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Abstract: The purpose of this study was to explore how designers use software-based design tools for ideation 
and collaboration (for two cases: with designers and with developers). We conducted logistic regression 
analysis and random forest analysis. Software-based design tools are more popular among product designers 
and affiliated with design organizations with 51 to 100 members. We identify the features that influence 
designers to use design tools for the ideation and collaboration, and how these usage patterns are interrelated. 
Interrelated usage pattern is a key consideration for location of the menu and convenience of use. The results 
imply that reinforcement of the design tool features per designer profile is required and that design 
management should be consistent with the field of design and the nature of the organization. 
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1. Introduction 

Software-based design tools have become indispensable for designers. It is now virtually impossible to 
carry out basic design work without such tools [1]. There are a variety of design tools specializing in different 
areas and with different strengths. Depending on the field of design, the tools are classified as specializing in 
graphic design [2, 3] and in product design [4]. The tools may differ depending on the nature of the organization. 
Hence, the characteristic of the employer and the size of the organization may affect the designers’ preference 
for design tools. Nevertheless, all design tools are developed to address the challenge of supporting average-
level designers in delivering the final deliverable, which complies with the customer’s quality requirements in 
the quickest manner possible. 

Using the new features of these design tools, designers can now easily deliver high-quality deliverables in 
a relatively short time [5]. This means that the designers’ technical capabilities have increased with the 
improvement in the implementation and caliber of the tools. In this environment, designer’s creative ideation 
abilities and capability to reflect customer needs in design are important criteria for appraising them. 
Furthermore, organizational leaders are now interested in intra-organization communication ability as a key 
capability of designers for enhancing the quality of the final deliverables [6]. 

Therefore, design tool developers must now develop tools that support creative ideation and promotion of 
inter/intra-organizational collaboration via communication, ultimately leading to higher quality design.  

Design tools have different scopes and uses, different characteristics and backgrounds. However, 
designers need to complete some essential activities to identify customer needs and complete deliverables. From 
the perspective of design as a means to complete innovation, these activities can be further categorized into 
bringing creativity to reality and reinforcing execution [7, 8]. Among the abovementioned three capabilities, 
ideation is deeply related to bringing creativity to reality [9, 10] while the other two (collaboration with 
designers and with developers that finally implement design deliverables into final products/services) are key 
capabilities of designers to reinforce execution ability [11, 12].  
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This paper explores the relationship between design tools and the three essential activities: ideation, 
collaboration between designers, and collaboration between designers and developers. The research questions 
addressed are as follows:  

1. Do designers use design tool for the above three activities? If so, what type of designers actively utilize 
such tools? 

2. What are other features and the usage patterns of the design tools affect the three essential activities?  
3. How does designers’ rating of design tools affect the three essential activities? 
4. Are these essential activities interrelated from the perspective of design tool use?  

2. Literature review   

2.1 Design tool  

Literature on design tools has progressed in two directions. One presents the features and benefits of a 
design tool specializing in a particular field, and the other highlights the positive results of the design education 
using the tool. [13]. Some analyze user accessibility for selected prototyping tools (Sketch, Adobe XD, 
Balsamiq, UXPin) [14], and some identify visual factor categories in video editing and design [15]. In motion 
graphics, some analyze elements from the perspective of forms and communication [16], and others examine 
the classification systems of motions to propose the future evolution of design tools [17]. In architecture, the 
role and the benefits of simulation tools [18], 3D CAD, and VR-based design interfaces are explored [19].  

While some studies have emphasized the usefulness of 3D modeling tools, others have point out their 
limitations. Other design tools (e.g., SketchUp and Silhouette Modeler) are presented as alternatives to 3D CAD, 
while staged approaches for 3D design and interface enhancement are also proposed. These essentially attempt 
to improve traditional design work by identifying more optimal design tools for respective fields [20].  

Second, among the design processes, many use design tools as an ideation tool in the stages of ideation, 
concept generation, and sketching [21]. Ideation can be further broken down into brainstorming at the early 
stages and then sketching [22]. 

Some study how software-based design tools are used in brainstorming [23], where such tools, rather than 
paper-based sketches, help designer ideate [24], and where such tools are not helpful [1]. In the ideation stage, 
the contribution of design tools is evaluated based on how creative ideas are proposed and detailed [25].  

Third, the collaboration features of design tools draw attention. This is not limited to design. Other fields 
have embraced collaboration tools to enhance productivity. As design collaboration directly affects an 
organization’s deliverables, research on the collaboration features is indispensable.  

Designers may collaborate with an average citizen [26], other designers or colleagues in other value chains 
(e.g., marketing and R&D) [27], and experts in other disciplines [28]. Collaboration using such tools enhances 
design deliverables and completes innovation by sharing the design objectives [27], enabling real-time 
collaboration, reducing work time by digitalizing physical tools [29, 30], and overcoming the constraints of 
space and time [31].  

