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Abstract. Teams in tech companies collaboratively solve creative problems, and
this team creative process increasingly occurs online. Despite many innovative
tool designs to support collaborative creativity, many teams did not adopt them.
This study aimed to identify the barriers to adoption and teams’ needs for col-
laborative creativity support. We clarified the team creative process in practice by
individual in-depth interviewswith 15 employees in 12 different high-tech compa-
nies in China. The results suggested that the teams frequently shared information
via communication tools or face to face, and many of them acknowledged the
benefits of collaboration in team creativity. However, most of them ideated and
evaluated ideas or solutions individually. The reasons for the low collaboration
level included the features of their tasks, a lack of technical andmanagerial support
for collaboration in the ideation and evaluation phase, and a lack of motivation for
team creativity. Based on these findings, we outlined implications for designing
tools to support team creativity and demonstrated a prototype of a communication
tool with creative support features.

Keywords: Team creativity · Collaboration · Communication tools · Creativity
support tools

1 Introduction

Technological innovation increasingly relies on teamwork, and creativity and innovation
are generated from social interaction and information exchange [1, 2]. To solve problems
without solutions, team members can collaboratively generate novel and useful ideas or
solutions of, for example, products, services, processes, or steps [3]. This cognitive
process is called creative problem-solving, and the outcome is called team creativity.
Such a process is common in research, technology product development, and creative
teams.

Modern teams inevitably office and perform creativity tasks online. Many research
teams and technology companies are distributed geographically. Due to the COVID19
pandemic, increasing teams in research and technology companies work collaboratively
on online communication applications, such as Slack, WeChat, and Feishu. However,
on the one hand, these communication tools lacked support for team creativity. On the
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other hand, although many studies have proposed innovative designs of collaborative
creativity support tools (CSTs) and proved their effectiveness, many of these tools have
not been adopted by real teams yet.

Therefore, this paper aims to identify the reasons why teams adopt CSTs or not by
studying their current team creative process. We individually interviewed 15 employees
working in the teams in high-tech companies in China, including both new and small
companies and big companies on the list of Fortune Global 500. We clarified their team
creative process and use of communication tools and CSTs to further identify the barriers
and their potential needs for these tools. Finally, we discussed and proposed a design of
communication tools integrated with CST features to support team creativity.

2 Literature Review

2.1 Team Creative Process

The creative process usually consists of four phases: problem analysis, ideation, evalu-
ation, and implementation [4]. In the problem analysis phase, individuals analyze and
understand the current situation, and then find and formulate specific problems to be
solved. In the ideation phase, individuals generate many new alternative ideas. In the
evaluation phase, individuals evaluate and select among the alternative ideas. Finally,
the chosen idea or solution will be implemented. This process is not linear or static but
dynamic and recursive [5].

The ideationphasemaydistinguish creativity tasks fromother problem-solving tasks,
and many creativity research and CST designs focus on the ideation phase. Researchers
suggested that the cognitive process of ideation is to establish semantic connections
between existing knowledge [5, 6]. In the ideation phase, individuals have more diver-
gent thinking, which is imaginative and less critical, opposite to convergent thinking.
They also use various strategies to promote ideation, such as analogical reasoning and
expansion or combination of existing ideas [7, 8].

At the team level, the creative process involves not only the cognitive process men-
tioned but also the social and motivational process [9]. The social process is the inter-
actions among team members, such as information sharing and discussion. On the one
hand, information flow among team members can increase the quality and flexibility of
ideation and enhance team creativity [10, 11]. On the other hand, communication may
also negatively affect ideation by increasing, for example, cognitive load, social loafing,
and social anxiety [12, 13]. The motivational process is setting or maintaining members’
motivation levels. Both intrinsic and extrinsic motivation can promote team creativity,
but research suggests that intrinsic motivation is more important in the ideation phase
[14]. These processes of team creativity can be affected group, task, and situational
variables, including group members’ features (e.g., knowledge and skills), group struc-
ture (e.g., group size and diversity), group climate (e.g., trust and conflict), and external
demand (e.g., task structure and support for creativity) [9].
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2.2 Creativity Support Tools

Creativity support tools/systems (CSTs/CSSs) are information systems that support
creative processes such as product design, and ideation [15]. These tools are usually
designed with the guidance of creativity theories and are widely used in the situations
such as team creativity tasks, knowledge management, art design and decision making
[16–18].

