the screen is on arekn the screen is on" have provided
support for the iterative update of Xiaomi mobileopes to a certain extent.

3.4.2. Between Xiaomi 10 and updated Xiaomi 11

Compared with Xiaomi Mi 10, Mi 11 has also made yntathnical improvements.

(1) In terms of systems, the factory system of XiaMi 11 is MIUI12, and the factory
system of Xiaomi Mi 10 is MIUI11. Compared with M1, MIUI12 has created the
following functions:

(a) Added a brand-new camera interface and full-sceeoting mode, supporting
camera functions such as fissteen function customization;

(b) Negative one-screen head background area, the rhaadgement function has
been added, and the status bar has been subsyasyldl If you slide down from
the left and right sides of the screen, there Wl different feedbacks. The
notification message is opened under the left sgraad the control center is
opened when the right screen slides down.

(c) Make full use of the power-saving features of thd=0 screen, to ensure that the
mobile phone can display enough content informatidren the screen is on.
Judging from the feature words of the improvemédau proposed by the user, the
high-frequency terms in the user proposal suchcaméra icon abnormal/not
displayed/whiteboard", "multitasking backgroundenfiace-unable to slide up to
close the application problem" and Xiaomi 11 maddedctual improvements are
highly consistent.

(2) In terms of processors, Xiaomi Mi 11 uses tinaggiragon 888 processor, while the
Xiaomi Mi 10's processor is the Snapdragon 865th@rprocessor, Xiaomi Mi 11 has been
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greatly improved, this improvement highly caterghe high-frequency feature words of
"stuck" and "flashback" in user proposals, as wasllspecific proposal content such as
“interrupted when exporting and playing after thetoaatic editing of MI clips",
"stuck/dropped frames when opening the APP", ¢tcath be seen that the improvement
and innovation of Mi 11 to Mi 10 and the improvernproposals put forward by users also
have an obvious direct correspondence.

Through the above-mentioned comparative analyses,found that for the three
iterative mobile phone products of Xiaomi Mi 9, 40d 11 launched by Xiaomi, each new
product has the same function improvement as tipeovement proposal made by users
in the Xiaomi community for the previous generatiproduct. The high degree of
correspondence means that the user's proposa¢ iXitomi community has played an
obvious guiding and supporting role in the iteratiinovation of Xiaomi mobile phones
in terms of product performance.

4. Conclusions and recommendations

4.1. Conclusion

Crowdsourcing innovation is a mode of realizing Wiexige that connects enterprises and
users. Build a virtual community through the platfiocollect product innovation materials
and basic data by inspiring actual users to progwseosals for product issues and
improvements, and ultimately help product functiomprovements and continuous
innovation. Xiaomi adheres to the development cphokuser participation in innovation.
Its online open innovation community, Xiaomi Comrityrhas not only a long operating
time but also a high level of user activity, whiishvery representative in the industry.
Xiaomi mobile phone as the company's most imporfantuct, its value co-creation
activities have been fully reflected in the Xiacsoimmunity. Xiaomi mobile phones have
undergone more than ten generations of improvemantseach generation of innovation
is based on the needs of users. In the processlletting user demand information, the
Xiaomi community has played the function of crowgising innovations, not only
bringing together a large number of "rice fansPdflect product usage existing problems
and defects in the process, and the massive datasted for the function positioning and
specific technical parameters of next-generati@upct development. Based on the word
frequency statistics and cluster analysis of ther'sissuggestion data, it can provide
directional guidance for the iterative innovatiohXaomi mobile phones and provide
ideas for the company's product innovation.

This article takes the 9th, 10th and 11th genergifoducts of Xiaomi mobile phones
as the research object, collects all user propaesal of these 3rd generation products in
the Xiaomi community, and carries out word frequestatistics and keywords analysis,
and then completes the actual product improveméhttive 3rd generation mobile phones
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(functional parameters) were compared and analyrzegplore whether user suggestions
played a direct supporting role in the product watmn of Xiaomi mobile phones. The
results show that the keywords derived from woedjfiency statistics are fully reflected
in the iterative innovation of mobile phone producspecifically, users’ proposals and
suggestions for Xiaomi 9 mobile phones are fulljexed in Xiaomi 10 mobile phones.
Among the function parameters, it supports the pecoinprovements made by Xiaomi Mi
10; Similarly, the proposals and suggestions made leysutor Xiaomi Mi 10 mobile
phones are also fully reflected in the latest fiomcparameters of Xiaomi Mi 11, that is, it
supports Xiaomi Mi 11. Product innovation made. Hi®ve statistical analysis results
mean that the suggestions and proposal contentaof™ community users have indeed
played a direct supporting role in the iterativeamation of the product functions of
Xiaomi mobile phones.

4.2. Suggestions

(1) Set up a diversified reward mechanism

The active participation of users is an importanmdition for the maintenance of the
crowdsourcing innovation community, and it is atke core driving force for the open
innovation community to provide continuous supgdortenterprise product innovation.
The reward mechanism can not only drive the pastidn of non-Xiaomi community
users, but also help motivate users to activelyighpate in the innovation of Xiaomi
products or services, and improve the quality gigastions or suggestions. Therefore, the
Xiaomi community can provide support for the actiarticipation of users and the
realization of knowledge, and set up rewards ifedght forms and contents to improve
users' knowledge contribution and sharing behasiwg, help the continuous improvement
and innovation of Xiaomi products and services.

(2) Improve the guality of interaction between eptises and users

The user’'s comments reflect the user’'s suggestmrisnprovement or creative offers for
the product or service. Enterprises should incréespositive interaction between relevant
staff and users, especially professional engingérs.company's response to user reviews
can not only show the company's attention and thinkbout user reviews, and express
the company's respect and attention to knowledgé&ibators, but also timely response
and interaction can also help strengthen the inkdepntact and relationship between the
company and users. Communication, stimulate thieusigsm of users, promote users to
participate more deeply in the knowledge contritiutactivities of product or service
innovation, and bring a greater source of exteénravation for the enterprise.
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(3) Increase professional topic discussion function

For the topics that most users are concerned alfmgpendent discussion areas or

functional modules can be set up to improve thdirmarce of user participation and

professional sense of belonging, so that the ingm@nt and innovation of products or
services can be discussed in depth. By regularlyregularly launching specific topics,
users can engage in topic-oriented in-depth inteediscussions with professionals,
which is more helpful to stimulate users' knowledgeerves, and improve the level of
product innovation.
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