The evaluation of design tools (strengths and weaknesses) and users’ satisfaction depends on the type of 
work occurring in the design organization and the project characteristics. This is because the selection of and 
fit of design tools depend on the type of company and work characteristics. For example, photoshop is preferred 
for large projects, while Sketch tools, which are agile and faster, are preferred by IT service companies and 
startups [32].  

Organizations that use design tools believe that they contribute to better design and organizational 
performance. Such organizations consider the following: processes which require design tools, the tools 
appropriate for different projects, and those helpful for designers.  

Design tools are significantly related to designers’ mindset, behavior, and other variables within the 
organization. There is a relationship among ideation in the early stage, designer’s creativity, and inter/intra-
organization collaboration. 

2.2 Design tool and ideation  

Design ideation involves various methods and tools. Experienced designers tend to use accumulated idea 
archives, but novices/students often lack these assets [33]. However, experience does not always guarantee 
design creativity. Nevertheless, all designers endeavor to maximize design creativity and software-based design 
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tool is one of the means for this. Chung and Lee (2013) demonstrated that a particular feature of a 3D modeling 
tool affected the designers’ ideation and concept sketch, where the intensity of the effect was related to the 
tool’s feature and the designer’s familiarity its usage. Ideation ability, from sketch to concept generation, is 
evaluated based on the criteria of novelty, completeness, and variety [34]. Among these, novelty is key in design 
creativity and is often used as the ultimate criterion in evaluating design ideation [35].  

A major debate in this field is whether such tools enhance creativity [24]. The tools provide a choice: 
spend a relatively long time to design on paper or quickly apply examples of successful products using the tools. 
The choice, often by the design organization, depends on the organizational characteristics/objectives and 
customer needs.  

Creativity is a recurring theme across the design process. There is a study on how creativity impacts the 
later stages of the design process[36], but creativity is the key success factor for projects and designers in the 
design ideation stage [37]. 

2.3 Design tool and creativity 

Indeed, designer’s creativity has long been researched in the field of design, and studies that consider the 
direct relationship between design tools and creativity is emerging. Such studies define the design tool to not 
only include the design tool kit implemented in the form of software but also differentiated processes and 
methodologies to achieve a particular task [25].  

Researchers have highlighted the importance of creativity and explored impediments to creativity with 
surveys [38]. Dorst and Cross (2001) also applied a problem-solution perspective to examine the position of 
creativity in design [39].  

Some studies consider the direct relationship between design tool usage and designer creativity. Using 
CAD can potentially enhance design creativity [40] and there are benefits to using digital 3D in concept design 
[41]. Although CAD benefits by converging design and machine design, there are apparent limitations[42]. For 
example, it can limit creativity in designing electronic products [43] and impede diversity of design [31]  

Scholars studying creativity based on the overall innovation process, including design, claimed the 
relationship between creativity and collaboration from the perspective of open innovation [44]. In terms of 
collaboration, there are various of actors with different roles and design tools can enhance creativity in this 
setting, highlighting the importance of the relationship between creativity and collaboration [45]. These claims 
imply that designer creativity and collaboration within organizations are important variables and interrelated. 

2.4 Design tool and collaboration 

2.4.1 Collaboration between designers 

Co-design is a challenging collaboration process in which participants share knowledge, imagination and 
power for better design outcomes [46, 47]. Through this collaboration, designers are influenced by other 
participants' decisions and given new roles to make better choices [48]. The entities in the cooperation are not 
confined to designers only and can include developers as well. This paper focuses on the two axes of cooperation: 
the communication and interaction between designers and between designers and developers. 

Traditionally, collaboration between designers has been considered as one of the success factors of a 
project. Therefore, emphasis was placed on promoting communication in design processes and developing 
collaborative design systems and processes to reduce interface errors between designers. It was also deemed 
important that barriers to collaboration be identified on the three levels of actors, projects, and firms, along with 
the means to eliminate the barriers. Furthermore, face-to-face communication, and managerial and 
organizational aspects of the project were emphasized as important factors to foster collaboration [49]. 
Designers even attempted to use notepads as a tools to support co-design [50]. This meant that designers 
recognized the importance of collaboration between designers as members of the organization, and that the 
designers are endeavoring to systemize the collaboration as leaders. Indeed, designers are beginning to look for 
an easier methodology to implement in their frequently used design work tools. 

2.4.2 Collaboration between designers and developers 

Where the designer’s deliverables are implemented in the form of products/services, the communication 
between designers and developers is indispensable. However, the two job groups have different tendencies, 
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experiences, and skills, thus generating possible discord in processes and communication. Therefore, 
collaboration between designers and developers needs to be optimized, which can determine the success or the 
failure of a project. Collaboration needs to start in the early stages of the project. It is also beneficial to co-locate 
the project participants [51]. Misunderstandings can unintentionally cause inconsistency in implementation. To 
eliminate inefficiency of rework in such circumstances, it may be necessary to adopt a conversational system 
[52]. Indeed, the importance of design tools as a collaboration tools for both designers and software developers 
has been emphasized, and there are attempts to support diverse features, develop optimized interfaces, and 
develop plug-ins for this purpose [53, 54].  

