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ABSTRACT

Industries involved in research and development for new product development (NPD) typically employ experts 
from various disciplines and knowledge domains, including engineering design, art-based design, interface 
design, information technology, and more. These differences in discipline and experience influence the 
approaches and solutions taken when addressing problems in NPD projects, such as functionality, aesthetics, 
usability, manufacturing, and so on. For this reason, an in-depth study was conducted to explore intuitive 
design thinking behaviour across different knowledge domains. The study employed an empirical method 
involving the observation of experimental design and Design Protocol Analysis (DPA), conducted with the 
participation of 30 final-year undergraduate students who were divided into three groups: engineering 
design (ENG), art-based design (IDE), and interface design (ID). Besides profiling the intuitive design thinking 
behaviours of these three domain groups, findings also revealed distinct patterns in problem solving whereby 
ENG participants emphasised usability with less focus on aesthetics; IDE participants prioritised aesthetics 
with less emphasis on usability; and ID participants balanced both ergonomic and aesthetic considerations. 
Based on these findings, the researchers proposed a new model for design management within organisations 
that employ multidisciplinary designers. This model is intended to enhance the quality of operations in 
the NPD process and to shorten project durations by reducing repetitive processes caused by rejections at 
different stages of development.
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INTRODUCTION

Design is a key component of any business entity and plays a critical role in determining the 
future sustainability of a company. In business, design serves to meet user needs and achieve 
strategic objectives (Cuffaro 2006; Cuffaro and Zaksenberg 2013; Siran, Zainal Abidin, and 
Anwar 2020). Anything involving the transformation of an actual situation into a preferred one 
falls under the domain of design (Schön 2017; La Velle et al. 2020), including aspects such as 
conceptual development, cultural evolution, user needs, technical specifications, and more. 
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However, design issues often require input from multiple disciplines to ensure a balanced 
analysis of potential solutions from different perspectives. At times, poorly considered design 
decisions can lead to outcomes worse than the original problem (Schön 2017; La Velle et al. 2020).

In this context, scholars such as Pugh (1991), Yuri (1999), and Li et al. (2023) advocated for a 
multidisciplinary approach to the design process, as it tends to yield strategies better suited 
to addressing core challenges. Multidisciplinary organisations composed of individuals from 
diverse fields inevitably feature varied behavioural tendencies and ways of thinking. For instance, 
art-based designers (AD) often focus on the external appearance of a product rather than 
specific user problems. Their approach, which emphasises visual elements and compositional 
structure, differs markedly from the engineering design process (Akner-Koler 2000; Siran and 
Anwar 2020).

Engineering designers, by contrast, prioritise product functionality and the procedural aspects 
of design (Pahl et al. 1996; Liu et al. 2021). Similarly, Verma (2001) and Santos et al. (2020) 
emphasised solution-neutral design approaches that focus on conceptual development over 
geometry, cantering instead on function. Preece (2011, 17–19) and Stonewall et al. (2019) further 
highlighted challenges often faced by interdisciplinary design teams, including large team sizes, 
high costs, communication barriers due to differing professional languages, and slow progress.

Given these complexities, a detailed study is required to define the behavioural characteristics 
of intuitive design thinking across various knowledge domains. The goal is to establish clearer 
roles and responsibilities within multidisciplinary teams, thereby enhancing the new product 
development (NPD) process. Furthermore, this approach supports the refinement of design 
methodologies through the application of appropriate protocols aimed at understanding 
designers’ thought processes (Zainal Abidin et al. 2009; Hu et al. 2024).

Research Questions and Objectives

Research Questions:

1.	 What are the key issues related to the criteria of intuitive design thinking among designers 
in problem solving?

2.	 What are the behavioural patterns of intuitive design thinking exhibited by designers from 
different knowledge domains during problem solving?

3.	 What are the characteristics of intuitive design thinking in designers when engaged in 
problem solving?

Research Objectives:

1.	 To understand the key issues related to the criteria of intuitive design thinking among 
designers in problem solving.

2.	 To analyse the behavioural patterns of intuitive design thinking exhibited by designers from 
different knowledge domains during problem solving.

3.	 To profile the characteristics of intuitive design thinking in designers when engaged in 
problem solving.
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LITERATURE REVIEW

Three main factors influence different design thinking behaviours, namely the design thinking 
context, the NPD process in design management, and the knowledge domain. Each warrants 
detailed explanation.

