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Abstract

Computer-Aided Design (CAD) is the essential tools to create technical documentation and product specification for designing a product. Because of
this, a survey conducted to identify the needs and importance of the design aspect such as design requirement, design concept, detailed product
design and design evaluation. The result of a descriptive analysis indicated that significance of the elements of designing the quality product was at a
high level. Findings also state that there was a positive relationship between the design process among each aspect of the product design, and the
correlation shows a moderate level.
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1.0 Introduction

The technology on the product design process was developing and gave high impact positively. The product designs were expanding
well throughout the entire world and become the critical production of human needs. Therefore product design needs a systematic and
complete working plan to produce quality products (Sulaiman et al. 2011). The product must design based on the standard criteria
(Tayal, 2013). There would be minimal on the production cost if the products were developed in full fill the quality and the specification
needed (Bon, 2010). Therefore, the manufacturing industry should adapt into increase productivity by taking action on minimum the
product cost, responding to rapid changes and manufacturing, and optimize the design process to complete specific tasks (Schey,
2009).

Product design development becomes more important to attract consumers interim on functional and the use of the products
(Harston, 2012). The consumer or the user will become loyal if they purchase and use the right product designed (Shaukat, 2012).
The attractive and high-quality designs depend on product characteristics such as aesthetics, ergonomics (Kroemer, Kroemer &
Kroemer-Elbert, 2001), colours, overall shape, functionality (Ma, Chen, & Wu, 2007), safety, and others much affect the user's choice
of products (Soni, Khanna, & Tandon, 2013).

The purpose of this study is to identify the requirement and the importance of the development of developing the model and its
relationship with the CAD- and quality product design. This design model is essential to prepare as most students lacked soft skills
such as critical thinking, communication, and innovation (EPU, 2015). During the product development stage, it requires a sustainable
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ecosystem of innovation which is a somewhat tricky element to implement. Supported data from the analysis report on student design
work in the field of Design and Technology in the subject of Computer-Aided Design (CAD) shows that 65% of students weak on the
aesthetics element such as product features, product finishes, and product functions. Another 55% of students not mastering on the
ergonomic element encompassing the characteristics of product comfort to consumers and the functionality of the product. While 60%
of students are unclear in the initial idea development such as finding information on products to be designed and translated in the
form of idea sketches on product characteristics (Unit Penilaian dan Pentaksiran IPGKPT, 2016).

The weakness of students in aesthetics, ergonomics and the idea development on the product design will show that there was
less quality and less authentic. The results of the study conducted by Hassan, Ismail & Mustapha (2012), on Polytechnic students in
Malaysia showed that the creativity of the students was similar to the findings from the analysis report on IPG. The result showed
there was a significant difference in the idea of a product design prefix in synthesis activities using the CAD technology integration (M
= 80.6) compared to the synthesis activities using conventional methods (M = 67.1), t (1.18) = 17.18. The findings prove that creative
design can generate from the integration of technology is better than conventional methods. Synthesis activities with problem-solving
elements are also essential to highlight more creative ideas in the process of designing a product that meets the needs of consumers
(Mao et al., 2011).

2.0 Methodology

The survey research conducted to identify the development needs of the CAD product design model regarding product design
requirements, product design conceptual aspects, product detail design aspects and product design assessment aspects. The
researcher built the questionnaire instrument for this requirement analysis from the previous research and literature study questions.
The Cronbach's Alpha value for the entire questionnaire for the pilot study was 0.945. This study uses descriptive analysis to obtain
standard deviation value and min. Therefore, the sample size determination in this phase is based on the sample size determination
table by Krejcie, & Morgan (1970), which taking into account the identified population is close to 340. The sample size for this phase
study is 181 respondents consisting of the students from the program of Bachelor's Degree in Design and Technology Courses at
Teacher Institute (IPG) throughout Malaysia. In this study, researchers use multiple stratified random or random sampling methods.
This method chose because it will able to increase the probability of students in the population to be selected as a sample of the study
(Gray, 2013) and improved the accuracy of the results of the survey (Hancock & Mueller, 2010).

Results from questionnaire instruments were analyzed using the SPSS version 20 software. Descriptive analysis in the form of the
mean index, standard deviation, frequency, and a percentage used to determine the requirements of the CAD-based quality product
design model developed. The descriptive analysis also will be carried out to identify the importance of CAD-based product design
process. Pearson's correlation analysis will apply on the inference analysis which will apply on the null hypothesis (Ho), where to see
the relationship between the design requirements and the concept design and the relationship between the design detailing the study.
To assess the strength of correlation (r), Cohen (1998) recommends the following values: r = 0.001-0.29 (low), r = 0.30-0.49
(moderate), r = 0.50-1.00 (height).