The literature reviewed thus far is summarized graphically in Figure 1. Design tools are used for ideation, 
and ideation is the most important design process where creativity is realized. The use of design tools can impact 
creativity both positively and negatively. Design tools are also used for collaboration, where facilitation of 
collaboration with design tools can positively impact the creativity of the deliverables. A designer realizing 
creativity and enhancing execution via collaboration can lead to the successful implementation of an innovation.  

 

Figure 1. Overarching framework deduced from the literature review   

3. Research Methodology 

3.1 Data variables  

Data from the 2020 Design Tools Survey is analyzed with permission from the data holder. The survey is 
conducted by UXtools, web site of design experts, and surveyed designers subscribed to design newsletters, 
where questions regarding the usage patterns of software-based design tools were asked. Since the respondents 
are socially active, we filtered the respondents twice to compensate for potential errors and bias. First, we 
excluded incomplete responses to the survey, and second, we excluded student-designers and design tool users 
who were not designers. As a result, 4,100 responses were filtered to 3,706 responses. The most popular roles 
were product designers (1,477 respondents, 39.9%) and UX designers (1,420 respondents, 39.8%). 80% of total 
respondents had three or more years of experience. In the case of designers who are affiliated with organizations, 
the most frequent number of designers in the particular organization was between two and ten. Furthermore, 
most designers covered two fields of mobile and web (69%) while only 31% covered only mobile or web. 

Table 1. Profile of respondents 

Variables          coding details Frequency Percentage(%)
Role Role (0) Role Graphic 269 7.3 

 Role (1) Role Web 378 10.2 
 Role (2) Role PM 162 4.4 
 Role (3) Role PD 1,477 39.9 
 Role (4) Role UX 1,420 38.3 

Number of 
designers in 
Organization 

Ndesigners (0) N 1 904 24.4 
Ndesigners (1) N 2~10 1,687 45.5 
Ndesigners (2) N 11~20 414 11.2 
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Ndesigners (3) N 21~50 313 8.4 
Ndesigners (4) N 51~100 151 4.1 
Ndesigners (5) N 100 + 237 6.4 

Experiences experienceyear (0) E 0~1 year 210 5.7 
 experienceyear (1) E 1~2 years 516 13.9 
 experienceyear (2) E 3~5 years 1,060 28.6 
 experienceyear (3) E 6~10 years 939 25.3 
 experienceyear (4) E 10 years+ 981 26.5 

Field field (0) F Web 1,021 27.5 
 field (1) F Mobile 125 3.4 
 field (2) F Mobile & Web 2,560 69.1 

Among the respondents’ profiles, we selected the following features as one of the independent variables: 
the role of the designer, the number of years as a designer, the number of designers in the affiliated organization, 
and the field of work (mobile/web) (see Table 1).  

We also set three binary dependent variables to answer the research questions in the introduction: 1) Are 
software-based design tools used for brainstorming or ideation? 2) Are they used as the design management 
system for collaboration between designers? 3) Are they used for collaboration between designers and 
developers? Furthermore, we selected as independent variables whether a design tool is used for a specific 
purpose and designers’ rating on using the tool for the specific purpose. The four specific purposes are user 
flows & site map, interface design, UI prototyping, and user testing. We also constructed three research models, 
taking different dependent and independent variables, as shown in Table 2. These research models are 
constructed to exclude variables from being independent variable if selected as dependent variable. When a 
design tool is used for a specific purpose, the corresponding rating of designers was also excluded from the 
variable. (e.g., if brainstorming & ideation is the dependent variable, both the factor and designers’ rating of 
design tools for brainstorming & ideation are excluded from the independent variables). 

Table 2. Variables considered and three research models 

Features 
(Independent variables) 

Rating 
scale 

Y1 Y2 Y3 
brainstorming 

& ideation 
mds 1 handoff 2 

brainstorming & ideation 0,1 x o o 
mds 0,1 o x o 

handoff 0,1 o o x 
rating. brainstorming & ideation 3 1~5 x o o 

rating. mds 1~5 o x o 
rating. handoff 1~5 o o x 

user flows & sitemaps 0,1 o o o 
interface design 0,1 o o o 
UI prototyping 0,1 o o o 

user testing 0,1 o o o 
rating. user flows & sitemaps 1~5 o o o 

rating. interface design 1~5 o o o 
rating. UI prototyping 1~5 o o o 

rating. user testing 1~5 o o o 
1 mds: managing design system for collaboration between designers 
2 handoff: handoff includes collaborating with developers to communicate flows, interactions, assets, and other 

specifications 
3 rating. brainstorming & ideation: rating of design tools for brainstorming and ideation 