The Context of Design Thinking

Personal justification is integral to developing solutions for specific design problems. 
Schön (2017) and La Velle (2020) emphasised design thinking as a design language for analysing 
student and teacher discussions on proposed solutions. Similarly, other scholars defined it as the 
way designers approach research and education (Rowe 1987; Dorst 2011; Hall 2020). A personal- 
based approach may lead to decisions that are justified, unstable, or unbalanced, and design 
solutions to public issues may sometimes produce consequences worse than the problems they 
address (Schön 2017; La Velle 2020). The design thinking context also involves cognitive analysis 
(Simon 1992; Siran and Anwar 2020), requiring in-depth exploration of specific issues. Design 
thinking research demands understanding users, forming assumptions, and refining problems to 
develop effective solution strategies (Georgiev 2012; Wangsa et al. 2022). Thus, an observational 
methodological approach is necessary to examine this complex and diverse context, reinforcing 
the need to address Research Question 1.

Design Process in NPD Management

Current NPD practices typically follow a structured, step-by-step process. The outcomes of 
NPD are critical to organisational direction and decision-making, often involving multiple design 
options (Warell 2008; Siran and Anwar 2020). Earlier product development processes, however, 
relied heavily on personal experience and perspective, leading to varied interpretations of 
design problems. As Goldschmidt (1997) noted, novice designers often produce outcomes 
marked by uncertainty within the problem space. Design management often faced challenges 
such as interdepartmental coordination, bureaucratic delays, and issues related to human 
factors, environment, time, and project goals (Ulrich and Eppinger 1995; Verganti et al. 2020). 
These factors affect user interaction, a core element of user experience (Jantan et al. 2020). 
A co-creation framework could enhance collaboration and guide effective design strategies. 
Yet, weaknesses in communication, leadership, and decision-making persisted (Zambrano 
and Cruz  2010). Consequently, design management in NPD integrates diverse design thinking 
approaches, aligning with Research Question 1.

Knowledge Domain

Within design teams, diverse knowledge domains shape how specific issues are approached 
and solved. For instance, engineering- based design emphasises specialised technical expertise, 
aligning with the concept of “Domain Position” (Pahl et al. 1996; Liu et al. 2021). In such contexts, 
individuals with extensive experience and higher organisational positions often influenced 
final decisions on problem-solving strategies. Conversely, multidisciplinary management may 
encounter challenges due to limited experience in product development, leading to increased 
time and cost consumption (Ulrich and Eppinger 1995; Verganti et al. 2020). In contrast, 
approaches from the art and design domains focused on integrating objects, forms, and images 
to create future- oriented figural compositions (Taura et al. 2009; Matsumae et al. 2020). These 
methods primarily enhance the visual and structural qualities of design outcomes. Therefore, 
variations across knowledge domains significantly influence the direction and results of design 
thinking processes.
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METHODOLOGY

This research aims to explore and explain intuitive design thinking patterns in problem solving 
across different disciplinary groups. The study was conducted at the conceptual design level 
using qualitative methods, including observations and interviews. The research methodology 
comprises three main phases designed to address the research questions and objectives:  
(1) a survey and literature review, (2) observation and interview, and (3) data analysis.

Survey and Literature Review

In the first phase, the survey was conducted to identify some of the problems from users 
regarding the highest usability issues and related product types. Meanwhile, the literature review 
helped clarify the research gaps from theoretical studies related to intuitive design thinking and the 
design process in NPD.

Observation and Interview

In Phase Two, the observation method was applied using the Design Protocol Analysis (DPA) 
technique across three categories of respondents with different disciplinary backgrounds. Final-
year project (FYP) students were selected as respondents to validate research data in the field of 
creativity, as they represent design thinking behaviour patterns comparable to those of experienced 
professionals within the same knowledge domain (Yuan et al. 2014; Othman et al. 2022). According 
to Roscoe  et al.  (1975) and Biswas et al. (2022), a sample of 30 respondents is adequate for 
generating constructive analysis in this research context. The sample comprised 10 students each 
from engineering (ENG), interface design (ID), and industrial design (IDE) programmes (Table 1). 
The ID group was from the Faculty of Multimedia, Multimedia University (MMU), Cyberjaya; the 
ENG group from the Faculty of Engineering, MMU; and the IDE group from the Faculty of Art and 
Design, Universiti Teknologi MARA (UiTM), Shah Alam. These groups represented the technical, user 
experience, and artistic thinking domains, respectively, reflecting the multidisciplinary nature of NPD 
activities. Participants were briefed on a design task and instructed to sketch a new TV remote control 
concept for elderly users. Subsequently, interviews were conducted to understand their rationale and 
design concerns.