3.0 Findings and Discussion

The design model needs in the production of a quality product highly demanded. The findings in Table 1 show that the majority of
students (98.3%) have never exposed to problem-solving design concepts in generating creative ideas in product design processes.
The proved to problem-solving design concepts that need to be taken seriously because the creating of a preliminary idea is a basic
necessity for a student in producing quality, creative and innovative design products (Chulvi et al., 2013; Tayal, 2013). The findings of
this study are similar to Yunus, Harris, & Hafiz (2006), which they report that the majority of product designs do not have real design
concepts that meet the aesthetic, ergonomic and creative features of the product. The weaknesses also identified in the Design and
Technology (RBT) student analysis coursework reported in the CAD subject showed that 60% of the students were unclear in the
initial idea initiation such as finding information on the product design process and idea development through sketches including an
aesthetic and ergonomic element in designing the innovative products (Unit Penilaian & Pentaksiran IPGKPT, 2016). Therefore, the
importance of idea development and basic the ideas for product design concepts can trigger by the application on the critical thinking
with the systematic process (Choo et al., 2011; Sulaiman et al., 2011).

Table 1. Student Exposure on Product Design Model Needs

Aspect Yes No
The concept of TRIZ copyrighted problem-solving design (Teoriya, Resheniya, Izabretatelskikh, Zadach)? 3 (1.7%) 178 (98.3%)
The CAD-based quality product design model that directly leads to teaching and learning? 7 (3.9%) 174 (96.1%)

The findings show that the majority of the students (96.1%) have never been exposed to a CAD-based product design model in the
learning process to produce product designs (Table 2). The findings of this study show the need for the development of a specific
product design model developed. Therefore, this result is in line with Osakue (2015) who pointed out that students can produce
product designs that meet the physical features of the product such as size, colour, surface finish and significant product dimensions. It
is corroborated with the study by Kusar et al. (2004), identified that other requirement, such as the specific steps in making particular
decisions associated with the development of CAD-based product design. Hence to get quality products, Summers & Shah (2010)
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explains that design errors can happen because of not following the design sequences process, which involves CAD. Therefore, every
sequence in the design process, which include the design elements become the guideline to produce quality product designs.

Table 2 shows the findings on the importance of the design elements in the product design requirements. The average score of the
significance of the design requirement aspect is 4.48 (SD= 0.403). This result shows that the importance of the design element is at a
very high level and is indispensable in the process of designing a quality product. This result corresponds to Ulrich & Eppinger (2012),
stated the first aspect of identifying for design requirement is the analysis of design problems faced by the user through an in-depth
study which needs to be done by the designer. Detailed, the mean value of each design element such as finding information (mean =
4.42), making comparisons (mean = 4.46) and reviewing the information (mean = 4.46) design from the perspective of the user is high
and most necessary in the process of designing the product. This finding coincides with the study by Tayal (2013) which mentioned the
critical the undertaking exploration, make the comparison and analyze the various designs to create a quality product design.
According to Taib & Hanafiah (2006) and Jalil (2000), mentioned that after identifying the design problems including the aesthetics,
ergonomics, colours, and safety, the detailed methods of settlement should implement during the design process. This design
problems is in line with the findings of the mean value of the study elements in identifying the design problems (mean = 4.58) and
applying the problem-solving method in the process of product design information study (mean = 4.50). The findings of this study are
in line with the survey by llevbare Probert & Phaal (2013) & Jin & Li (2009) that the product design process also involves with the
discussions on various product designs with the brainstorming activities, adding creative ideas with problem-solving methods.

Table 2. Importance of Design Elements in Product Design Requirements

No Element Mean SD
1 Analyze product design information from the multiple sources 4.42 0.667
2 Make comparisons of various product designs or existing products 4.46 0.582
3 Review the information provided by the customer 4.46 0.654
4 Identify design problems faced by users such as aesthetics, ergonomics, colour and product safety features 458 0.587
5 Apply the problem-solving methods in the process of product design information study. 4.50 0.574

Total 448 0.403

Notes: Mean 1.00-1.80=Very low, 1.81-2.60=Low, 2.61-3.40=Moderate, 3.41-4.20=High, 4.21-5.00=Very high

