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Abstract
Although complex designs are acknowledged to be more suitable for fabrication with additive manufacturing, there is 
no formalized definition of what makes a geometry sufficiently complex and accordingly appropriate for additive manu-
facturing. This lack of a standardized definition represents a challenge for engineers and designers. In this context, the 
objective of this study is to evaluate the role of part geometry in manufacturing decisions and to understand the criteria 
influencing the selection of a manufacturing process. This research used semi-structured interviews with 11 experts and 
a survey with 37 novices to gather data. Through ten questions, participants were requested to evaluate ten shapes of 
parts without further information and speculate on their suitability for additive manufacturing. It emerged that some of 
the experts stressed batch volume, material, part size, mechanical properties, cost, and material waste as fundamental 
criteria for selecting a manufacturing process, while novices did not consider material waste and cost as critical aspects. 
Part geometry was overall given secondary importance unless the part included specific features such as thin walls, lat-
tice structures, and optimized topologies, where the selection leant towards additive manufacturing for both experts and 
novices. The latter preferred additive manufacturing (70% of the answers) more frequently than the former (54%). Overall, 
this study highlights the differences in decision-making criteria between experience levels and underlines the need for a 
formalized framework to evaluate geometric suitability for AM.
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1  Introduction

Additive Manufacturing (AM), or 3D Printing, is a general 
term used for various manufacturing processes that work by 
adding material layer-by-layer. AM offers design freedom 
and is considered well-suited for the fabrication of complex 
parts [1]. This is primarily due to the fact that AM processes 
offer the unique ability to control the position and amount 
of material deposited, jetted or processed. As a result, AM 
is often associated with lightweight design, conventionally 
achieved through topology optimization (TO) and the inte-
gration of lattice structures, which help maintain mechani-
cal integrity while minimizing material use [2–4].

While freeform geometries are a peculiar trait of parts 
fabricated with AM, other manufacturing properties are to 
be considered before selecting a manufacturing process; 
markedly, the use of AM or other traditional manufactur-
ing (TM) technologies should be evaluated first [5]. Typi-
cally, the selection of manufacturing technology is based 
on human expertise and knowledge. However, newly estab-
lished and constantly improving technologies can affect 
human understanding of the most suitable process; here, the 
level of expertise and the acquisition of fresh knowledge 
play an essential role. Comparing the views of experts and 
novices in the fields of manufacturing and design is often 

deemed useful for gaining diverse perspectives and improv-
ing decision-making.

As stressed in Sect. 2, a significant research gap remains 
in understanding how decision-making varies between 
experts and novices, particularly regarding the role of part 
geometry in manufacturing process selection. In this con-
text, the paper provides a novel contribution by directly 
comparing experts’ and novices’ decision-making in select-
ing a manufacturing process alongside understanding the 
influence of part geometry. More specifically, the objectives 
of this research are to:

1.	 Identify the differences in the decision-making process 
of experts and novices regarding manufacturing process 
selection, with an emphasis on the preference of AM 
over TM and vice versa,

2.	 Assess the influence of certain geometrical characteris-
tics/features on manufacturing process selection,

3.	 Determine the geometrical changes that are supposed to 
make a part more suitable for AM.

Section 2 is an overview of the existing literature regarding 
the comparison of fabrication with AM and TM, the rela-
tion between Design for AM (DfAM) and part geometry and 
comparing experts and novices in their approach to DfAM. 
Following the literature analysis, the research gaps and the 
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justification of the above objectives are highlighted in the 
same section. Section 3 describes the overall methodology 
of the paper. The main results are presented in Sect. 4, where 
the comparison between the decision-making of experts and 
novices is focused on. In Sect. 5, a detailed discussion of 
the results is reported. Finally, in Sect. 6, conclusions are 
drawn, and future research directions are indicated.