Data collected included sketches, behavioural actions during ideation, reference materials, and 
timing for each activity. For DPA, three video cameras recorded participants’ behaviour from 
different angles (see Figure 1). Six reference materials were provided to the respondents: (1) panels 
illustrating technological innovations, (2) past models of remote control, (3) alternative design 
remote control models, (4) the button functions and specifications of current models, (5) physical 
product samples, and (6) personal computers for online searches. The task briefing outlined the design 
scope, objectives, timeframe, target users, reference materials, equipment, and process guidelines. The 
study design considered several methodological aspects, including survey criteria, sample size, subject 
selection, and the use of the DPA method. The DPA technique, originally developed at the Delft Design 
Protocol Workshop (1994), investigates creative design processes by analysing cognitive events that 
occur between the task briefing and the resulting design output (Anwar 2016; Siran and Anwar 2020).

Respondents’ actions and behaviours served as indicators of their cognitive design processes. 
Senior citizens were selected as the target users to assess respondents’ intuitive design thinking 
and their responses to problem solving. To identify usability issues, a preliminary survey involving 
75 senior citizens was conducted. The television (TV) decoder remote control was selected as the 
design subject because (1) all respondents were familiar with its functions, and (2) it presents diverse 
aspects for study, including ergonomics, multi-function button layout, and interface design. The 
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collected data were analysed to examine problem-solving strategies, choice of reference materials, 
knowledge level, user understanding, and design time phases.

Table 1 The sample criteria for design protocol analysis

Group and study programme Knowledge domain Level Sample size

ID: Bachelor of Multimedia 
(Hons) Interface Design-MMU

Screen interface design, user interaction, user 
experience, ergonomics, usability, product 
specification, concept system, etc

Year 4 
(FYP)

10

IDE: Bachelor of Art and 
Design (Hons) Industrial 
Design-UiTM

Design styling, trends, aesthetic value, usability, 
target user, new features concept, etc

Year 4 
(FYP)

10

ENG: Bachelor of Science 
(Hons) Mechanical 
Engineering-MMU

The manufacturing process with concern on 
cost, mechanism, material selection, tools, 
testing, etc

Year 4 
(FYP)

10

Total 30

Observation Requirement, Strategy, and Equipment

The DPA setup consisted of three cameras positioned to capture multiple aspects of participants’ 
behaviour. One front camera recorded eye movement toward the reference panels 1–4 to 
monitor visual attention, while the top and side cameras captured hand movements during 
sketching, handling of the remote control, or computer use (Figure 1). These recordings also 
documented body language and voice intonation during the interview sessions to measure 
behavioural responses. The collected data were analysed and compared with the corresponding 
sketches to identify specific patterns of intuitive design thinking behaviour among respondents 
from different knowledge domains.

Figure 1 Layout setting of equipment and reference materials at design protocol analysis

Coding Scheme of Data Collection

Data from the design experiments were interpreted through observable behaviours during 
the DPA sessions. The analysis employed a coding format that included design elements, 
line-drawing morphing, and timestamps, which were correlated with participants’ activities 
and behaviours (Figure 2). This coding process supported the development of a new research 
framework by generalising factors such as design rationale, problem-solving processes, and 
usability considerations for elderly users. It enabled the identification of design processes and 
concerns in idea construction, producing standardised and consistent design interpretations. 
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The approach was adapted from established design research models by Warrel (2001), Akner-
Koler (2000), Zainal Abidin (2012), and Anwar et al. (2022).

Data Analysis

In the third phase, the collected data were analysed to determine the criteria of intuitive 
design thinking (research findings). The analysis involved three stages: (1) comparison between 
timestamps and behavioural actions; (2) comparison between timestamps and reference material 
usage; and (3) examination of external form and button function arrangement. Timestamps were 
recorded every 10 seconds to capture how respondents interacted with reference materials 
and other design elements. Through the correlation of behavioural and visual interaction data, 
specific elements used by respondents—such as reference types, problem-solving factors, and 
design strategies—were identified. Respondents expressed design ideas through mental imagery, 
supported by thumbnail sketches or detailed drawings (Zainal Abidin 2012; Anwar et al.  2022). 
These sketches were further analysed using the morphing method of design line drawings to 
identify each group’s unique characteristics in product form and design focus. The identified 
characteristics were compared against multidisciplinary design management theory in the 
NPD process and knowledge domain theory to determine appropriate roles within the design 
organisation. The analysis also examined short-term memory processes in linking design 
problems and solutions (Lloyd et al. 1995). The results informed the development of a new 
organisational model for NPD management (see Figure 5), representing a significant contribution 
to the body of knowledge in design thinking and NPD research.

