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Abstract
The paper is set out to explore the factors, like cost and time saving, 
that shows how 3D printing strengthens R&D collaboration among 
academia and industry.3D printers are becoming the need of era and 
are applicable in many sectors like medical, aerospace, automotive, 
architecture, construction and consumer goods etc. R&D collaboration 
leads to the leverage of knowledge and drive innovation within the 
companies. R&D collaboration is two-way teamwork where teams can 
work by the give and take principle. For the collection of data face-to 
face in-depth interviews were conducted. N Vivo 12 software has been 
used for the in-depth qualitative analysis which shows how additive 
manufacturing strengthens R&D collaboration among academia and 
industry. Many techniques have been used for the validation of different 
themes of the study such as coding nodes, thematic diagrams, word 
tree, word tag clouds and tree map. The theoretical and practical 
significance of the study includes its contribution towards qualitative 
research, establishing innovation nexus, bridging the gap between 
science and technology, and stimulating regional development. 
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Introduction
3D printing allows the printer to print solid objects that can be 

touched and felt (Kaur, 2012). 3D printing process is also known as 
Additive manufacturing; it’s an additive printing process. Charles W. 
Hull was the one who replaced Traditional manufacturing by additive 
manufacturing. It’s a technology that gives a print in 3D object form. It is 
predicated on the ink-jet rules and can also print objects in different
materials. Through special software the file is being processed through
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computer Aided-Design (CAD) software and it is being spliced into two 
dimensional layers. The 3Dprinters work in such a way that it prints the 
object layer by layer with extra help from a soluble stuff. The supportive 
stuff is used to join the portions of the object. This can be understood by 
the example that the top of the hammer is printed and then attached with 
the body of the hammer. Files that are used in 3D printing are Stereo-
Lithography files or in short are known as STL files. The process can be 
understood in such a way that you have a source files which represents 
an object, the source file can be created or it can be downloaded from 
internet. Then you have to transfer the file from your desktop to the 3D 
printer (Martin, Bowden, & Merrill, 2014). The history of 3D printing 
dates back in 1984 when Grynol started his research on three 
dimensional printing that the first machine specified for 3D printing 
known as the Stereo Lithography Apparatus (SLA) was advanced by 
Charles Hull. DTM Inc. then in 1989 a refined version was produced 
known as Selective Laser Sintering(SLS) machine that used a powder 
coating rather than liquid for creating the model. The advancement kept 
on going and in 2013 the Market-bot Industry executed a digitizer 
desktop 3D scanner that turned the physical objects into digital designs. 
3D printing development can be used as a piece of diverse fields, for 
instance; footwear, advanced diagram, advancement, auto, avionics, 
dental and therapeutic organizations, direction, geographic information 
systems etc. 3D printers can be used by archeologists and chronicled 
focuses, to make duplicates of prominent ancient pieces. It also includes
works of model, tweaked I-Phone case, make toys for kids, ultra-light 
and climaxed fitted shoes, custom bike packaging and road cycling 
defensive tops for bicyclists, electric guitars can be handmade, kitchen 
utensils, vehicles, Models of bone breaks, split organs, compact speaker 
producers to make ear structures and shells for patients, broken jaws 
substitution,  make crowns and frameworks by dental pros gnaw 
engraving wounds plastic toys, coffee makers, plastic containers and 
compartments ceramic creation and pearls(Walters & Davies, 2010).

Gibbons and Barnes (2004) suggest that a better coordination 
between the university and industry can be achieved only if there is an 
appropriate stability in the goals of the academics and the industry. R&D 
collaboration efforts in the research and development projects help to cut 
costs of research and in the development of competitive products. In
2010, Yildirim and Guven stated in their research study that the idea of 
university industry collaboration contains all the efficient works in the 
field of exploratory and mechanical change by uniting the potential 
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results, for instance, students, analyst, specific devices with making of 
business area, and the situation of students, apprenticeship, and 
practicing the learning of analysts. The purpose of this study is to 
emphasize on 3D printing technology along with the way it is over 
powering the industrial equipment. A number of companies have entered 
the new horizons where the next technology which is 3D printing is on a 
rise. This study will show how 3D printers industry will strengthens the 
R&D collaboration of academia and industry collaboration basically 
main aim of collaboration is to share benefits among each other. This 
thesis will draw attention to the factors that how 3D printing industry 
will strengthens the collaboration and will result in their succession.