2  Background

2.1  Comparing fabrication with additive and 
traditional manufacturing

The possibility of substituting TM with AM for the fabrica-
tion of parts is affected by multiple factors the literature has 
identified. Among the most prominent factors, the following 
are worth citing:

• Production costs and time [6–8].
• Part geometry [8–12].
• Production volume and customizability [13].
• Environmental impacts and life cycle assessment 

(LCA) [14–16].
Several studies compared AM processes with TM pro-

cesses, such as injection molding [6] and machining [7, 
8], by considering the factors mentioned above. Injection 
molding was found superior for medium and high produc-
tion volumes, while AM was advantageous for low-volume, 
highly customized and complex parts. Specifically, combin-
ing selective laser melting with TO resulted in weight and 
cost reduction for aerospace components [7]. Additionally, 
feasibility frameworks [8], hierarchical clustering [9], and 
geometry analyses [10] were proposed to evaluate AM suit-
ability. Environmental investigation through LCA showed 
that sustainability of a process was highly dependent on 
machine utilization [14], while, according to [15], laser-
engineered net shaping was identified as more resource-effi-
cient compared to CNC machining for specific applications. 
Table 1 shows the summary of prominent articles that com-
pare AM and TM considering the aforementioned factors.

This subsection shows that the literature evidences a 
large variety of aspects for evaluating and comparing AM 
and TM, beyond some contrasting conclusions and many 

efforts made to ease selection. While papers highlight the 
advantages and disadvantages of using AM instead of TM, 
there is a critical gap related to generalizability, as past 
studies suffer from the consideration of a few case stud-
ies. Furthermore, another significant gap is the absence 
of investigations into human perspective and reasoning in 
manufacturing process selection, particularly in industrial 
scenarios characterized by data scarcity and lack of infor-
mation. Addressing these gaps is crucial because mapping 
of human reasoning could be relevant especially in view of 
its replication by artificial agents, which could compensate 
for the scarcity of available experts [17]. The overall goal 
of replicating human reasoning in manufacturing process 
selection is the thrust of the present research, which can be 
seen as a first step in this direction thanks to the fulfilment 
of the three objectives declared.

2.2  Design for additive manufacturing and part 
geometry

The decision to use AM is sometimes made before the 
final characteristics of parts have been decided. In this con-
text, DfAM includes methods and principles that support 
designing parts to be favorably built through one or more 
AM processes [18]. DfAM methods and tools that affect the 
geometry of a part include TO, lattice structure design, gen-
erative design, and design heuristics for AM, among others.

TO reorganizes material within a specified design bound-
ary, considering physical and geometrical constraints [19]. 
While TO can easily configure the optimization solver and 
visualize the shape evaluation [20], optimized designs often 
require post-processing and solver configuration [21, 22]. 
Methods such as length scale control [23–25] and machine 
learning (ML) [26] have addressed challenges like thin 
walls and large overhangs, respectively.

Lattice structures are significantly used for weight reduc-
tion [27], material efficiency [28], obtaining specific mechan-
ical properties [29], thermal management [30], enhancing 
functional integrity [31], improving energy absorption [32], 
and bio-inspired designs [33]. The final mechanical perfor-
mance highly depends on the lattice geometry of the unit 
cell and loading conditions [34], exhibiting their adoptabil-
ity across diverse applications.

Table 1  Comparison of AM and TM from selected studies
Source Additive Manufacturing Traditional Manufacturing
[6] AM has more advantages in low-volume production due to potentially lower 

costs and shorter lead times
TM is more suitable for medium and high volumes 
due to lower per-unit cost and efficiency

[7] When combined with topology optimization, it significantly reduces cost and 
weight for titanium parts

Machining was found to be less effective in reducing 
cost and weight for complex aerospace components

[8] AM is more suitable for complex and highly customized parts for low produc-
tion volumes

TM is more efficient for high-volume, standardized 
parts

[10] AM was found to be more efficient in using resources during production of 
standard spur gears

TM consumed more resources compared to AM in 
producing standard spur gears
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The comparison between the two groups has been the 
core of numerous design studies, with a particular emphasis 
on design experts and design students [44]. A key distinc-
tion between experts and novices lies in the depth, organiza-
tion, and accessibility of their knowledge domain, as well 
as their ability to apply this knowledge in problem-solving 
efficiently [45]. The literature indicates that experts use 
solution-focused approaches to generate a quick initial solu-
tion, unlike problem-focused approaches [46, 47]. A core 
objective of these studies is the creation of interdisciplinary 
teams of experts and novices, supposed to improve commu-
nication during educational design projects.

