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Abstract

This paper aims to present the three-dimensional (3D) packaging structure
design based on the agile software development and internet of things (IoT)
platform, which an efficiency validation of IoT platform is required. The
objective of this research is to investigate the model development of 3D
multimedia-based packaging structure using the webserver design and agile
software development applied in the design and implementation process. This
model development methodology comprises how the IoT platform as the
client-server architecture that is used to develop and support the orthographic
projection techniques, information sheet, worksheet and multimedia presen-
tation in the modern product design. The empirical results show the creative
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thinking of the group of young designers that can be achieved efficiently.
The proposed model development can increase significantly the fundamental
knowledge and interactive design ideas of young designers combining from
the two-dimension to three-dimension packaging structure model.

Keywords: IoT platform, 3D packaging model development, agile software
development.

1 Introduction

In this recent, an interactive 3D multimedia content has been widely used to
support how to design in the areas of the software modeling, game creation,
learning and management [1, 2]. In [1], the authors have summarized that
students’ internal motivation could be evaluated through the creativity by
the innovative teaching implementation for the packaging design course.
In [2], the virtual reality (VR) and augmented reality (AR) technologies have
been applied to solve the problems of packaging design, serve the mod-
ern education technology for learning, and improve the students’ effective
learning.

Packaging design is the connection of form, structure, materials, color to
create a product suitable for marketing. In [3], the authors have found that
packaging design has an influence on the flavour perception, healthy eating
behavior and food consumption.

Internet of things (IoT) system is a kind of physical objects or things
network that are embedded with sensors, software, and other technologies
for connecting and transferring data with other electronic devices over the
internet system [4]. Examples of IoT platform are widely applied as the
Parallella board [5, 6] and the Raspberry Pi board [8]. Parallella board is an
embedded device with the high performance and credit card sized computer
based on the Epiphany multi-core chips from Adapteva. Raspberry Pi is a
series of small single-board computers with the low cost, modularity, and
open-source design.

Packaging design process is a series of steps that an entrepreneur takes to
prepare their own product for retail sales. The process includes the consider-
ation of structure design and shape for displaying the material and artwork to
touch most customers until payment. Because of the graphic design skill, new
designers will have less experience and understanding about the packaging
design process. There are two important problems of the packaging design
process as the structural fold forming step and the orthographic projection
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(a) Structural fold forming 

step (b) Orthographic projection step 

Figure 1 Problems of the packaging design learning.

step as shown in Figure 1. New designers must practice frequently about these
steps to make their own skills.

According to the previous research, there is no idea using IoT platform
based on the agile software development to progress the 3D multimedia pack-
aging design model. Therefore, the objective of this paper is to investigate
the 3D multimedia-based packaging structure model development using the
webserver design. Meanwhile, 3D multimedia is the helpful way to learn
about the graphic design. Agile software development (ASD) will be applied
in the design and implementation process. This proposed model development
methodology comprises how the IoT platform as the client-server architecture
can assist to develop and support the graphic design skills.

In this paper, the motivation is to implement 3D multimedia-based pack-
aging structure design by using the agile software development. An IoT
platform as the client-server architecture is to support the efficiency validation
during the packaging design process. The aim of this research composes the
packaging structure design based on the webserver design using the ASD in
the design and implementation process.

This paper will be arranged along these sections as follows. Section 2
introduces briefly the agile software development. Then, Section 3 describes
the modern product design. Section 4 proposes the research methodology
of this paper. Section 5 introduces the proposed 3D multimedia packaging
design based on the ASD and IoT platform. The empirical results are detailed
in Section 6. Finally, Section 7 concludes the research.
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2 Agile Software Development

Agile software development (ASD) is a set of frameworks and practices
involved the requirement and developing solutions through the collaborative
effort of self-organizing and cross-functional teams. This makes the end users
encourage flexible responses to develop ideas [7]. Accordingly, the team
development concentrates on the functions needed at first hand, delivering
them fast, collecting feedback and reacting to receive information.

ASD [8] was developed by James A. Highsmith III, and published in
2000 [9]. ASD focuses mainly on the problems in the developing complex
and large systems. The ASD method strongly encourages incremental itera-
tive development with the constant prototyping. Fundamentally, ASD is about
how to make balance on the edge of chaos that aims to provide a framework
with necessary guidance for creativity.

An ASD cycle consists of three phases as speculate, collaborate, and
learn shown in Figure 2. The first phase is called ‘speculate’ phase includes
the project initiation and the adaptive cycle planning. The second phase
is named ‘collaborate’ phase that is the concurrent component engineering
process. The final phase is called ‘learn’ phase including the quality review,
final question/answer and release a beta design. Between the ‘speculate’ and
‘learn’ phases, the learning loop is the feedback information from the quality
review that can help adaptively the cycle planning until releasing a beta
design.