THE RESEARCH FINDINGS

Table 2 presents the list of reference materials, their purposes, and their contributions to 
respondents’ intuitive behaviour, while Table 3 summarises the interaction data from all groups 
engaging with the six reference materials. These include Panel 1 (P1): innovative products, 
Panel 2 (P2): current TV remote control series, Panel 3 (P3): current models of TV decoder 
remote controls, Panel 4 (P4): button functions, along with physical remote control samples 
and computers for online searches. As discussed in the methodology section, respondents’ 
interactions with these materials reflect their intuitive design thinking patterns. Sketches 
produced during the idea generation process were analysed across three levels: (1) abstraction, 
focusing on external casing shapes; (2) semi-concrete, emphasising button function selection 
and arrangement; and (3) concrete, examining the integration of button layout and casing 
design. Analytical data included timestamps, reference interactions, behavioural actions (e.g., 
eye movements), and sketch outputs. All sketches from each group were analysed using the 
morphing method to derive overall design forms that represent distinct thinking patterns. The 
resulting behavioural data collectively addressed the issues outlined in Research Question 2.

Figure 2 Colour coding for time stamp data
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Table 2 List of reference materials, purpose and how they contribute to the respondent’s 
intuitive behaviour

Reference 
materials Purpose How it contributes to the 

respondent’s intuitive behaviour

The relation of 
reference materials 
measurement of 
three abstraction 
levels

Panel 1 (P1): The 
image of the 
latest innovative 
products with 
advanced 
technology

As a reference for 
design features and 
aesthetic character

Showing the respondent’s level of 
sensitivity to the advanced features 
and aesthetic aspects of the new 
concept

Timestamps and video 
data were analysed 
to measure how 
often respondents 
referred to specific 
reference materials 
at each design 
stage. For instance, 
extended focus on P1 
during the concrete 
stage indicates 
attention to futuristic 
and innovative 
features, reflecting 
respondents’ intuitive 
design thinking 
patterns

Panel 2 (P2): 
Image of 
previous model 
remote
control for TV/
decoder

As a reference of 
product series: 
button function, 
design and aesthetic 
character

Showing the respondent’s level 
of sensitivity to the main button 
function’s basic design features for the 
new concept

Panel 3 (P3): 
Image of 
current models 
of Astro remote 
control

As a reference of 
product series: 
button function, 
design and aesthetic 
character

Showing the respondent’s level of 
sensitivity to aspects of Astro design 
language and identity for the new 
concept

Panel 4 (P4): 
The image 
of all button 
functions (Astro 
TV decoder)

Info on all buttons 
functions as the 
study subject

Showing the respondent’s level of 
sensitivity to aspects of functionality 
for the new concept: which button 
functions should be retained or 
removed?

Physical sample 
of Astro remote 
control (same 
model as P4)

For physical 
reference; holding, 
actual size, and 
ergonomic study

Showing the respondent’s level of 
sensitivity to aspects of ergonomics 
for the new concept

Personal 
computer

For online search of 
any additional info 
related to the task

To study the level of concern and 
initiative of respondents on matters 
related to the product (latest trend, 
specification, etc.) or user (weakness, 
requirement, etc.)

Timestamp Compared to Reference Materials

As shown in Table 3, the IDE group spent the longest time on drawing activities, particularly 
at the abstract level, with a gradual decrease at the semi-concrete and concrete stages. They 
frequently referred to Panel 4 but engaged less with online searches and Panel 1. In contrast, the 
ENG group spent considerable time on online searches but referred less to physical reference 
materials and devoted minimal time to drawing. The ID group showed extended engagement at 
the abstract stage, with reduced activity at later stages, and focused primarily on online searches 
for user information. Timestamp data compared with reference material interactions provided 
evidence of behavioural patterns addressing Research Question 2. Comparative analysis of eye 
interaction data using non-parametric statistics revealed P = 0.05 and an effect size = 2. The null 
hypothesis stated that there were no significant differences among conditions or time points 
(P1, P2, P3, P4, remote, internet, total interaction, and total drawing).
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Table 3 The time spent on eye interaction with all reference materials