Literature Review
History of 3D Printers

Devin Peek and Elizabeth Stark (2010) stated that3D printing is 
a process which is known as additive printing which is based on inkjet 
printing rules. By using such technology a wide variety of materials can 
be used to make a three dimensional product. Recently this technology is 
quite expensive but is it becoming affordable. As this technology has the 
potential to bring change in medical model production and prototyping as 
it can produce beneficial products in future as well. The main aim of the 
research is to find the technological advancement that can bring different 
aspects of industries it covers different areas such as high-risk surgery, 
dentistry and prosthetics. Kaur (2012) stated in the study that 3D printing 
means designing solid items from a set of digital data, in this whole 
process a 3D printer is used which starts processing an electronic file and 
finally turning it into solid model, forming an imaginary form of reality 
or instead an item built with coatings of plastic. A 3D printer can make 
whatever a student, teacher or a librarian can design. A limitation of 
printers can be its size or scale nevertheless 3D printers allow anything to 
be formed originally that exists in the world.

The Co-founder, executive vice president and also known as the 
chief technology officer of the 3D structures was the Charles W. Hull, he 
was also known as the Chuck Hull. He was born on 12th May 1939. 
Basically he was the one who gave the idea of physical objects which 
was later known as stereo lithography which is known as 3D printing.
Hull was able to build a patent portfolio that cased up many significant 
portfolios which are the main characteristics of the present additive 
manufacturing technologies this can be understood by an example that is 
it is made by triangulated models in a file format of STL that is layering 
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and then revelation of the strategies like hatch directions. Hull salary in 
2011 was $307500 for the 3D systems CTO. The advent of 3D printing 
emerged in 1976 when the inkjet printer was initiated. Gradually with 
advancement in technology related to the inkjet concept it was no soon 
that the technology from printing with ink moved towards printing with 
materials. 3D printing has taken over many industries since recent 
decades (Chuck Hull, 2015). 

Revolutions of 3D Printing industry in Developed Nations
An analysis by an organization envisages that 3D printing can 

bring the new development cycles as the system becomes inexpensive. 
Companies will implement the new technology in creating products 
while centering their attentions towards customer feedback and customer 
centered design. The cost of entering the industry has reduced by a lot 
allowing niche businesses to develop quickly. This technology can affect 
the current large scale manufacturing industry of the China (Greengard, 
2013). Almost 2.6 million euro has been invested by the Airbus with the 
University of Exeter for the Additive Layer Manufacturing in 2011 
(Gilpin, 2014).

Pros and Cons of 3D Printing
Three dimensional technologies is the one that can be used in all 

fields as it is a valuable knowledge. It is the quickest and easiest way to 
make accurate prototypes of anything. The 3D printing technology 
facilitates extremely modified and minor scale manufacturing usually 
less than 1,000 units with complex parts(Kim, Zhao, & Zhao, 2016). 3D 
printing gives your idea the speed to match its brilliance. When there are 
strengthens of something then there are weaknesses as well same goes 
for 3D printers, it seems quite easy. Likewise 3D printing turns into all 
the more standard. Most of designs can be stolen and they can be copied 
easily. By this act replicated items of the expensive designers can be 
made and sold by the stealers at a cheaper price.

Importance of R&D
Fiaz et al. (2017) suggests that manufacturing industry witnessed 

a paradigm shift as traditional manufacturing is gradually transforming to 
additive manufacturing. It is further observed that technology diffusion is 
a challenge for the industry because it often faces difficulties in 
enlightening potential customers regarding benefits of the new 
technology. Many international R&D projects do not get off the ground, 
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and it frequently happens that international units are shut down because 
organizations have difficulty reaping the benefits from their research 
satellites. R&D is found to be an essential tool for the policy planning for 
the developed countries. (Alhammadia et al., 2016).Companies are also 
gradually being dependent on external R&D organizations, such as 
universities, to upkeep innovation(Vandevelde, Ville, Conradie, & 
Saldien, 2016).The university, outside get ready people giving high 
education, grows basic research, science, working headed for the state of 
the art and the expansion of the boundaries of knowledge and the 
industry is accountable for taking many of the discoveries to 
market(Vedadi et al., 2013; Da Silva, et al., 2016). Analysts of academia
have inclinations towards leakage of knowledge and their thoughts on 
stake with their partners as organizations to be sticky for their 
information to avoid any spillage keeping in consideration the 
competitive advantage (Fiaz & Naiding, 2012).