CSTs can be generally categorized into individual or team types [15]. At the individ-
ual level, Wang and Nickerson [18] conducted a literature-review study and proposed a
design framework for individual CSTs. The framework suggested four types of features,
including:

1. Motivating features by affective or achievement approaches.
2. Supports for the whole creative process, including task process control.
3. Supports for divergent thinking, such as stimulation for new ideas, memory retrieval

facilitation, working memory assistance (e.g., by data visualization), and application
of creativity techniques.

4. Supporting convergent thinking, such as labeling and classification support for
evaluation.

Team-level CSTs can be generally categorized into four types [16, 19]: idea manage-
ment systems, group support systems, computer-assisted creativity systems, and virtual
team members.

Idea management systems are the systems that support collecting, evaluating, and
selecting ideas. An example frequently used in video conferencing is the collaborative
whiteboard applications, such as Mural of Microsoft Teams, which allows team mem-
bers to co-edit shared whiteboards and post-it notes during online meetings. Another
widely used tool is collaborative mind maps, such as Mind Master. Researchers have
also proposed innovative designs to better organize and present ideas for evaluation,
such as IdeaHound [20].

Group support systems are the systems that support team creativity by facilitating
communication and coordination. For example, Sundholm et al. designed iLounge, a
smart meeting room for co-located creative collaboration [21]. Kim et al. designed
an application for collaborative prototyping, where distributed team members could
collaboratively edit their prototypes and asynchronously interact with each other [22].

Computer-assisted creativity systems are the systems that assist the implementation
of creative techniques as a coach. A major type is electronic brainstorming systems,
such as Momentum [23]. These systems can apply brainstorming techniques to reduce
the problems such as peer pressure, social loafing, and production blocking. Besides
brainstorming, some systems incorporate other creative techniques, such as peripheral
micro tasks [24], to facilitate ideation.

Virtual team members are the artificial intelligence that can help monitor human
cognitive processes, simulate human creativity, or generate ideas like human teammem-
bers. For example, AI conversational robots can play the role of facilitators, organize
and coordinate complex tasks for team collaboration [25].
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3 Method

3.1 Participants

We interviewed 15 employees individually. As shown in Table 1, they aged from 26 to
33 (M = 28.73, SD = 2.21). Six of them were females, and nine of them were males.
They worked in 12 different technology companies. Six of the companies were in the
IT industry. Other companies included manufacturing, transportation, finance, and the
energy industry. Six of the participants (40%) worked in the R&D department. Their
team size ranged from 3 to 30, with most between 6 and 10 (N= 8, 53%). All the teams
had been formed for more than a year, and nine of them (60%) had been formed for more
than two years. Most participants (N= 12, 80%) worked in a relatively stable team with
low turnover rates. Eight participants (53%) worked in a fully co-located team. Some
team members in the other seven teams (47%) worked in other cities in China.

Table 1. Summary of the participants.

Participants Age Gender Industry Department Team
size

Team was
formed

Team
turnover

Location

P1 26 F IT, Big
tech

R&D 7–8 <= 2 years High DT

P2 33 F IT, Big
tech

PD 7–8 <= 2 years Low DT

P3 31 F IT, Small
tech

PD 10 <= 2 years High DT

P4 25 M IT,
Unicorn

R&D 3–5 <= 2 years High DT

P5 29 F TC, Big
tech

R&D 7–8 >2 years Low CO

P6 27 F IT,
Unicorn

IT 20–30 >2 years Low CO

P7 28 M IT, Big
tech

IT 10 >2 years Low DT

P8 27 M TP, tech PD 3 >2 years Low CO

P9 28 F TC, Big
tech

R&D 17 <= 2 years Low DT

P10 27 M IT, Big
tech

R&D 12 >2 years Low CO

P11 32 M IT, Small
tech

R&D 5 >2 years Low CO

(continued)
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Table 1. (continued)