P1 P2 P3 P4 Sample Internet Total 
interaction

Total 
drawing

IDE Abstract 60 140 280 550 500 50 1,580 2,120

Semi-concrete 10 50 100 740 240 30 1,170 2,510

Concrete 50 30 50 700 250 20 670 2,370

Total 120 220 430 1,550 990 100 3,420 7,000

% 3.5 6.4 12.6 45.6 28.9 2.9

ENG Abstract 10 30 50 310 1240 20 2,080 2,130

Semi-concrete 70 120 150 630 670 30 1,670 1,530

Concrete 30 30 60 190 290 20 720 1,720

Total 110 180 260 1,130 2,200 70 4,800 5,380

% 2.3 3.8 4.6 20.8 25.6 42.9

ID Abstract 20 40 180 550 880 80 2,060 1,610

Semi-concrete 50 50 100 320 300 410 1,230 2,590

Concrete 30 30 40 370 70 80 1,030 2,500

Total 100 120 320 830 1,250 1,570 4,320 6,900

% 2.3 5.8 7.4 19.2 28.9 36.3

The Morphing Analysis of Sketch Drawing

A quantitative analysis using Procrustes distance was applied to measure and clarify the 
similarities and differences in shapes derived from the morphing results, supported by statistical 
evaluation. Figures 3 and 4 illustrate the mapping patterns of body casing shapes and button 
layout designs. The ENG group produced consistent, simplified layouts with fewer key buttons. 
Timestamp data indicated that they spent a significant time understanding elderly users’ needs 
and analysing assistive products. However, their designs showed limited aesthetic balance, 
suggesting that their intuitive design thinking emphasises user-centric rather than product 
character; centric solutions. The IDE group focused primarily on ergonomics and visual appeal, 
often neglecting usability issues. Their concepts displayed complex button arrangements 
similar to existing models, with minimal simplification. Conversely, the ID group demonstrated 
consistent and simplified layouts, emphasising clarity over quantity. Analysis of the average 
line drawings revealed distinct intuitive design criteria and problem-solving behaviours among 
groups. As Warrel (2001) noted, design elements convey messages derived from respondents’ 
mental imagery. Figure 2 maps all body shell line drawings, where dotted lines represent 
averaged shapes within each group. The ENG group’s baseline form showed 75% similarity to 
the current model, reflecting ergonomic and usability concerns. The IDE group’s form exhibited 
100% similarity, emphasising aesthetic priorities. The ID group’s baseline showed 25% similarity, 
focusing on user interaction. Morphing data of shape and button layout designs collectively 
establish the behavioural patterns addressed in Research Question 2.
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Figure 3 The morphing of line form for body casing design from all groups

Figure 4 The morphing of layout design of button function for remote control concept
Main functions: purple and blue; support functions: brown; advanced functions: black and green

Table 4 The overall summary of drawing mopping analysis of three groups

Elements IDE ENG ID

Body casing 
design

Similar basic form and 
size of all respondents, 
proportion similar to the 
current model, but different 
character with detailing of 
form

50% similar form and 
size, 50% different each 
respondent compares to 
the current design
75% similar to current 
form proportions (centre 
and bottom area)

Obvious differences in 
form and size of each 
respondent, mostly featured 
with slim size in the centre 
area (–25% similar to 
current)
Looks new and different 
form

Interface 
layout button 
functions

Complex, many functions, 
different positions, all 
category functions (for 
support and advanced 
functions)
The main function is on top 
and support functions at 
the bottom, consistent with 
each respondent.

Less quantity of buttons 
but different location 
for support category of 
function
Main and advanced 
functions on top, 
consistent with each 
respondent

Simple, fewer, and almost 
consistent position of 
function; advanced function 
in a different location
Main function on top and 
support functions at the 
centre, consistent with 
each respondent

(continued on next page)
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Time Stamp Compared to Action Behaviour (Eye Interaction)

This analysis is based on respondents’ activities and behaviours recorded every 10 seconds 
over a total duration of 2,000 seconds. The analysis of these factors revealed design solution 
approaches, including interactions with reference materials and design sketches. As shown in 
Figure 5, timestamp and eye interaction data indicate that the ENG group exhibits two main 
behavioural patterns. The first involves intensive research and observation of product samples 
and reference materials, while the second focuses on brief observations of product functions 
and panels. This suggests that the ENG group’s intuitive design thinking emphasises usability and 
practicality. The ID group, meanwhile, focuses on ergonomic usability and aesthetics, beginning 
with online research and product testing before reviewing reference materials. In contrast, the 
IDE group conducts minimal observation before sketching, reflecting a stronger emphasis on 
aesthetic form over task understanding. The comparison of timestamps and behavioural data 
thus supports the criteria for the behavioural patterns addressed in Research Question 2.