Table 3 shows the findings of the importance level of design elements in the aspect of the product design concept. Coincide with
the findings, as shown in Table 5; all mean values for each element are very high (above mean value 4.21). Suggestion ideas (mean =
4.49), idea generation process (mean = 4.63) and list ideas (mean = 4.51) product design. This finding supports Choo et.al. (2011)
statement that design concepts can trigger by the addition of ideas and critical thinking to systematic processes (Sulaiman ef al.,
2011). The findings also show that the importance of design elements in the perspective of students, such as making free-hand
sketches (mean = 4.49). Similar to the study by Hussain (2004), the findings of this study illustrate the importance of the sketches
elements of the idea development is a part of the design process stage. It also can be evaluated and develop it into the final concept,
which will meet the specification of the product design process (Jalil, 2000; Ulrich & Eppinger, 2012). Thus, designers can produce as
many ideas as possible by using various methods such as brainstorming, checklists, and morphological charts during the design
process. Accordingly to Baddam, 2014 and Ulrich & Eppinger, 2012, after identifying the final concept, the detailing design process will
start to ensure that the primary features such as sizes, colors, packagings, and dimensions will be applied in the design process. The
3D design drawing by using the CAD software will translate the details of design components such as drawing scale (Hassan et. al,
2016; Osakue, 2015). It will help to produce the dimension and a list of the material and standard engineering drawing format on the
product designed (Company et al., 2015; Quintana et al., 2010; Jalil 2000).

Table 3. The Importance of Design Elements in Product Design Concept

No Main Element Mean SD
1 Provide the product design idea which covers the interests of various parties (consumers, industries, and others). 4.49 0.523
2 Generate creative ideas and basic product principles in the product design process 4.63 0.517
3 List the ideas for brainstorming sessions in the process of the product designs. 4.51 0.534
4 Create free-hand sketches to help designers handle different design concepts. 4.49 0.534
5 Make improvements based on the selection of end design concepts that meet the design specifications. 4.46 0.582
Total 4.50 0.331

Notes: Mean 1.00-1.80=Very low, 1.81-2.60=Low, 2.61-3.40=Moderate, 3.41-4.20=High, 4.21-5.00=Very high

The findings in Table 4 show all elements on a very high mean value exceeding 4.21 which show that the final design sketches to
3D modelling, final design result, aesthetic, ergonomic, scale measurement and real images is critical. This finding also explains that
all the design elements in the design detailing become essential during the design process with an average mean score of 4.58.
Equivalent to the statement by Allen & Pearson (2016) and Tang et al. (2014), mentioned with CAD software, it will help students or
designers to produce quality, especially in 3D drawing.

Table 4. Level of Importance of Design Elements in Product Design Detailing
| No I Main Element | Mean SD I
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1 Transfer final design sketches into 3D CAD 457 0.528
2 Produce end design based on aesthetic and ergonomics by using CAD 4.62 0.531
Consider the physical features of the product such as size, colour, surface finish and significant product dimensions
3 . 4.60 0.513
for the product design process
4 Scaling the product by using the CAD. 452 0.533
5 | Application material images by using the CAD 458 0.517
Total 458 0.379

Notes: Mean 1.00-1.80=Very low, 1.81-2.60=Low, 2.61-3.40=Moderate, 3.41-4.20=High, 4.21-5.00=Very high

Table 5 is an analysis of the design elements in design evaluation aspects for the creation of CAD-based on quality products. The
elements contained were evaluated the design regarding the planning ability, the product quality, the product justification for the final
stage and the design competence rubric. Based on table 5, there were four items identified for design elements in product design
evaluation. The analysis of each item indicates that the majority of the students agree on the importance of design evaluation on all
design elements with the mean score between 4.55 (very important) to 4.60 (very important).

Table 5. The Importance of Design Elements in the Product Design Evaluation

No Main Element Mean SD
1 Evaluate working plan, planning ability, info research and creativity idea. 4.55 0.581
2 Evaluate product quality based on originality, finishing, ergonomic, aesthetic and product safety 4.58 0.558
3 Evaluate the outcome of the product design by observing and justify the quality of the design. 4.56 0.550
4 Evaluate the quality of the product designed through the competence rubric development. 4.60 0.525

Total 457 0.406

Notes: Mean 1.00-1.80=Very low, 1.81-2.60=Low, 2.61-3.40=Moderate, 3.41-4.20=High, 4.21-5.00=Very high