Table 3. Variables and questionnaires 

Features 
(Independent variables) 

Questionnaires 

brainstorming & ideation Do you use software 1 for brainstorming and ideation? 
mds Do you use software for managing design systems? 

developer handoff Do you use software for developer handoff? 
rating. brainstorming & ideation How would you rate design tool for brainstorming and ideation?
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rating. mds How would you rate design tool for managing design systems?
rating. developer handoff How would you rate design tool for developer handoff? 

user flows & sitemaps Do you use software for user flows and site maps? 
interface design Do you use software for interface design? 
UI prototyping Do you use software for UI prototyping? 

user testing Do you use software for user testing? 
rating. user flows & sitemaps How would you rate design tool for user flows and sitemaps? 

rating. interface design How would you rate design tool for interface design? 
rating. UI prototyping How would you rate design tool for UI prototyping? 

rating. user testing How would you rate design tool for user testing? 
1 software: software-based design tool  

3.2 Exploratory data analysis  

First, we conducted EDA to examine the pattern and distribution of the data [55]. EDA includes graphical 
tools such as box plots and stem and leaf plots, and analysis, such as correlation [56]. EDA is detective work 
that finds data patterns [57], which help create hypotheses and refine research questions[55]. Whether to use a 
design tool for a specific purpose was measured as a binary variable, and the rating of the design tool for the 
specific purpose was measured on an ordinal scale. We used R to create histograms and box plots to conduct 
exploratory data analysis. Furthermore, the correlation analysis among variables was conducted to identify the 
overall data characteristics 

3.3 Random forest ans the classifier   

We adopted random forest and logistic regression methodologies for classification modeling to explore 
the second and third research question: what are the features (other than the ones used for the three purposes) 
and usage patterns of design tools and rating of design tools that influence the use of design tools for the three 
purposes (ideation, collaboration between designers, and collaboration between designers and developers)? 
Thus, we are interested in identifying how important features, other than those used for the three purposes, are 
in the binary classification of the dependent variable.  

We used random forest prediction modeling with designer profiles, designers’ design tool usage behaviors, 
and designers’ ratings of design tool as independent variables, predicting the three dependent variables. Random 
forest is considered to be one of the most accurate machine learning classification models, even if there is a 
constraint of data size. It also derives importance of the features (independent variables). Random forest is a 
machine learning methodology that uses multiple decision trees. A classification tree is fitted to each bootstrap 
sample derived from the data using random sampling with replacement. At each node, features are randomly 
selected without overlap. Ultimately, the trees are fully grown, and each is used to make predictions by majority 
vote. The majority vote means that the prediction taken by the larger number of decision trees is selected if 
different decision trees yield different predictions. Random forest is an ensemble model consisting of multiple 
decision tree models [58, 59].  

3.4 Binary logistic analysis  

Logistic regression tends to be less accurate in prediction but can identify the statistical significance of 
independent variables. Therefore, we additionally used binary logistic classification model, which classifies or 
predicts the nominal dependent variable. In this research, the independent variables are nominal or ordinal while 
the dependent variables are binary nominal, which is consistent with the logistic model. Unlike general linear 
regression, the statistical model is tested using chi-squared tests, while the coefficients are tested using Wald 
statistics. Furthermore, pseudo R2 such as Cox and Snell R2 and Ngelkerke R2 are used to evaluate the goodness 
of fit of the model instead of R2.  

Binary logistic analysis uses the concept of odds to interpret the results, where the odds is the ratio of the 
probability of success (pi) over the probability of failure (1-pi): pi /1-pi. This, in turn, leads to binary logistic 
model equation as follows, where the coefficients measure the change of odds ratio due to each independent 
variable:  

ln
𝑝

1 p
 β0 β1X1 β2X2 .∙∙∙ βnXn  (1)
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Hence, we used logistic analysis to explore statistically significant independent variables that can predict 
dependent variables [60]. 

4. Result  

4.1 Descriptive statistics and exploratory data analysis (EDA)  

In total, 64% of the respondents used design tools for brainstorming & ideation, while 81% used design 
tools for collaboration between designers and for collaboration between designers and developers.  

Of the designers who used design tools for brainstorming & ideation, designers with roles in graphics 
(45%) and web (42%) were less likely to use design tools than the average (64%). However, those in product 
design (69%), product management (73%), and UX (66%) were more likely to use design tools. Further, more 
experienced designers were likely to use design tools. When the affiliated organization had 51~100 designers, 
the designers were most likely to use design tools (84%). Finally, designers in the mobile field (54%) were less 
likely to use design tools than those in web (62%) and mobile & web (62%).  