Figure 2 Agile software development process [10].
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3 Modern Product Design

Recently, the product designs often need multi-disciplinary technical support
together. In this section, the modern product design is proposed with the seven
key-disciplines including with an ergonomics, user interface/user experience,
packaging, 3D structural packaging design, active learning, web design, and
internet of things. The details of the modern product design are described
briefly as follows.

3.1 Ergonomics

The ergonomics [11] is the analysis and study of the interactions between
people and machines, people and working environment as well as mechanic
and environment. This design is a simple operation and labor saving and com-
fortable products for well-being life with the human-machine environment.

Ergonomics is the science of fitting a task into human and products [12].
Designers must consider how to design many products, environments and
concerning systems in terms of the physical size and shape of target users
frequently. It refers to physical accommodation in the essential workplace
that is suited to the body size and mobility of operators.

3.2 User Interface/User Experience

User interface (UI) design is the main part for the usability of the software
product [13]. The model proposes four dimensions to structure the user
interface: the input/output dimension as ‘the look’, the dialog dimension
as ‘the feel’, the technical or functional dimension as ‘the access to tools
and services’, and the organizational dimension as ‘the communication and
co-operation support’.

User experience (UX) is how a user interacts and experiences with a prod-
uct. It includes a person’s perceptions of utility, ease of use, and efficiency.
Improving user experience is important to most designers when creating and
refining products.

3.3 Packaging

The packaging is an important instrument in commercial and trade role to
increase the sales. The appropriate product packaging is to preserve and
provide the customer with choosing the right products.

Consequently, a cognition model for comprehension of product packag-
ing design is presented to understand the necessary environments shown in
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Figure 3 Cognition model for comprehension of product packaging.

Figure 3. Starting from the left-side of Figure 3, the comprehension cycle
of package design consists of the consumption, mood, attractiveness and
memory from recipient that can adapt for package design at the right-side
of Figure 3 in forms of the user experience of package design.

3.4 3D Structural Packaging Design

The 3D structural packaging design is a 2D design to showcase 3D work
by explaining the concept to a new look by creating a 3D shape, linking the
work from the original 2D shape [10]. The concept of how to create structures
includes the serial planes structure, wall structures, prisms and cylinders,
repetition structure, polyhedral structures, triangular planes structure, linear
framework, and linear layers as shown in the right-side of Figure 4. Then, 3D
shape structure for this packaging design is shown in forms of the isometric
structure in the left-side of Figure 4. The key of the packaging structures
pattern is to communicate and make understanding that designers can link
with all packaging details by improving the thinking process from the 2D to
3D model of packaging prototypes or 3D sketches.

3.5 Active Learning

Active learning is a common technique used to improve learners’ comprehen-
sion in which learners are actively or experientially involved in the learning
process both comprehension and memory. In [14], the empirical study offers a
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Figure 4 Creating a 3D shape structure for packaging design.

framework for designing activities that will promote learning systematically,
which help to enable students to learn effectively.

3.6 Web Design

Web design encompasses many different skills and disciplines in the produc-
tion and maintenance of websites. The different areas of web design conclude
the web graphic design, user interface design (UI design) including with
the standardized code and proprietary software, user experience design (UX
design) and search engine optimization

Recently, the responsive web design approach suggests how to design and
develop using the response from the user’s behavior and webpages render
well based on a variety of devices, platform and orientation [15].

3.7 Internet of Things

The internet of things (IoT) is a novel paradigm that is rapidly gaining ground
in the scenario of modern telecommunications [6]. IoT definition [4, 5] is the
interconnection of machines and devices through the internet enabling the
creation of data that can yield analytical insights and support new operations.
In this paper, IoT platform is applied to collect and share sources supported
the agile software development.
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4 Proposed Methodology

The proposed research methodology of the agile development and efficiency
validation of internet of things platform for packaging structure design is to
improve the designers’ skills based on the seven key-disciplines of modern
product design presented in Section 3.

An agile software development (ASD) method is proposed concerning
with the modern product design developed by the internet of things (IoT)
platform for 3D multimedia packaging structure design as shown in Figure 5.

We arrange the research methodology following the three-phase cycles of
ASD shown in Figure 2. The ‘speculate’ phase includes the design through
IoT platform and the redesign by games and activities. A ‘collaborate’ phase
is the survey for pre-test and post-test of packaging design experiments. The
‘learn’ phase is a final step including the analysis of experiment results and
conclusion.

A conceptualization based on an agile software development process
shown in Figure 2 is to optimize and evaluate the potential success of project.
In this section, the conceptualization of 3D multimedia packaging structure

Figure 5 Proposed research methodology of 3D multimedia packing design.
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design in Figure 5 consists of two stages as a preliminary design and a
packaging design as follows.