Participants Age Gender Industry Department Team
size

Team was
formed

Team
turnover

Location

P12 28 M FN,
Large
enterprise

PD 21 >2 years Low CO

P13 31 M EG,
Large
enterprise

Testing 10 >2 years Low CO

P14 29 M EG,
Large
enterprise

Testing 10 <= 2 years Low CO

P15 30 M EG,
Large
enterprise

Testing 6 >2 years Low DT

Gender: F= female, M=male; Industry: IT= information technology, TC= telecommunication
company, TP= transportation, FN=finance, EG= energy industry;Department: R&D= research
and development, PD = product development, IT = information technology; Location: CO =
co-located; DT = distributed but most members were co-located.

3.2 Data Collection

The individual interviews were semi-structured. We asked the following aspects during
three different phases (i.e., problem analysis, ideation, and evaluation):

1. What was their team’s typical team process in the three stages?
2. How did they use communication tools, and what was the impact of communication

tools?
3. What did other creativity support tools their teams adopt?
4. What were the factors affecting the process and the potential challenges?

Each interview lasted for around one hour and was audio-recorded and transcribed
to texts later.

3.3 Data Analysis

The interview scripts were analyzed by thematic analysis [26] with NVivo 12. The
scripts were coded iteratively for three rounds. In the first round, two researchers read
the scripts and initially open-coded for each research question. In the first round of
coding, researcher A generated 50 codes, and researcher B generated 54 codes, with
36 (69%) same or similar codes. Then, the two researchers discussed and generated an
initial codebook. In the second round, researcher A modified and generated 54 codes,
whereas researcher B generated 56 codes, with 51 (93%) same or similar codes. They
finally discussed and generated a revised codebook with 54 codes. In the final round,
Researcher A coded all the scripts.
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4 Results

4.1 Team Creative Process

The teams generally experienced the team creative process as suggested in the literature,
but we found differences in detailed phases. Overall, the creative process was more
individual rather than collaborative, especially in the ideation and evaluation phases.
However, team members shared much information in all the phases.

Problem Analysis. Their problems originated from the following sources: (1) team
members’ discovery (N = 11), (2) requests from other departments (N = 10), (3) feed-
back from the marketing department (N = 7), and (4) frontiers topics in their industry.
After identifying a problem, most participants would analyze it individually (N = 7) or
collaboratively (N= 4) with other members before reporting to the leaders. In this phase,
though many participants analyze problems individually, most teams shared informa-
tion, such as literature, knowledge, advice from experts, and reports about competitive
products, by communication tools (N = 6) and face to face (N = 4).

Ideation. More than half of the participants (N = 8) said they usually generated ideas
individually, and these ideaswere evaluated and chosen by leaders later. Five participants
said they generated ideas both individually and collaboratively. Only two participants
(P14 and P15) said they generated ideas mainly in team meetings. The possible reason
for less collaboration was that most teams explicitly decomposed their tasks, and each
team member only concentrated on his/her own work. For example, P12 said,

“We usually think and work individually… I will discuss with my leader only after
I have figured out what to do, why to do so, and the logic.” [P12, 28, male, finance
industry]

For the same reason, only four participants said their teams brainstormed together
and two of them said they seldomly brainstormed. The participants also gave negative
comments on brainstorming. For example, P2 said many brainstormed ideas were not
feasible and could not be implemented by their algorithms. P9 felt brainstorming was
inefficient. In fact, the teams of the four participants did not conduct brainstorming
carefully. For example, P2 said:

“We brainstormed many times, but people chatted about irrelevant topics most of
the time. We do not have a good moderator to control the process. If anyone comes
out to be a moderator voluntarily, many other people will disagree with him/her.
As a result, brainstorming is not an effective approach for our team.” [P2, 33,
female, IT industry]

Evaluation and Documentation. More than half of the participants (N = 9) said their
ideas were evaluated mainly by their leaders though they could comment on the alter-
native ideas. Five participants said the ideas were evaluated by first their teammates
and then their leaders. Overall, the evaluation and final decision were mainly made by
leaders. After the project was finished, most teams would package and document their
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experience, the creative process, and the final products or solutions for further knowledge
sharing in both teams and organizations. These documents were stored on cloud drives
or wiki platforms and could be retrieved by categories and keyword tagging. However,
many teammembers were not motivated to organize the information of the whole project
and write the documents. As mentioned by P7,

“Many people are not motivated to document their projects carefully because
documentation takes too much time and effort. Most people cannot be bothered to
do it (because they have many other jobs).” [P7, 28, male, IT industry]

4.2 Communication Tools and Creativity-Support Tools

During the team creative process, the participants communicated with their team mem-
bers via the following media: face-to-face communication, communication applications
on smart devices, audio or video conferencing, emailing, phone calls, and short message
service of mobile phones.