R&D Collaboration
Collaborative revolution is understood as a learning method directing at 
emerging a new invention, procedure or method between two firms. 
(Broek, Benneworth, & Rutten, 2016).Developed countries like USA has 
also a good faith in the university industry collaboration, according to 
them the industry demands has become the projects of the universities. In 
this regard both gain advantage from each other and succeed. According 
to academicians, worth of university and industry collaboration is greater 
than before and with this the issues related to this are also increasing day 
by day. As academicians believe that the collaboration between 
university and industry has two aspects one is that it is a source of 
income which comes on priority for them and secondly they access many 
beneficial things like technology transfer as an open access for public. As 
a result, the collaboration brings them new opportunities and as well as 
create issues for them but most importantly it develops the academia 
capital (Welsh, Glenna, Lacy, & Biscotti, 2008). 

Pros and Cons of R&D Collaboration of Academia and Industry
Dasgupta and David (1994) stated in their research study that 

Universities would determine toward societies that draw attention to 
scientific performance without keeping market and profit. At the same 
time, a number organizations outlook universities' request for elite 
proprietorship for protected property rights Likewise an obstacle to 
attempting for universities(Hemmert, Bstieler, & Okamuro, 2014).3D 
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printing technology can be promoted among students with the help of 
tripartite nexus of university-industry-government (Fiaz et al., 2017). 
University–industry research collaborations (UICs) would progressively 
paramount advancement mode that permits organizations and the 
institutions to help each other by taping under integral abilities of one 
another which is used to save the cost and also used in upgrading 
research outcomes (Ikram et al., 2016; Ikram et al., 2018).

Research Methodology
Qualitative research methodology is used to explore the factors 

like cost saving and time saving which shows that how 3D printers
strengthens R&D collaboration among academia and industry. For data 
collection,5 face-to-face recorded interviews have been conducted with 
structured and sometimes semi-structured questions with the help of 
interview protocol. Yin (2017) provided guidelines for enhancing the 
applicability of qualitative research and suggested that any number of 
respondents is fitting as long as the interview protocol is fully countered.   
These respondents were the permanent employees who were working in 
this domain for many years. Snowball sampling technique has been used
because of the nature of study and reference-based sampling. NVivo 12
software has been used for the in-depth qualitative analysis. Many 
techniques have been used for the validation of different themes of the 
study such as coding nodes, group query analysis, word tag clouds and 
tree map.

Data Analysis 
Interviews have been conducted by the companies of Pakistan 

who are already working in this domain. Five companies were selected 
for the research and their managers responded to the questions very well
which showed that the 3D printing helps strengthen the collaboration of 
university and industry. The respondents were the permanent employees 
of the companies and have been working with the company since many 
years. After interviewing five managers the data is analyzed by NVivo 
12 software. Data has been analyzed in different phases: first of all 
recorded data has been transcribed into textual form, then different 
themes have been identified from the textual data, after that all related 
textual data has been coded into different related themes. This study also 
used “word tree map” and “world tag clouds” for collecting more 
evidences for the strength and validity of different themes. After 
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applying all these techniques, the study also used “Tree Map” to check 
the significance of each critical success factors(Ijaz  et al., 2014).

Tree Map For Critical Success Factors Analysis
Tree map shows the significance and the worth of each theme of the 
study. 
Do you think if there are any factors which impact 3D printing industry 
with reference to the R&D collaboration of U-I?

Respondents were asked that they think is there are any factors which 
shows that 3D printers will help in strengthening R&D collaboration 
among academia and industry. As per Figure 1, all the 5 respondents said 
yes to the question the bar chart shows the respondents view that all 
respondents said yes to that answer.

Figure 1. Factors impacting 3D Printing Industry

As u said there are certain factors which impact 3D printers industry 
with reference to R&D collaboration of U-I. Please name the factors 
which in your opinion strengthen the R&D collaboration of U-I in 3D 
printers industry?

When all the five respondents agreed that there are some factors 
which strengthen the collaboration of academia and industry with the 3D 
printers then they were asked for the factors which they think are helping 
in their strengthening collaboration.  The most important factor of it is 
that material costs are finite, and can be accurately budgeted before 
prototype design. Figure 2 shows that how many respondents responded 
for all the factors like for the cost saving factor 5 out of 5 respondents 
said that its save cost, then 5 out of 5 respondents said that it saves time, 
2 out of 5 respondent said that it’s a tool less machine, there is less 
wastage of material and it gives a better product design in few minutes. 
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How these factors of 3D printers industry will strengthen R&D 
collaboration of U-I? How 3D printers industry helps U-I collaboration 
in reducing cost?
Figure 2. Factors strengthening R&D 
Collaboration in 3D Printing Industry

Figure 3. How 3D printers 
industry helps U-I collaboration?