In [48], the ideation performance of experts and novices 
was compared after presenting DfAM-based design princi-
ples. The results of this study highlighted that experts gener-
ated higher-quality ideas compared to novices when DfAM 
principles were presented [48] [47]. aimed to understand 
the influence of using different ways to present DfAM rules 
on designers’ ability to use them by comparing experts and 
novices. Designers were asked to use four rules for fused 
deposition modelling to design overhangs, accessible sup-
port structures, planar surfaces, and part sizes. Each design 
rule was given in four formats: text only, text with industry 
examples, text with illustrations, and text with 3D printed 
examples. The comparison between experts and novices 
showed that experts generated more novel designs [47].

As AM is a relatively new addition to the education 
system [49], decision-making in manufacturing process 
selection emerges as an appropriate area to be investi-
gated through the different lenses of experts and novices. 
The existing literature does not explicitly address or sys-
tematically compare how experts and novices differ in their 
reasoning and decision-making regarding manufacturing 
process selection. In other words, this lack of comparative 
understanding between experts’ and novices’ approaches 
generates a significant gap. Addressing this gap, as stated 
in the first objective of this research, is essential for devel-
oping balanced, effective, and adaptable educational meth-
ods for manufacturing process selection in engineering and 
design education.

3  Methodology

The methodology employed in this study to pursue its objec-
tives includes a semi-structured interview and a survey. This 
section explains these approaches alongside the data analy-
sis used to extract information. The overall research road-
map is presented in Fig. 1, where reference subsections for 
the various methodological steps are indicated.

Figure 2 shows the ten parts included in this study. The 
survey and the interview swiveled on the analysis of these 

Generative design includes computational tools to opti-
mize geometry specifically for manufacturing processes [35, 
36] as applied in several CAD software programs. Accord-
ing to [37], it is not possible to fabricate generative designs 
without AM since they are too complex for TM processes.

Design Heuristics (DHs) are attempts to formalize infor-
mation derived from tacit knowledge and the designer’s 
experience [38]. Bespoke DHs for AM were developed by 
[39, 40], which can be seen as the most popular technique 
within DfAM. Moreover, contrary to the above tools that 
have been developed independently from AM and DfAM, 
the DH for AM can be seen as a first general methodol-
ogy as they include a variety of strategies to design and 
redesign for AM. The DHs were initially applied through 
experimental research that focused on novice designers 
(students). According to [39], firstly experimented DH for 
AM showed promising results and allowed novice designers 
to deliver satisfactory design results. After the initial appli-
cation of DHs in DfAM, DHs were used in different set-
tings and design phases. For example [41], included DHs in 
a one-day workshop to evaluate the usage of DHs in design 
with experienced designers. DHs were also implemented to 
redesign AM products and were found to be successful. A 
further experiment with novice designers showed that using 
cards depicting DH for AM highly improved quality and 
creativity in redesign for AM [42, 43]. The conventional DH 
for AM encompasses eight categories: part consolidation, 
customization, convey information, materials, material dis-
tribution, embed/enclose, lightweight, and reconfiguration 
[43]. Accordingly, the application of most DHs would lead 
to geometric changes, similarly to TO, generative design 
and the application of lattice structures. This confirms the 
close relationship between shape and suitability to AM.

The methodologies described and DfAM, in general, 
suggest ways to wield the potential and unique capabilities 
of AM, but they do not provide criteria for the suitability of 
designs for AM. A critical research gap stands in the fact 
that these approaches do not offer explicit criteria or veri-
fication methods to conclusively determine whether a final 
design is definitely suitable for AM. Otherwise said, while 
most methods comprise guidelines to redesign or manipu-
late geometries to make them more suitable for AM, they do 
not verify that the final design is definitely suitable for AM. 
This fundamental research gap in the field of DfAM is one 
of the foci of this article, as made evident through objective 
3 in Sect. 1.

2.3  Comparing experts and novices in design for 
additive manufacturing

As observed in regard to DHs for AM, DfAM research often 
involves the focus on experts and novices.
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	● Question I (in Table 3) was included in the interview to 
observe how an expert would describe a geometry.