In the case of designers using design tools for collaboration (between designers and between designers 
and developers), designers were most likely to use design tools when they work in product and UX design, had 
three or more years of experience, or were affiliated with organizations with 51~100 designers. Furthermore, 
designers in the field of mobile (82%) were more likely to use design tools than those in the field of web (77%) 
while collaborating with other designers. In the case of collaboration between designers and developers, 
designers working in both fields of mobile and web (83%) were more likely to use design tools than the other 
two categories (web or mobile alone).  

(a) 
 

(b) 

 

 
(c) 

 

 
(d) 

Figure 2. Descriptive statistics  
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The ratings of three dependent variables and the four features show interesting patterns. In terms of 
brainstorming and ideation, a means to realize creativity, many designers rate it as zero because they do not use 
design tools at all (Figure 3. 1-1). In the case of collaboration between designers (Figure. 3.2-2) and 
collaboration between designers and developers (Figure 3. 3-2), many designers use design tools and rate them 
highly, and both categories seem to be distributed in a similar manner. Designers who use design tools to 
collaborate with developers, tend to give ratings of more than two and rarely give ratings of one (Figure 3. 3-
1). When the design tools are used for user flows & sitemap, interface design, and UI prototyping, the ratings 
of designers for design tool is relatively high, while user testing suggests otherwise (Figure 3. 7-1). 

rating. brainstorming & Ideation rating. interface design 

   

1-1 1-2 5-1 5-2 

rating. management design system rating. UI Prototyping 

 
   

2-1 2-2 6-1 6-2 

rating. developer handoff rating. user testing 

 
 

 

3-1 3-2 7-1 7-2 

rating. user flows & sitemaps  

  

  

4-1 4-2   

Figure 3. Histogram and Box plot for EDA  

The correlation analysis suggests that the ratings of three dependent variables and the ratings of four 
features are statistically significant. The ratings of brainstorming & ideation and the ratings of user flow & 
sitemap had relatively high correlation (0.337). Furthermore, the ratings of collaboration between designers and 
the ratings of collaboration between designers and developers also exhibited relatively high correlation (0.298)  

Table 4. Correlations between variables 

features rating. 
user 

flows & 
sitemap

s 

rating. 
interfac

e  
design 

rating. UI 
prototypin

g 

rating. 
user 

testing 

rating. 
handoff 

rating
. mds 

rating. 
brainstormin
g & ideation

rating1. user 
flows & 
sitemaps 

1 .198** .197** .240** .168** .170** .337** 

rating. 
interface 
design 

.198** 1 .347** .105** .261** .248** .093** 
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rating. UI 
prototyping 

.197** .347** 1 .146** .230** .238** .092** 

rating. user 
testing 

.240** .105** .146** 1 .168** .140** .233** 

rating. 
handoff 

.168** .261** .230** .168** 1 .298** .120** 

rating. mds .170** .248** .238** .140** .298** 1 .114** 

rating. 
brainstormin
g & ideation 

.337** .093** .092** .233** .120** .114** 1 

rating1: rating of design tool  

** Correlation is significant at the 0.01 level (2- tailed) 

4.2 Classification result  

4.2.1 Random Forest  

When predicting design tool usage for brainstorming and ideation, the accuracy of the model was relatively 
low (69%), while predicting design tool usage for collaboration between designers or between designers and 
developers had higher accuracy (83.8% and 83.7%, respectively). Since it is not the objective of this research 
to enhance accuracy, we did not engage in feature engineering to improve accuracy.  

In this study, the importance of each feature is more significant. Overall, ordinal variables exhibited more 
importance than binary variables. For predicting design tool usage for brainstorming & ideation, the ratings of 
user flows & site maps were the most important feature, while the design tool usage for both collaborations 
(between designers and between designers and developers) were also important. Second, design tool usage for 
collaboration between designers and developers and its ratings were deemed important features in predicting 
the design tool usage in a collaboration between designers. For predicting design tool usage in a collaboration 
between designers and developers, design tool usage for collaboration between designers (along with its ratings) 
and the ratings of UI prototyping were considered important features.  

Table 5. Accuracy and importance of features in Random Forest model  

Random 
Forest_ 
labeling 

Accuracy Important 
feature 1 

Important 
feature 2 

Important 
feature 3 

Important 
feature 4 

Important 
feature 5 

Design tool 
usage for 

brainstorming 
& Ideation   

(o/x) 
 

0.6924 Rating of 
design tool 

for user 
flows & site 

maps  

User flows 
& site maps

User test  Design tool 
usage for 

collaboration 
between 
designers 

and 
developers 

Design tool 
usage for 

collaboration 
between 
designers 

Design tool 
usage for 

collaboration 
between 

designers (o/x) 
 

0.8381 Rating of 
design tool 
usage for 

collaboration 
between 
designers 

and 
developers 

Design tool 
usage for 

collaboration 
between 
designers 

and 
developers 

rating of UI 
Prototyping 

Rating of 
user flows & 

site maps 

Rating of 
interface 
design 

Design tool 
usage for 

collaboration 
between 

designers and 
developers  

(o/x) 