Table 2. Use of different media during team creative process.

Media Number (percentage) of participants

Rarely use Sometimes use Frequently use

Face to face 0 2 (13%) 13 (87%)

Communication applications 1 (7%) 1 (7%) 13 (87%)

Audio or video conferencing 5 (33%) 2 (13%) 8 (53%)

Emailing 6 (40%) 0 9 (60%)

Phone calling 7 (47%) 0 8 (53%)

SMS on mobile phones 15 (100%) 0 0

As shown in Table 2, besides the face-to-face approach, the most frequently used
media was communication applications such asWeChat, Feishu, and DingTalk in China.
Their teams usually used these applications (1) to post notifications (N = 8), (2) when
they could not meet face to face (N = 6), and (3) to carefully edit and convey complex
messages (N= 3).Many participants said the communication applicationswere effective
because:

1. They could record their discussions and any important information in these
applications (N = 8).

2. They could accurately communicate with others (N = 5).
3. The applications were efficient (N = 2).
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They usually use a mix of synchronous and asynchronous interaction approaches.
They especially appreciated the editability and the data persistency of text-based commu-
nication applications, as well as the quick responses of synchronous video/audio-based
approaches. As P7 said,

“We usually prepare and post a document on DingTalk (an application), and then
have a call to discuss based on the document. The document can also be a record
for accountability or contribution in the future.” [P7, 28, male, IT industry]

Regarding creativity support tools, most participants (N= 10) used mind map appli-
cations, especially in the problem analysis phase, but they usually drew maps indi-
vidually. Five participants also used collaborative writing applications during the team
creative process, such as Shimo and the collaborative writing function in Feishu. For
example, P4 said their team kept a shared document in which team members could
post their problems anytime. The problems in the document were discussed during their
weekly meetings. In addition, some organizations provided creative training to help
employees’ ideation (by P5).

Some teams also used communication tools or knowledge sharing tools for peer
review of ideas. For example, P4 said,

“Our team members can post their ideas every time they come up with an idea. The
idea can be reviewed and liked by others. If an idea is liked many times, probably
it will be feasible.” [P4, 25, male, IT industry]

As mentioned in Sect. 4.1, most shared knowledge was stored on cloud drives or
wiki platforms. For example, P9’s team collaboratively edited team wikis of previous
projects. P7’s organization kept a “knowledge base” website where teams could share
their knowledge and documentation. Their organization sometimes held competitions
to motivate employees and teams to contribute.

4.3 Challenges of Team Creative Process

Team Cognition. Five participants said their teammembers were diverse in majors and
understood a problem from different perspectives. The different understandings, or the
low level of shared mental model, may lead to conflicts among team members, as P2
and P8 mentioned. The conflicts sometimes could be intensified by personal emotions,
as P15 said. In this situation, team members usually ask their leaders to moderate and
make decisions. As P8 said, “When we could not persuade each other, they would ask
the leader to make decisions.”

Besides the shared mental model, three participants also mentioned barriers in build-
ing transactivememory systems. They said teammembers did not knowmuch about oth-
ers’ expert knowledge domain or trust others’ expertise. For example, P6, who majored
in algorithms, said she could not evaluate the suggestions from people in other majors
such as product design. However, P15 said their team members knew other members’
expertise though they were experts in diverse domains, indicating a higher level of trans-
activememory systems. Itmay have also contributed to their higher level of collaboration
in the creative process.
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Social Factors. As the literature suggests, the development of team cognition and cre-
ativity require communication and social interactions. This importance of social interac-
tions was also recognized by most participants. For example, P2 compared her previous
team and current team to highlight the importance of social interactions (especially for
transactive memory systems):

“My current team members are really social and like to interact with each other.
We frequently meet and share information. On the contrary, my previous team
members did not interact with each other much. For this reason, I did not know
what others were doing, and the team efficiency was unsatisfying.” [P2, 33, female,
IT industry]

However, as mentioned in Sect. 4.1, most participants tended to work individually
and lacked interactions with their teammembers in the phases of ideation and evaluation.