	● Question II (in Table 3) was included in the interview to 
verify the eligibility of experts for the interview.

The interview eventually comprised ten questions, as shown 
in Table 3. Each question was included considering at least 
one of the objectives presented in Sect. 1 or acquiring con-
textual information (indicated with roman numerals in 
Table 3).

Questions 1 to 8 were asked also in the survey while 
Questions I and II were only asked in the interview. In 
Question 1, the survey and interview participants were 
asked to rank each part using a seven-point Likert scale, as 
in Table 4. Each part was ranked between one (TM is more 
convenient) and seven (AM is more convenient), while four 
meant neutrality, i.e., the part was found equally suitable for 
AM and TM. The participants were given the opportunity to 
rate a part with intermediate scores since there are typically 
pros and cons of using different technologies.

The interview questions were asked following a branch-
ing logic, which follows:

	● If a participant found a part more suitable for TM (an-
swer to Question 1 in Table 3), the interviewer asked the 
Questions 4, 5, and 6 in Table 3.

	● If the part was found more suitable for AM (answer to 
Question 1 in Table 3), then Questions 7 and 8 in Table 3 
were asked next.

	● The participants were redirected to the next part if a part 
was found suitable for both technologies.

For the sake of clarity, Questions 1, 2, and 3 were asked to 
all participants irrespective of previous answers.

Additional questions were included in the interviews. 
Questions I was asked to understand the relationship 
between part geometry description and manufacturing pro-
cesses. Question II was asked to verify the suitability and 
experience of experts who agreed to be interviewed. Based 
on answers, all interviewees were considered eligible.

3.1.3  Conducting the interviews

The interviews were conducted by the same person (the 
first author of this paper) from January to April 2024 with 
the support of MS PowerPoint and the MS Teams platform. 
Each interview lasted around 30  min and was recorded 
using MS Teams to utilize the transcript function. Before 
the interview, each interviewee was asked to sign a record-
ing consent form that included a general introduction, the 
purpose of the recording, confidentiality, storage of the 
recorded data, and withdrawal from the interview. Most of 

parts, notably on the determination of the most suitable 
technology for their fabrication.

Parts 7 and 9 were selected intentionally to better target 
objective 2 (See Sect. 1) while parts 2 and 10 were delib-
erately selected from TM-ed parts to accomplish objective 
3. Part 7 contains lattice structures, and Part 9 has been 
topologically optimized; hence, both parts were specifically 
designed for AM. The other parts were selected from a set of 
parts that were disagreed on in a previous study conducted 
by the authors [10]. Each part was presented with an image 
and accessible link to its 3D CAD model in the interview 
and the survey.

3.1  Semi-structured interview

Semi-structured interviews are used to collect detailed 
information about participants’ insights into a specific sub-
ject area [50]. They are a valuable tool in design research 
for capturing detailed and rich information. Applications of 
this methodology in design research include user experience 
design [51], product design [52], process selection [53], and 
service design [54, 55], among others. To fulfill the objec-
tives of this research, expert knowledge was collected using 
a semi-structured interview. The interview methodology is 
explained in three steps in the following subsections.

3.1.1  Interviewee selection

The eligible interviewees were identified considering 
experts from industry and academia with expected knowl-
edge in AM. The experts were invited to the interview via an 
email in which they were asked to share their availability for 
the study. Eleven experts agreed to participate in the inter-
view following the authors’ invitation. Some details of these 
experts are provided in Table 2.

3.1.2  Planning and generating open-ended questions

The semi-structured interview was developed to understand 
the experts’ reasoning behind selecting a manufacturing 
process. In the planning phase, a pilot interview was con-
ducted to evaluate.

	● the clarity of the questions.
	● the relevance and pertinence of the questions in relation 

to the objectives of the study.
	● the interview duration.

These evaluations led to the final version of the questions; 
markedly, the following improvements were made:
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the flowchart designed to generate the keyword frequency 
analysis is shown in Fig. 4. The Orange software is selected 
to perform this analysis because it is open-source software, 
many libraries are available, and it has a user-friendly inter-
face [66].