The most important factor is reducing cost which helps 3D printers will 
strengthen R&D collaboration of U-I.Figure 3 shows that 2 out of 5 
respondents said that it reduces the prototype cost, and the initial 
prototype can be tested for functioning which saves the cost. 3 out of 5 
respondents said that it reduces the cost for the import of raw materials. 
Then 4 out of 5 said that exact cost can be determined for the prototype 
manufacturing. 5 out of 5 respondents said that only desired material is 
used to make prototype which saves cost.
How these factors of 3D printers industry will strengthen R&D 

collaboration of U-I? How 3D printers industry helps U-I collaboration 
in consuming lesser time?

Another most important factor is consuming less time which 
helps in strengthening R&D collaboration through 3d printers.It saves 
time to manufacture the prototype and that can be modified on spot as 
well it is considered as cheap manufacturing.
Do you think that government supports the working of 3D printers 
industry for R&D collaboration among academia and industry?

According to respondents up till now, no Government authority 
knows the importance of this technology. Thus there is an exigent need 
of awareness among technology leaders in Pakistan about this 
technology. When Government doesn’t know the importance of this 
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technology how can they support this on the contrary they have imposed 
banned on the import of 3D printers by Ministry of Interior of Pakistan.
In your opinion what are Future prospects of 3D printers to strengthen 
R&D collaboration?

Figure 4 shows that 3 out of 5 respondents said that it is a 
technology that says it helps in more development by using different 
materials and 4 out of 5 said that it is a cheaper technology for both 
university and industry and are available in special prices for them 
through which they can test and validate the functioning of the prototype. 
And 5 out of 5 said that is as a most bright future for the welfare of the 
collaboration of university and industry.

Figure 4. What are the future prospect of 3D Printers?

Finding of the Study
Word tag clouds
Figure 5 shows “Word Tag Clouds” which shows the size of different 
words according to their frequencies of repetition in textual data. Words 
having more frequency show their big size. Using text search query a 
group query has been explored for the words: “3D printers and R&D 
collaboration”. 

Figure 5. Before Funneling Word Tag Clouds
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By reading line by line data where the word “3D printers and R&D 
collaboration” has been used, the study observed that 3D printers 
strengthen the R&D collaboration among academia and industry.

Conclusion And Discussion
The aim of the study is to find out the factors which helped in the 
collaboration of academia and industry with the help of 3D printers, so 
the proper channel can be followed to know the factors that strengthen 
the collaboration. Those factors are discussed in detail like cost saving as 
it saves the cost because only desired material is used to make the 
prototype and that prototype can be modified on spot if required this all 
saves the cost, only desired raw material is imported which is also a point 
to save money and it saves time as well by giving the output in few 
minutes and it can be modified there and then if required very less or no 
material is wasted for the manufacturing of prototypes. Most research in 
innovation management builds on quantitative designs, which is 
unfortunate as qualitative studies provide a unique contribution to the 
domain of regional development. Our study contributes to the domain of 
qualitative research and offers a pragmatic perspective of the 3D printing 
industry of Pakistan.

The study further suggested that with respect to adoption of 3D 
printing technology, Pakistan is suffering from one major issue that is 
immaturity of technology and other related issues are lack of public 
awareness, difficulties in product promotion and problem in technology 
diffusion. Fiaz (2013) contends that U–I collaboration is established and
exhilarated due to factors such as: R&D tendency, R&D risks, and R&D 
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promotional factors such as state incentives. While investigating 
industrial clusters of China, Ikram et al (2018) advocate that research 
institutions should develop feasible business models to transform the 
imitation-oriented cluster into an innovative cluster.3D printing 
technology can be promoted among students with the tripartite nexus of 
university-industry-government. Technology diffusion is a challenge for 
the industry because it often faces difficulties in enlightening potential 
customers regarding benefits of the disruptive technology (Fiaz et al., 
2017). Pakistani government is not supportive of 3D printers as there is 
severe lack of awareness about the potential benefits of these printers. 
With respect to recommendations for future research, there is a need to 
quantify the proposed factors which will show that how 3D printing 
industry strengthened the R&D collaboration.
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