Table 4  (continued)

Elements IDE ENG ID

Interpretation 
of concern 
factors

Aesthetic (character with 
detailing)

Usability and user 
weakness (simple 
operating system and 
ergonomic)

Aesthetics (new style), 
usability and user weakness 
(simple operating system 
and ergonomic)

Overall Different design thinking approaches and concern factors from each other

Figure 5 The comparison of data analysis of eye interaction and timestamp from the engineering group



Zainudin Siran, Rusmadiah Anwar, and Mohd Hafizuddin Mohd Yusof   61

DISCUSSIONS

The Character of Intuitive Design Thinking on Problem Solving

To determine the characteristics of intuitive design thinking and problem solving across all 
groups, a comparative analysis was conducted using the DPA data, Design Thinking theory, and 
Domain Knowledge, as visual reasoning reflects cognitive processes in design (Oxman 2002).

Tables 5 and 6 present the final findings of all groups on the characteristics of intuitive design 
thinking in design solutions, derived from a three-layer analysis emphasising their concerns and 
problem-solving approaches. The IDE group shows: (1) a strong focus on intuitive (aesthetic) 
elements; (2) moderate concern for product functions and ergonomics; and (3) low concern for 
usability due to limited research on fundamental issues. The ENG group demonstrates: (1) high 
concern for user usability factors; (2) moderate attention to product functions and ergonomics; 
and (3) low concern for intuitive and aesthetic aspects. The ID group emphasises: (1) ergonomics 
and product functions, particularly in handgrip form, size, and button layout; and (2) moderate 
concern for aesthetics and usability. These findings clarify the characteristics of intuitive design 
thinking and problem solving related to Research Question 3.

Table 5 Three-layer analysis summary of intuitive design thinking behaviour in problem solving

IDE ENG ID

Approach Concern Approach Concern Approach Concern

Ey
e 

in
te

ra
ct

io
n-

re
se

ar
ch

Re
se

ar
ch

 1

Short observing 
product sample 
by hand-held 
test and a little 
observation 
review of some 
other reference 
materials

A little 
concern 
on button 
functions

Begin with 
intensive online 
research and 
product sample 
testing

Usability: 
Ergonomic 
of hand-
held posture 
and elderly 
weakness

Begin with 
online 
research, 
sample 
testing and a 
little review 
of other 
reference 
materials

Usability-
elderly 
issues/ 
limitations 
and 
ergonomic 
of hand-held 
posture

Re
se

ar
ch

 2 A little and 
consecutive 
stage of study 
button function 
through Panel 4

A little 
concern 
on button 
functions

Begin with main 
component of 
Panel 4, then 
internet search

Product 
function 
(button 
functions) 
and elderly 
limitation

Study Panel 
4 after online 
research 
and product 
sample 
testing

Product/ 
button 
function 
and little 
of elderly 
limitations

D
ra

w
in

g

Bo
dy

 c
as

in
g 

de
si

gn

Bo
dy

 c
as

in
g 

1 Hand-held 
posture 
with 
decorative 
form 
stylisation 
at bottom 
and centre

Highly 
concern on 
aesthetic and 
slightly on 
ergonomic 
(hand-held 
posture)

Shorter and 
smaller size 
dimension, 
narrow bottom 
side, rounded 
form

Usability: 
Ergonomic of 
practical size 
and hand-
held posture

Body casing: 
Slimmer 
holding area 
and shorter 
total size, 
rounded 
form, new 
design form

Usability- 
ergonomic 
for grip, to 
reach few 
buttons by 
one finger, 
elderly 
limitations
Aesthetic: 
Proportion 
and design 
balance

Bo
dy

 c
as

in
g 

2 Decorative 
parts with 
no reason

Highly 
concern on 
aesthetic 
without clear 
functions

Remain as 
current size of 
body casing and 
rounded form

A little 
concern on 
ergonomic

(continued on next page)
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IDE ENG ID

Approach Concern Approach Concern Approach Concern

D
ra

w
in

g

In
te

rf
ac

e 
of

 b
ut

to
n 

fu
nc

ti
on

s

Interface 
design: remain 
all quantity of 
current buttons, 
regroup related 
functions, and 
reposition of 
main functions, 
different shape 
of the main 
button

A little 
concern on 
usability by 
emphasising 
the form, 
size, and 
main button 
for easy to 
recognise 
the main 
functions

Interface 1: 
Reduce quantity 
buttons, 
regroup related 
functions, and 
reposition main 
function on 
top, and canter 
parts, different 
forms, bigger 
size, and wider 
gaps of main 
buttons

Deep concern 
on usability 
through 
simple 
operating 
system, 
remain basic 
function only 
and reachable 
button by 
single finger.