0.8372 Rating of 
design tool 
usage for 

collaboration 
between 
designers 

Rating of UI 
Prototyping

Design tool 
usage for 

collaboration 
between 
designers 

Rating of 
interface 
design 

Rating of 
user flows & 

site maps 
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4.2.2 Logistic regression  

While it was possible to derive important features for predicting dependent variables using random forest, 
it was impossible to obtain the statistical significance of the features and the extent of their impacts (regression 
coefficients). To address these challenges, logistic regression analysis was conducted. Similar to random forest 
modeling, we set three models predicting one dependent variable at a time, a chi square test indicated that the 
models were statistically significant. Hosmer and Lemeshow test, which validated the difference between 
observed and predicted values, also displayed statistical significance. The pseudo R2 values were derived as 
shown in Table 6: 21%, 16.7%, and 24.1%. The pseudo R2 is relatively less important than its counterpart in 
linear regression, while accuracy is more important in determining whether the model is appropriate. The 
accuracy is similar to that of random forest modeling. 

Table 6. Accuracy and pseudo R2 in Logistic model 

Dependent variables Accuracy pseudo R2 (Nagelkerke R 
square) 

Design tool usage for brainstorming & Ideation   70.1% 21.0% 
Design tool usage for collaboration between designers  81.7% 16.7% 

Design tool usage for collaboration between designers & 
developers  

83.7% 24.1% 

 
To maximize the accuracy of the three models (Y1, Y2, Y3), we derived the optimal cut- off value and 

corresponding accuracy. The optimum cut-off values are 0.49 (Y1), 0.48 (Y2), and 0.35 (Y3) (Figure 4).  
 
Y1: Design tool usage for 
brainstorming & ideation 

Y2: Design tool usage for 
collaboration between designers 

Y3: Design tool usage for 
collaboration between designers 

and developers 
Accuracy: 0.70, cutoff: 0.49 Accuracy: 0.81, cutoff: 0.48 Accuracy: 0.83, cutoff: 0.35 

Figure 4. Classification cut off curve of Model accuracy  

This model’s accuracy refers to the measure that is used when the distribution of each label of binary 
variables is the same. However, the model’s performance in the case of imbalanced label distribution is distorted 
and needs to be complemented. To do so, we derived a receiver operation characteristic (ROC) curve and 
calculated the area under the curve (AUC) to determine if the model is fit. Accuracy is calculated using true 
positive and true negative. On the other hand, ROC shows how TPR (True Positive Rate: Y axis) changes as 
FPR (False Positive Rate: X axis) changes, where FPR denotes the ratio of false prediction to true negative. 
AUC means the area under the ROC curve. As the curve deviates from the diagonal, AUC converges to 1 and 
the model can be deemed perfect. For values of AUC between 0.8 and 0.9, the model is considered to be 
excellent and acceptable if AUC is over 0.7; this is not an excellent value but the model can be used [61, 62]. 

Confusion Matrix 

  Predicted Class 
  Negative (0) Positive (1) 
Actual 
Class 

Negative 
(0) 

TN 
(True Negative) 

FP 
(False Positive) 

(2) 

Positive 
(1) 

FN 
(False Negative) 

TP 
(True Positive) 
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Acurracy
TN TP

TN FP FN TP
 (3)

Precision
TP

FP TP
 (4)

Recall True Positive rate
TP

FN TP
 (5)

Specificity True negative rate
TN

TN FP
 (6)

False Positive rate 100 Specificity
FP

TN FP
 (7)

 

Design tool usage for 
brainstorming & ideation (AUC: 

0.74) 

Design tool usage for collaboration 
between designers (AUC: 0.70) 

Design tool usage for 
collaboration between designers 

and developers (AUC: 0.72) 

Figure 5. ROC curve and AUC 

The features deemed statistically significant in predicting dependent variables (p-value of less than 0.05 
and hence rejection of null hypothesis) are listed in Table 7. Logistic analysis is interpreted based on the results 
of Exp(B) (odds ratio) and the odds ratio of categorical variables against the reference category (as there is a 
categorical variable). The reference category was graphic designer, and the results imply that the product 
managers and product designers were more likely to use design tools for brainstorming and ideation than graphic 
designers by a factor of 1.86 and 1.44, respectively. As the number of designers in the affiliated organization 
increased, designers were more likely to use design tools for brainstorming and ideation, while designers in 
both the mobile and web fields are more likely to use design tools for brainstorming and ideation than designers 
in the field of web only by a factor of 1.52. Furthermore, an increment of one in the rating of user flows and 
sitemaps indicated that the designers were more likely to use design tools for brainstorming and ideation by a 
factor of 1.378, while using design tools for user testing meant a higher probability of design usage for 
brainstorming and ideation by a factor of 1.86 when compared to designers not using the tools for user testing 
(Table 7). Figure 6 (a) displays the odds ratio of Table 7 in confidence intervals to depict statistically significant 
variables. When the 95% confidence interval of odds ratio does not include the value of 1, the variable is 
statistically significant. Figure 6 (b) shows that the increase in the rating of user flows and sitemaps accompanies 
an increase in the probability of using design tools for brainstorming and ideation. 