3.1.6  Data collection

As mentioned before, the interview data were collected 
using the MS Teams platform, and the transcripts for each 
interview were generated automatically. Each transcript 
was divided into subsections that contained answers to each 
question.

3.1.7  Preprocessing

The interviews were noisy and included some unnecessary 
information. The authors cleared unnecessary information 
by going through the transcripts and recordings for each 
interview. The interview data was converted into a corpus to 
be prepared for the analysis. The preprocess Text function 
of Orange software was utilized. The text was transformed 
into lowercase format, and articles, prepositions, pronouns, 
conjunctions, punctuation, numerical values, modal verbs, 
adverbs, and interjections were removed. The text was 
tokenized and normalized.

3.1.8  Feature extraction and result visualization

The preprocessed text was used to generate the word-fre-
quency matrix to highlight the frequency of specific terms. 
These matrices are used to extract information from the 
interview results considering the open-ended questions. 
Subsequently, after getting the frequency of terms, the 
authors selected those that were deemed relevant in relation 
to the objectives of this research (see Sect. 4 for details).

4  Results

This section illustrates the main outcomes of this research. 
The results presented in this section regarding expert evalu-
ations include the outcomes of the text analysis presented 
in Sect. 3.3.

Seven manufacturing properties emerged as the most 
influential factors for selecting a manufacturing process: 
material, part size, part geometry, batch number, mechanical 
properties, production cost, and material waste. These prop-
erties were identified using the transcripts from all eleven 
interviews by analyzing the results obtained from the Orange 
software. Table 5 shows the term frequency for all eleven 
transcripts and all parts, as well as the number of experts 

the interviews were carried out in English. The transcripts of 
the interviews conducted in other languages were subjected 
to automatic translation into English with MS Word.

Survey Methodology.
Surveys, one of the most commonly used data collec-

tion methods in the production industry [56], are a practi-
cal and efficient tool in design research. They are employed 
to gather information on design requirements [57], material 
selection [58], user experience [59], design prototyping [60], 
cost analysis [61], environmental impacts [62], and quality 
assurance [63], among others. Within this framework, the 
authors created and distributed an online survey to collect 
data from novices. This approach was chosen over repeating 
the interviews with the available cohort of novices, as the 
latter would be impractical due to time constraints.

3.1.4  Survey participants

The survey was conducted at the Tampere University in 
Finland with 37 Master of Science students (i.e., novices) 
in February 2024 during a course specifically addressed to 
AM.

3.1.5  Survey questions

The survey was developed through the software applica-
tion Survey Monkey. In order to compare the decisions of 
experts and novices, Questions 1 to 8 (See Table 3) were 
included in the survey considering the ten parts presented 
in Fig. 2. The parts were presented in the survey with an 
image and a link to the corresponding CAD model replicat-
ing the interviews. While Questions 2 and 3 (from Table 3) 
were open-ended in the interview, some recurring experts’ 
answers were merged to formulate a multiple-choice ques-
tion where the participants were asked to select at least one 
option (see Fig. 3).

The survey included an introduction page that stated 
the objective and motivation of the questionnaire, as well 
as instructions on how to complete the survey. The survey 
foresaw the same branching mechanism of the semi-struc-
tured interviews (see Sect. 3.1.2 for details).

Data Analysis.
Text mining was used to analyze and extract information 

from the interview answers [64], markedly with regard to 
information needed to pursue objectives 2 and 3. An over-
view of the used text mining methodology is presented in 
this subsection to provide some details about data collec-
tion, preprocessing, and feature extraction.

Specifically, the text data from the semi-structured inter-
views were analyzed using Orange software [65], where 

Fig. 1  Overall research methodology. Details for each step are given in 
the linked subsection
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The following subsections are articulated according to the 
objectives declared in the introduction section.