This finding illustrates that the production of quality designs and the design assessments are also an essential aspect in
determining the competence of students. Although the teacher has a lot of time to make observations during the design process in the
classroom, the products designed that to be evaluated in manually are insufficient (Nurhibatullah, 2014). The methods such as
analytical evaluation (Jamaluddin et. al., 2012) and holistic assessment can give a clear overview of the product design process
(Ministry of Education, 2016). Although the student's perspective shows the design aspect of the product design is very important, still
student designs outcome doesn’t show the concrete of the design concepts that meet the aesthetic, ergonomic and creative
characteristics (Yunus, Harris & Hafiz, 2006). Therefore, the evaluation by using rubric competence which listed the detailed drawing
elements of CAD can evaluate in term of aesthetics, ergonomics, colour, usability, and safety needs to develop (Taib & Hanafiah.,
2006; Ulrich & Eppinger 2012; Chen & Wang, 2012; Makhbul, 2012; Pheasant, & Haslegrave, 2016). According to the students
perspective, they're assumed that the design aspect of the detailing design is the most important compared to other elements (design
requirements, concept design, and design evaluation).

Table 6 shows the correlation values among design processes, design requirements, concept designs, detailed designs and
product evaluations. The positive correlation value is straightforward given for the design process with design requirements (r = 0.354).
The design concepts and designs detailing are positively correlated with the design process (r = 0.430 and r = 0.425). The design
evaluation aspect is moderately correlated with the design process (r = 0.476). Significant value for all aspects studied is p = 0.000
<0.01. Therefore, reject the Ho where it states that there is no significant relationship between the design process with design
requirements, concept design, detailed design and design evaluation in designing. This decision finds that all aspects have a good
relationship with the design process when designing the product is implemented, but the relationship is at a moderate level.
Corresponding to the design model proposed by Ulrich & Eppinger (2012), emphasis on the customer requirement information
analysis, conceptualization, initial and advanced improvements and the final design concept becomes the important and
interdependent phase. There were similarities with the design model by Ulrich, & Eppinger (2012) and Pugh & Clausing (1996),
emphasizes the design model must include the product design specs, conceptual designs, design details.

Table 6. The Relationship Between Design Processes with Designer Requirements, Design Concept, Design Detailing
and Design Evaluation in Their Forms of Product

Design Requirement Design Concept Design Detailing Design Evaluation
Pearson Correlation .354" 430" 425" A76”
Design Process Sig. (2-tailed) .000 .000 .000 .000
N 181 181 181 181

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

Although there was a good relationship between the aspects studied with the design process, its interrelation at a modest level.
This finding demonstrates that students need to empower the design aspects required in the product design process with the elements
of creativity and innovation. Corresponding to the views expressed by Le Masson, Weil and Hatchuel (2010), the innovation elements
also play an essential role in promoting creative and creative ideas in the production of quality product designs. Hence, the purpose of
this initial study is to identify the need and importance of developing a CAD-based design model in producing quality products.
Mastering the design aspect can be implemented if some weaknesses in innovation ecosystems such as weak on the ergonomic
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element, unclear in the initial idea development and translated the idea in the form of an idea sketch on product characteristics (Unit
Penilaian dan Pentaksiran IPGKPT, 2016).

There also lack critical thinking skills among students from the lower level to IPT level. Most students require soft skills such as
critical thinking, communication, and innovation (EPU 2015). Soft skills are needed because it becomes a synthesis activity with
problem-solving elements. Creative ideas in the design process will meet the needs of consumers. Mao et al., 2011 and Sulaiman et
al., 2011 also highlight the design process is the most critical process which must meet the specifications and the consumer demand.
Hence, problem-solving and creative thinking are required to provide ideas for product design development (Chulvi et al., 2013).
Therefore, there is a need to develop a specific model for CAD-based product design in producing quality products and meeting
specified specifications. CAD is a tool that applies and covers every design process requirement.

4.0 Conclusion & Recommendations

Product design development is a process that involves many considerations and decisions in different levels method. Design concepts
become crucial in realizing the development of quality products at the starting process with the idea of creating quality product design.
At the stage of brainstorming, a systematic method needs to apply that can generate innovation and creative problem-solving. One of
the purposes is research on consumer request and needs. While on product design detailing stage can highlight the design concept by
using the CAD application. The CAD can help in creating product designs ranging from the stage of a product design concept to the
technical documentation. The use of CAD will save time and energy for the design process and the manufacturing process.
Furthermore, this study can help provide empirical evidence of the importance and requirements of the design element to produce a
quality product design and meet the standards specification.
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