Table 7. Logistic regression: Design tool usage for brainstorming and ideation 

Dependent 
variable 

Explanatory variables Exp(B) P value 

Design tool 
usage for 

brainstorming 
& ideation 

Role: PM 1.860 .008 
Role: PD 1.441 .018 

N designers :2~10 1.349 .001 
N designers: 11~20 1.999 .000 
N designers: 21~50 2.163 .000 
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N designers: 51~100 3.561 .000 
N designers: 100+ 3.054 .000 

Field (2): Mobile & Web 1.520 .038 
rating. user flows & sitemaps 1.378 .000 

user testing 1.863 .009 
developer handoff 1.673 .035 

 

 

(a) 

 

(b) 

Figure 6. (a) Plot for Odds Ratios, (b) Effect of design tool rating for user flows & sitemaps on the probability 

of using design tool for brainstorming and ideation  

There were four statistically significant features for explaining the dependent variable of design tool usage 
for collaboration between designers. Product designers were more likely to use design tools for collaboration 
between designers than graphic designers by a factor of 1.77. Meanwhile, designers in affiliated organizations 
with 51~100 designers were more likely to use the tools for collaboration between designers than designers in 
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affiliated organizations with one designer by a factor of 3.575. Furthermore, increment in rating of interface 
design leads to higher probability of design tool usage for collaboration between designers by a factor of 1.154. 
Figure 7 depicts odds ratios to indicate statistically significant variables, while Figure 8 depicts how increase in 
rating of interface design and increase in the rating of design tool usage for collaboration between designers 
and developers lead to higher probability of using design tools for collaboration between designers. 

Table 8. Logistic regression: Design tool usage for collaboration between designers 

Dependent variable Explanatory variables Exp(B) P value 
Design tool usage for 
collaboration between 

designers 

Role (3): Product designer 1.773 .001 

N designers 51~100 3.575 .000 
rating. interface design 1.153 .026 

developer handoff 1.154 .022 

 

Figure 7. Plot for Odds Ratios 

  

(a) (b) 

Figure 8. Effect of (a) and (b) on the probability of using design tools for collaboration between designers 

(a) Rating of the design tool used for interface design. 

(b) Rating of the design tool used for developer handoff  

Finally, we identify that web designers and product designers are more likely to use design tools for 
collaboration between designers and developers than graphic designers by a factor of 1.56 and 3, respectively. 
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In terms of experience, designers are more likely to use design tools for collaboration between designers and 
developers than designers with experience of less than one year as follows: 1.5x (1~2yrs), 2.18x (3~5yrs), 2.7x 
(6~10yrs), 2.6 (more than 10 years). When the designer is affiliated with an organization with two to ten 
designers, he/she is more likely to use design tools for collaboration between designers and developers than the 
designer in an organization with one designer by a factor of 1.59, while designers in both the mobile and web 
fields are more likely to use design tools for collaboration between designers and developers than designers in 
the field of web only by a factor of 1.45. Designers using design tools for UI prototyping are more likely to use 
design tools for that purpose by a factor of 3.28 than the designers that do not use design tools for UI prototyping. 
Designers using design tools for collaboration between designers are likely to use design tools for collaboration 
between designers and developers by a factor of 3.89, more than the designers that do not use design tools for 
collaboration between designers. Finally, as the rating of interface design increments, the probability of using 
design tools for collaboration between designers and developers increases by a factor of 1.24 (Table 9). Figure 
9 depicts the odds ratios indicating statistically significant variables, while Figure 10 shows how the probability 
of design tool usage for collaboration between designer and developer increases as rating of interface design 
increases. 

Table 9. Logistic regression: Design tool usage for collaboration between designer and developer 

Dependent 
variable 

explanatory variables Exp(B) P value 

Design tool usage 
for collaboration 
between designer 

and developer 

Role (1): Web designer 1.568 .017 
Role (3): Product designer 3.047 .000 
experience year (1): 1~2yrs 1.543 .024 
experience year (2): 3~5yrs 2.189 .000 

experience year (3): 6~10yrs 2.706 .000 
experience year (4): More than 10 years 2.607 .000 

N designers (1): 2~10 1.598 .000 
Field (2): Web & Mobile 1.449 .000 
rating. interface design 1.247 .001 

UI Prototyping 3.284 .000 
mds 3.896 .000 

 