Interface: 
reduce 
quantity 
buttons, 
grouping 
similar 
functions, 
reposition 
different 
shape and 
wider gaps, 
to matching 
shape with 
body casing

Ergonomic 
on main 
function only 
and simple, 
reachable 
position by 
one finger
Aesthetic: 
Proportion 
and design 
balance

Interface 2: 
Remain almost 
all quantity 
functions, 
emphasise 
main button, 
reposition main 
function on 
top and canter 
parts

A little 
concern on 
usability-easy 
recognise 
main button

O
ve

ra
ll 

de
si

gn
 a

pp
ro

ac
h 

of
 ti

m
es

ta
m

p G1) Research: Short study sample 
hand-held test and a little review 
other materials
Body casing: Hand-held with 
decorative at bottom and centre
G2) Research: A little and 
consecutive study button function 
Panel 4
Body casing: Decorative with 
no reasons Interface: remain 
all quantity buttons, regroup, 
reposition, different shape of the 
main button

G1) Research: Begin intensive 
online research and sample 
testing
Body casing: Shorter and 
smaller size, narrow bottom, 
rounded form
Interface: Reduce quantity 
buttons, regroup, reposition, 
reform, resize, and wider gaps
G2) Research: Begin Panel 4, 
then online research
Body casing: Remain current 
size and rounded form
Interface: Remain all quantity, 
emphasise main button, 
reposition top and canter

G1) Research: Begin online 
research, sample testing and 
a little review others
G2) Research: A little online 
research, Panel 4, sample 
testing
Body casing: Slimmer holding, 
shorter, rounded form, new 
design form
Interface: Reduce quantity, 
grouping, reposition, 
different shape, wider gaps, 
to matching to body casing

O
ve

ra
ll 

co
nc

er
n 

fa
ct

or
s 

of
 ti

m
es

ta
m

p

G1) Research: Short study sample 
hand-held test and a little review 
other materials
Body casing: Remain current size, 
decorative and slimmer at hand-held 
area, bottom and centre part
G2) Research: A little and repeat 
study of button function Panel 4
Body casing: Remain current size, 
decorative with unclear purpose
Interface: Remain all quantity, 
regroup, reposition, different shape 
and size main button, button to 
matching to body casing

G1) Research: Begin intensive 
online research and sample 
testing
Body casing: Shorter and 
smaller size, slimmer bottom, 
rounded form
Interface: Reduce quantity 
buttons, regroup, reposition, 
reform, resize, and wider gaps
G2) Research: Begin Panel 4, 
then internet search
Body casing: Remain current 
size, rounded form
Interface: Remain all quantity, 
different shape and size main 
button, reposition top and 
canter

G1) Research: Begin online 
research, sample testing and 
a little review other materials
G2) Research: A little online 
research, Panel 4, sample 
testing
Body casing: Slimmer holding, 
shorter, rounded form, new 
design form
Interface: Reduce quantity, 
grouping, reposition, 
different shape, wider gaps, 
and button to matching to 
body casing

Table 5  (continued)
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Table 6 Final character of intuitive design thinking behaviour on problem solving for all groups

Patterns IDE ENG ID

Behaviours/
actions

Spend long time for 
drawing
Frequently testing product 
sample while drawing
Less observed in Panel 4, 
but often repeated

Overall phase by phase 
process
Spend long time on 
research, but short time on 
drawing
Begin with intensive online 
research and product 
sample testing, then turn 
to drawing

Repeat the process of 
research and drawing
Begin with moderate online 
research/sample study and 
less review on reference 
materials

Problem-solving 
character A

Tend to start design early 
with less time for research
Highly focused on design 
works through, often 
referring to product 
samples, product functions, 
and ergonomics

Tend to clarify issues from 
the project task
Highly focus on the 
research stage, then the 
design works stage
Highly concerned with 
usability and ergonomics, 
but less intuitive

Tend to reconfirm all issues 
while designing in three 
phases repeatedly
Highly focused on research 
and design works through 
three-phase processes

Interaction Longest time spent on 
drawing and lowest time 
spent on online research

Longest time spent on 
research, but lowest time 
spent on drawing

Moderate time spent on 
drawing and research, 
repeatedly

Problem-solving 
character B

Focus on the product 
concept rather than the 
fundamental issue of the 
task

Focus on the fundamental 
issue of the task rather 
than the product concept

Focus on both fundamental 
issue of task and product 
concept

Drawing 
morphing: 
form/line

90% of all designs are 
similar to the sample 
model: basic form, size and 
proportion. Design: strong 
character and detailing, all 
designs are quite similar to 
each other

60% of all designs are 
similar to the sample 
model: basic form, size and 
proportion (similar in the 
middle and bottom area), 
40% new size.
Design: mostly similar to 
the market

80% of all designs are 
different from the sample 
model: basic form and size 
(slimmer in the middle 
area), 20% similar in size
Design: new form and 
proportions, mostly 
shorter/slimmer than the 
sample