(1) A preliminary design is a trial stage between the design conception
and detailed packaging design, which uses to evaluate firstly how a
concept design of webpage is suitable by a set of pre-test survey question
examples. Then, ASD is to analyze these survey questions for making a
learning loop to redesign the next stage.

(2) A packaging design is to elaborate each aspect of the packaging design
by the complete description of detailed design through the IoT platform.
This stage involves the redesign from a learning loop for releasing the
current webpage on IoT platform and then to do a set of post-test survey
questions. Analysis of post-test survey examples will be reported.

5 Proposed 3D Multimedia Packaging Design Based on
ASD and IoT Platform

In this section, the proposed 3D multimedia packaging structure design based
on ASD and IoT platform includes the following additional parts as design,
survey & analysis and game creation for active learning.

5.1 Design

Proposed 3D packaging structure design through the IoT platform consists of
four components including with the contents of packaging structure design,
active learning events, webpage based on UI design and IoT platform as
presented in Figure 6.

• The contents of packaging structure design, such as the 2D to 3D pack-
aging structure model conversion, orthogonal projection techniques, 3D
packaging drawing, coloring and worksheet of lessons as isometric, box,
package, orthographic drawing which present in the webpage.

• Active learning practices are the worksheet of packaging structure
design as shown at the left-side of Figure 6.

• Webpage includes the packaging structure design course description, the
lesson of packaging structure design, and practices. Figure 7 illustrates
the beta version of proposed webpage of pre-test survey questions for
the webpage assessment of satisfaction. Results from pre-test survey are
used to redesign the webpage. Webpage design is created with HTML,
CSS framework and JavaScript. HTML and CSS works as page structure
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Figure 6 Concept design for packaging structure design [16].

Figure 7 A beta version of proposed webpage for pre-test survey questions.

and information while JavaScript is programming language to interpret
them that are on the front end of web application.

• IoT platform uses the client-server architecture and TCP/IP model from
computer network as shown in Figure 8 in order to provide and collect
the data from survey examples. The web-server is used the Raspberry
Pi 3 model B+ as an embedded IoT board and the client-server side
connects with the 30-personal computers. The specification of the Rasp-
berry Pi 3 model B+ consists of the Cortex-A53 1.4 GHz quad-core
processor, the operating system is Raspberry Pi OS, 1GB LPDDR2
SDRAM of memory, gigabit Ethernet, and 5V/2.5A DC power input.



3D Multimedia Packaging Design Based on Agile Software Development 485

Figure 8 Internet of things platform system design.

  
(a) Analysis of results from survey (b) Discussion about pre-test 

survey 

Figure 9 Survey & Analysis.

The personal computer specification includes the Intel Core i7-6700
3.4 GHz quad-core processor, the operating system is Microsoft Win-
dows 8.1 64bit, 8 GB DDR3 SDRAM of memory, AMD Radeon R7340
2 GB of graphic processing unit, and 2 TB of storage.

5.2 Survey & Analysis

There are two types of survey as a pre-test survey and a post-test survey as
follows.

(1) A set of pre-test survey question is used to interview the random 50
people who have studied in Suan Sunandha Rajabhat University for
the webpage assessment of satisfaction on a beta version of webpage
as shown in Figure 9. Results from pre-test survey are analyzed by
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Figure 10 Redesign the Webpage through user experience.

administration and instructors in order to redesign webpage for releas-
ing the current webpage following the user experience (UX) such as
coloring in the user interface (UI) part depicted in Figure 10.

(2) A set of post-test survey examples is applied to test the 10 young
designers who have studied in the course of packaging structure design,
department of design and packaging in Suan Sunandha Rajabhat Uni-
versity. The topics of interview are related to the contents of packaging
structure design, active learning lessons, webpage based on the UI
design and IoT platform in order to evaluate the learners through game
for active learning.

5.3 Game Creation for Active Learning

Additionally, the game creation on webpage is presented as detailed in
Figure 11. The game creation for the active learning designs by following
the idea of orthographic projection technique in forms of isometric box based
on worksheets and exercises. The objective of game creation is to help the
new learners understand through the game that will lead to reduce the time
learning about the basic concept of fundamental packaging structure design
course for young designers.

Proposed UI/UX webpage on IoT platform is illustrated in Figure 11 with
3 steps as follows.

(1) Firstly, the input step consists of the welcome page, menu page and
teaching material. While login to server, user can select the exercise
concerning with the support teaching materials.
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Input 
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Game: 
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Fold forming 
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Figure 11 Game creation on webpage.