Motivation. Someparticipants said they felt lessmotivated to contribute to teamcreativ-
ity. The major reason was the limited time for their work and projects mentioned by six
participants. As P10 said, “most requirements from other departments were very urgent.”
Therefore, the participants tended to use their familiar problem-solving approaches to
finish the tasks. The second reason was the lack of intrinsic motivation mentioned by
five participants. Especially when the problem was difficult, team members took many
efforts, but the outcomes may not meet their expectations, or they may not receive
positive feedback (P5 and P8).

5 Discussion and Design Implications

5.1 Findings

This study conducted 15 interviews with employees in R&D, product development, and
other departments of 12 tech companies in China.We found that inmost teams, ideation
and evaluation was an individual rather than collaborative cognitive process, with
the following phenomena:

1. Most teams lacked communication and collaboration in the ideation and evaluation
phases. It could impede the development of team cognitions, including sharedmental
models and transactive memory systems, which were beneficial to team creativity.

2. Most teams used various communication tools and knowledge-sharing platforms
throughout the creative process, but few of them used collaborative CSTs. Many
team members used mind maps individually but hardly shared them with others.
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The interviews identified several reasons for the less collaborative ideation and eval-
uation. First, a major reason was the urgent and well-decomposed features of their
tasks.Most teams had to immediately solve the problems to ensure the achievement of
their organizations. To increase efficiency, most teams also explicitly broke their tasks
into subtasks and distributed them to individual members, and the team leader would
evaluate and make the final decision later. Therefore, members only concentrated on
their own creative problem-solving tasks. This result was probably related to our sam-
pling. Most participants of this study majored in science, technology, engineering, and
mathematics, and most of them worked as engineers. Many tasks for them can be easier
to break into subtasks and distribute than the tasks for other employees who worked on,
for example, community supports and creative design.

Second, many teams lacked support (both technical and managerial support)
for collaboration in the ideation and evaluation process. In fact, many participants
acknowledged the benefits of communication and collaboration, as suggested in the
literature about how team cognitions affected team creativity (e.g., [27, 28]). They also
frequently shared information in the early phases and packaged documentation in the last
documentation phase, indicating that their individual creative works relied on the team’s
explicit knowledge. However, in the ideation phase, many of them did not have efficient
and convenient approaches to exchange information and could not conduct brainstorming
well. It also took many efforts and time to organize documents for sharing at the end. As
a result, many participants said that they had some difficulties in understanding others’
expertise, thoughts, and activities; they could not collaboratively generate new ideas
(i.e., collaborative ideation recommended by the literature [29, 30]).

Third, Several Teams were not Motivated for Higher Team Creativity. On the one
hand, due to the limited time of their tasks, some participants had to consider how to
deliver their solutions on time more than creativity. On the other hand, some of them
rarely got positive feedback from team creativity; they felt that team creativity consumed
much time and effort, but the input-output ratio was unsatisfying. Overall, the findings
and reasons were covered by the previous research of team creative process and factors
(e.g., [9]), but were highlighted by this study in the context of high-tech companies in
China.

5.2 Design Implications

These findings of interviews suggested the following implications for the design of tools
to support team creativity in tech companies. First, integrate communication tools with
collaborative CST features, especially for tech companies in China. As mentioned in
Sect. 5.1, many teams lack supports for collaborative ideation. They rarely use collab-
orative CSTs but frequently use communication tools. Therefore, teams can be easier
to accept communication tools with CST features than other collaborative CSTs. Ide-
ally, these features require less effort from team members but can significantly promote
interactions and collaboration during the ideation phase. For example, the idea man-
agement features in collaborative CSTs [16, 19] can be embedded into group chatting,
which means the ideas can be automatically gathered from the chatting messages or
audio/video-recorded data.
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Second, mix synchronous and asynchronous interactions in the ideation and
evaluation phases and increase data persistency. As suggested by the interviews
and consistent with the theory of media synchronicity [31], team members need syn-
chronous interactions to get quicker response and reach mutual understanding and asyn-
chronous interactions to prepare and elaborate their messages. Some teammembers even
simultaneously use two types of approaches to discuss complex new ideas.