Problem-solving 
character C

Tends toward decoration 
detailing and character, 
focus on aesthetics 
(intuitive) and moderately 
ergonomic

Unclear design direction as 
mostly inspired by current 
design research, with a 
focus on ergonomic form

Tends toward radical 
design on basic form 
through new size and 
proportion with ergonomic
Moderate concern with 
aesthetics (intuitive) and 
usability

Drawing 
morphing: 
button layout

Complex, many buttons 
and category functions
Shape form is integrated 
into the body casing form

Simpler and fewer button 
functions category
Button shape is not 
integrated into the body 
casing form

Simpler and fewer button 
functions category
Button shape is integrated 
into the body casing form

Problem-solving 
character D

Unsure of the priority of 
the function

Understand the priority of 
button functions related 
to usability, through direct 
interpretations of the 
design form

Understand the priority of 
button functions related to 
usability
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Recommendations

Proposed New Conceptual Model for Design Management Organisation

Based on the data analysis, a new conceptual model for design management in NPD is proposed, 
integrating three key domains: engineering (ENG), industrial design (IDE), and interface 
design  (ID), to address differences in intuitive design thinking behaviours. These domains are 
essential throughout the NPD process, from concept development to production. Traditionally, 
each domain operates independently, focusing on distinct concerns such as usability, ergonomics, 
functionality, user issues, and aesthetics (Figure 6). The proposed model, however, unites these 
domains into a single collaborative platform, fostering multidisciplinary interaction and transparency 
in addressing product requirements, specifications, and procedures. For instance, the ENG group 
can rationalise the IDE group’s aesthetic-oriented concepts, while the IDE group can consider 
technical, cost, and manufacturing constraints. This integrated approach minimises domain 
disparities and promotes a more balanced and holistic design thinking within NPD organisations.

Proposed Operational Changes for NPD Organisations

The research findings, mapped to the Matrix Organisation Structure model by Ulrich and 
Eppinger (1995) and Hayes et al. (1988), clarified the specific characteristics of design thinking 
behaviour across different domains. This framework helps define appropriate roles, enhance 
collaboration, and optimise iteration timing to align with project tasks and objectives (Table 7).

Figure 6 Proposed new conceptual model for design management organisation
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Table 7 Proposed operational changes for NPD organisations

Knowledge 
domain Roles Collaboration for new product concepts Iteration timing

Interface 
Design (ID)

Mainly concerned with 
product function and 
ergonomic (as well as 
moderately on aesthetic 
and usability)
Role as project manager 
of the product design 
division

IDE: Concerned with the aesthetic and 
function of new product concepts

IDE: Approx. 3 to 
5 days

ENG: In the context of the function and 
usability of new product concepts

ENG: Approx. 
1 to 1.5 weeks 
(including product 
testing, etc.)

Industrial 
Design (IDE)

Mainly concerned with 
the product aesthetic 
(intuitive)
Role as creative section 
manager (or art director)

ID: Concerned with the aesthetic and 
function of new product concepts

ID: Approx. 3 to 5 
days

ENG: Concerned with the aesthetic and 
usability of new product concepts, i.e., 
design modification for technical and cost 
matters
To reduce the high aesthetic element 
for cost-effective reasons, and for 
rationalisation of manufacturing or 
technical matters

ENG: Approx. 
1 to 1.5 weeks 
(including product 
testing, etc.)

Engineering 
(ENG)

Mainly concerned with 
product usability
Role as general manager 
of the research and 
development division

IDE: Concerned with the aesthetic and 
usability of new product concepts, i.e., 
evaluating product quality and aesthetic
ENG can rationalise the conceptual design 
from IDE, which consists of high aesthetic 
elements

Approx. 1 to 1.5 
weeks (including 
product testing

ID: In the context of function and usability 
of new product concepts

CONCLUSION

The study of the root causes clarifies the fundamental challenges of design management 
in multidisciplinary organisations, emphasising the role of intuitive design thinking across 
different knowledge domains. The design experiments revealed specific factors influencing 
variations in intuitive design thinking behaviour, closely linked to problem-solving modalities. 
Adopting these findings enables the exploration and application of more innovative and open 
design processes in NPD. This aligns with Pahl et al. (1996) and Liu et al. (2021), who stated that 
problem solving drives creativity through diverse activities and applications. Moreover, since 
design organisations inherently integrate multiple knowledge domains in product development, 
these findings provide a foundational reference for NPD processes, highlighting the importance 
of understanding design thinking characteristics across disciplines.
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