(2) Secondly, an user can learn and make the understanding about basic
concept of packaging structure design through the game exercises with
color and shape in terms of the isometric box and orthographic projec-
tion. Examples of design concept of game creation for active learning
are presented in Figure 12. An examination of relational dimension is
applied to evaluate the learners’ basic knowledge.

(3) Finally, an advance step of structural fold forming is used to test clearly
about structure and package through the unfolded paper worksheet
and fold forming packaging in forms of isometric box or orthographic
projection. A structural examination of relation dimension is used to
evaluate the learner’s knowledge.

6 Experimental Results

6.1 A Preliminary Design: Pre-test Survey Experiment

Pre-test survey experiment was of 50 undergraduate students in Suan
Sunandha Rajabhat University (SSRU) when they had given a set of
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Figure 12 Design concept of game creation for active learning.

satisfaction survey questions on a beta version of packaging structure design
webpage including with game for active learning, webpage based on user
interface design, and internet of things platform as shown in Figure 13.

The efficiency validation determination of agile development and effi-
ciency validation of internet of things platform for packaging structure design
in terms of attractive, readable, easy to use, colour and shape of game
exercises, functionality and use of webpage are concerned in the pre-test
satisfaction survey questions for the preliminary design.

Table 1 displays the mean values and standard deviation (SD) of results
from pre-test survey questions. These results are analyzed to redesign
webpage from user experience.

6.2 A Packaging Design: Post-test Survey Experiments

Post-test survey experiments were of 10 undergraduate students at the depart-
ment of design and packaging in SSRU. This study used an independent-
sample t-test in the post-test survey experiments to verify the proposed 3D
multimedia packaging structure design based on IoT platform affected the
creativity and understanding about the basic concept of packaging structure
design.

Table 2 shows the paired-sample statistics of the pre-test and post-test
examination of packaging structure design based on 3D multimedia game
learning. The first experiment: pre-test and post-test examination results were
as t = −3.467, p > 0.005 (p = 0.007). The second experiment: traditional
time learning and time learning on game were as t = 13.028, p < 0.001
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(a) Check IoT-based client-server (b) Discuss and redesign the webpage 

(c) Recheck and correct the webpage (d) Check the workflow of IoT-based 
server 

Figure 13 Survey and experiments.

Table 1 Mean and standard deviation of overall beta-version of webpage design evaluation
Question Description N Mean (SD) Results: Decision

1 Attractive and beautiful on webpage
interface.

50 3.96 0.66 Good

2 Design format on the website: readable and
easy to use

50 4.02 0.65 Very Good

3 Colour balance 50 3.22 0.58 Good
4 Proportion of coordination menu 50 4.86 0.40 Very Good
5 Suitability of the colour, content and

functionality
50 3.56 0.64 Good

6 Unique style Font: readable and beautiful 50 3.48 0.64 Fair
7 7.1 Balance on space dimension

7.2 Texture matches function
7.3 Unified form and function

50 3.44 0.57 Fair

8 Operation conforms with force rules IoT 50 3.79 0.59 Good
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Table 2 Paired Samples Statistics: mean and standard deviation of pre-test and post-test
survey examination of packaging structure design on game learning

Experiments N Mean (SD) t df Sig.

Set 1 Pre-test exam. 10 206.60 32.483 −3.467 9 0.007
Post-test exam. 10 211.20 29.264

Set 2 Traditional time learning 10 33.9840 6.05186 13.028 9 0.000
Time learning on Game 10 23.7190 5.10834

  
(a) Prototype of isometric –box packaging (b) 2D to 3D isometric-box 

Figure 14 Examples of applied packaging design learning.

(p = 0.000). These results indicated that 3D multimedia game learning into
the packaging structure design course can improve the students’ creativity
and significantly reduce the time on learning. Figure 14 shows the examples
of applied from packaging design learning. The young designers had learned
efficiently to create the prototype of 3D packaging product correctly.

7 Conclusion

Proposed 3D multimedia packaging structure design based on the agile soft-
ware development and internet of things (IoT) platform has been described
and tested on efficiency validation of IoT platform. The objective of this
research is to investigate the software model development of 3D multimedia-
based packaging structure design based on the webserver design and agile
software development in the preliminary design and packaging design pro-
cess. This methodology combines how the IoT platform as the client-server
architecture used to support the orthographic projection techniques, infor-
mation sheet, worksheet and multimedia presentation in the modern product



3D Multimedia Packaging Design Based on Agile Software Development 491

design. Experimental results show the creativity of young designers can be
achieved efficiently. The proposed model development can increase signif-
icantly the fundamental knowledge and interactive design ideas combining
the 2D to 3D packaging structure model by decreasing the time learning.
The statistical results encourage lecturers and instructors that 3D multimedia
and game learning based on active learning can be applied for teaching and
learning to advance packaging design course efficiently.
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