Team members also need functions to track their discussion later for accountability
or contribution identification, which was also identified in previous research about col-
laborativewriting [32]. Our study suggests that this could be a reasonwhy teammembers
choose to discuss via online applications instead of the face-to-face way. Though online
applications naturally preserve users’ interaction data, the awareness of members’ con-
tributions can be further enhanced by features such as reputation systems or integrative
dashboards of contribution.

Third, design features to motivate and facilitate social interactions and informa-
tion exchange in the ideation and evaluation phases. The interviews suggested several
potential approaches. One approach to increase motivation is the aforementioned fea-
tures that enhance the awareness of contribution and reputation. Previous social media
research suggests that users may generate knowledgeable content to satisfy their needs
for self-achievement and better reputations [33]. Similarly, communication tools may
motivate team members to discuss more by the features highlighting their creative con-
tribution to the team and organization. Another approach is reducing the efforts of social
interactions by, for example, unfocused interaction features, such as one-click liking.
These features can promote social interactions and gather voting data for later evaluation.

5.3 A Design to Support Communication and Team Creativity

Due to the low adoption of CSTs but frequently used communication tools, we explored
the potential design to integrate communication tools with CST features to support team
creativity in tech companies. Based on the findings of interviews, we determined the
following design goals:

1. Cognitive goals: With the tool, users can easily and efficiently know others’ ideas,
share knowledge and the development of each idea, and, based on that, generate and
evaluate new ideas.

2. Social goals: The tool can facilitate users to interact with others, increase their
awareness of other members’ contribution to team creativity, and create a social
norm for sharing and collaboration.

3. Motivation goals: The tool can increase users’ willingness to participate in the
collaborative creative process.

For these goals, we proposed three major features on mobile devices. First, in the
group chatting interface (which is available in most communication applications), users
can chat and share informationwith their teammembers anytime, as shown in Fig. 1. Sec-
ond, these chatting messages can be tagged, replied and liked by teammembers. In other
words, the messages can be threaded. As shown in Fig. 2, members can tap a threaded
message to check all the relevant information about this message, including the context,
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social interactions, and other threads with the same tag. Members can add different tags,
such as ideas, previous cases useful to the current creativity task, and user requirements,
as shown in Fig. 3. These two features may promote interactions during ideation and
evaluation phases, support team cognitions, and create a collaborative atmosphere. They
may also increase data persistency, highlight members’ contributions, and thus increase
motivation. Third, members can check the team badges and individual badges, as shown
in Fig. 4. These features may create a social norm of both competition and cooperation
and motivate team members, especially in ideation and evaluation phases.

Fig. 1. Interface for group chatting. The group members can chat or have threaded conversations.
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Fig. 2. Details of a threaded conversation.

5.4 Limitations

The major limitation was the sampling. Although we covered various types of tech
companies in China, most participants worked as researchers or engineers. The features
of their tasks can be different from those of other departments, such as community
support and user experience design. Future research may enroll employees of other jobs
in tech companies. In addition, based on the interviews, we proposed a design prototype,
but it needs further evaluation.
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Fig. 3. The list of tags such as ideas and cases.

Fig. 4. Badges for both the team and individual users.
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6 Conclusion

This study conducted in-depth interviews with 15 employees in high-tech companies
in China and provided empirical data on the team creative process. The results sug-
gested that most teams ideated and evaluated ideas or solutions individually instead of
a collaborative process though they needed to share information throughout the creative
process. The major reasons were the task features, a lack of support for collaboration in
the ideation and evaluation phase, and a lack of motivation for team creativity. Finally,
based on the interviews, we outlined implications for design to support team creativity
and proposed a prototype of a communication tool with creative support features.
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