Figure 9. Plot for Odds ratios 
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Figure 10. Effect of design tool rating for Interface design on the probability of using design tools in developer 

collaboration  

5. Discussion and conclusion 

This study, based on a software-based design tool usage survey, analyzed how design tools are used for 
brainstorming & ideation, collaboration between designers, and collaboration between designers and developers. 
The rationale behind the three variables is that innovation becomes complete as creativity and execution are 
realized [7, 8]. Therefore, the activities of designers that are deemed to resemble the theme of creativity and 
execution are selected. Brainstorming and ideation is a variable that expresses creativity [9, 10], while 
collaboration between designers and collaboration between designers and developers are variables expressing 
the execution aspect of innovation [11, 12]. We aimed to identify the features that influence designers to use 
design tools for the three purposes and how these usage patterns are interrelated. The explanatory variables can 
be designer profiles or use of design tools for other purposes. By identifying these variables, we deduced 
implications such that it is possible to enhance specific features of design tools for different designer profiles 
and to improve the user interface. 

The explanatory variables and implications from the results can be summarized as follows. First, we 
identify that designers using design tools for ideation use the same design tools for user testing and user flow 
& site maps. Furthermore, the three dependent variables (design tool usage for ideation, collaboration between 
designers, and collaboration between designers and developers) all proceed in the same direction, meaning that 
many designers use design tools for the three purposes while few use design tools for only one purpose. 
Interrelated usage pattern is a key consideration for UI. In addition, design tool use for the three purposes 
increases as experience increases and for designers affiliated with organizations with 51~100 designers. This 
implies that the software-based design tool developers need to develop tools that can be easily used by large 
organizations (51~100 designers). Features that were analyzed to be important for prediction will be helpful in 
deriving insights for enhancing design tools: relationship between features and emphasis of particular feature 
per segment.  

In terms of methodology, we abided by the basic process of data analysis, exploratory data analysis, and 
classification modeling. The study, therefore, can serve as an integrated case of data analysis. We inspected 
histograms, box plots, and correlation analysis for exploratory data analysis, while using random forest model 
for accurate prediction and logistic analytics for statistical significance of different variables. Deriving 
important features using random forest and identifying statistically significant features using logistic analytics 
can serve as a reference for similar research.  

Despite the implications and methodological contributions, there are few limitations to this study.  
First, the data analyzed is not a randomly sampled data. While the survey was conducted for designers 

participating in a design community, many designers did not respond and hence the data resembles voluntary 
sampled data. Some researchers point out that voluntary samples tend to be lenient on investigations targeting 
the respondents themselves while being critical of investigations on products[63, 64]. To overcome these 
limitations, this study filtered incomplete responses and responses of designers from unfit roles/organizations. 
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Nevertheless, the data is limited in that it is not a randomly sampled data. The high proportion of PD and UX 
role in the sample is a limitation of this survey. 

If the design tool is to be one of the products, the results of this study can be evaluated as a relatively 
conservative reflection of the positive aspects of the design tool. 

Second, it is also possible to argue that the designers can be more creative and collaborative even if the 
design tools are not used for the three purposes investigated in this study. This study does not measure if this 
argument is valid or not. Furthermore, this study does not analyze if there is a statistically significant difference 
between deliverables of designers that use design tools for the three purposes and those of designers that do not. 
This is a topic for further study. 

Third, collaboration can occur between designers, between designers and developers, and between 
designers and users. This study focused on the two and excluded the third [65]. If the third type of collaboration 
can be included, it can be included as designer activity to complement creativity. This observation will be 
proposed to UX Tools survey hosts and hopefully will be reflected in the future surveys.  

The themes that were not fully investigated in this research are topics for further research. Overall, we 
observed that many designers use software-based design tools for the three purposes and hypothesized that the 
software-based design tools reinforce or promote these activities. This merits further research. Furthermore, an 
individual designer’s ability to improve overall with advances in design tools needs requires further 
investigation to determine whether the advances in design tools positively or negatively impact the creativity 
of an individual designer [1]. In the future, it may be possible to supplement the limitations of this study by 
using experimental or qualitative research. 

As the knowledge industry and platform businesses advance, traditional products and services are 
commoditized. Meanwhile, as product life cycles matures, inter-firm competitions are intensified, and this calls 
for differentiation to survive in the market. In this context, designers are important entities for differentiation 
and innovation. Design organizations need to reexamine their evolution path (i.e., how they should it change 
from the past to present) and their differentiation strategies for design. This research analyzed design tool usage 
patterns and identified that design strategies and management need to be tailored to fields of design and the 
characteristics of the organization. If the organization’s objective is to foster the capability of individual 
designers and by this achieve the firm’s objectives, the organization needs to consider how designer activities, 
design tools, and firm objectives are interrelated within the framework of innovation. This study explored 
ideation as a creativity research theme and collaboration as an execution research theme within the innovation 
framework. Developing new design tools changes the course of design organization strategy and management. 
Therefore, the firms need to delve into how such development ultimately impacts their objectives.  
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