4.1  Experts vs. novices in manufacturing process 
selection

The results of the survey and interview were compared to 
discover possible differences between novices’ and experts’ 
decision-making by considering answers to Question 1 (see 
Table  3). The strength of correlation was calculated with 
Krippendorff’s Alpha for experts’ and novices’ answers 
to Question 1. The emerged correlation value is 0.156 for 
experts and 0.138 for novices where these values show poor 
agreement levels [67] for both cohorts. By separately con-
sidering the 11 experts’ and 37 novices’ answers to Question 
1, the median was calculated to provide a final classification 
for the separate cohorts of experts and novices for each part 
following the criteria presented in Table 6. The differences 
in the final classification for experts and novices are high-
lighted in Fig. 5.

Experts and novices overall classified parts 1, 3, 6, 8, and 
10 differently. A further analysis was conducted to under-
stand the reasons behind the differences in experts’ and 
novices’ decisions. To do so, answers to Questions 2 and 3 
were analyzed considering the seven manufacturing proper-
ties that emerged from the text analysis of expert interviews, 
as explained at the beginning of Sect. 4. Table 7 shows the 
answers to Questions 2 and 3 for parts 1, 3, 6, 8, and 10. For 
each of these products, the top three properties selected by 
the majority of experts and novices are shown in bold text 
in Table 7. The following points were the outcomes of the 
comparison between experts and novices:

	● The majority of experts indicated that seven manufac-
turing properties influence the choice of the manufactur-
ing process for at least one part, while very few novices 

and novices who recognized these properties as essential for 
the manufacturing process selection (i.e., answers to ques-
tions 2 and 3). The frequency of terms reported in Table 5 
refers to those occurrences where the term is meant as a 
means for manufacturing process selection. Hence, for the 
sake of clarity, it was checked whether any term possibly 
representing a manufacturing property was actually men-
tioned by experts to denote a decision-making criterion in 
the context of their answer. For example, the frequency of 
the word “material”, meant as a manufacturing property rel-
evant to process selection, was 81; 9 experts and 10 novices 
mentioned this term while answering questions 2 and 3 for 
at least one part. The following quote is taken from one of 
the transcripts to show that “material” is used specifically 
as a manufacturing property to answer question 3 for part 2:

…based on the application we could think about hav-
ing a different material on the inside of the cylinder 
and that would impact whether I would go with tradi-
tional or additive manufacturing because with addi-
tive it is easier to add a new layer of coating on the 
inside surface….

Table 2  Details of interviewed experts
Expert # Field Experience 

in AM
Discipline Coun-

try
Expert 1 Industry 6 years Manufacturing Turkey
Expert 2 Industry 5 years Manufacturing Turkey
Expert 3 Industry 7 years Manufacturing Turkey
Expert 4 Academia 35 years Design & 

Manufacturing
Finland

Expert 5 Academia 5 years Desing Finland
Expert 6 Academia 8 years Manufacturing Finland
Expert 7 Academia 6 years Design UK
Expert 8 Academia 6 years Design Sweden
Expert 9 Academia 8 years Manufacturing Finland
Expert 10 Academia 7.5 years Manufacturing Finland
Expert 11 Academia 6 years Manufacturing Finland

Fig. 2  Parts used in the survey and the semi-structured interview
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Table 3  Semi-structured interview questions, their motivation, corresponding objectives, and answer type
# Question Motivation Objective Answer 

Type
Included 
in the 
Survey?

I. Could you please describe the presented geometry? Evaluating how an expert would describe 
a geometry

- Open-ended No

II. Could you please state how long you have been work-
ing with Additive Manufacturing or Manufacturing in 
general?

Verifying the eligibility and experience - Open-ended No

1. Is this part more suitable for AM or TM? Evaluating part suitability based on geom-
etry (AM vs. TM)

1 Likert Scale Yes

2. Could you please specify some aspects you considered 
while making your selection?

Evaluating the aspects considered while 
answering Question 1.

2 Open-ended Yes

3. Which factors beyond geometry would you consider 
with priority to establish the best technological process 
to fabricate this part?

Further investigation of manufacturing 
aspects considered to answer Question 1.

2 Open-ended Yes

4. What would you change in this geometry to make it 
(more) suitable for AM?

Evaluating the possible geometrical 
changes to make the presented part more 
suitable for AM.

3 Open-ended Yes

5. Do you have in mind any specific TM process or tech-
nology to fabricate this part?

Evaluating expert’s process selection 
(among TM processes).

2 Open-ended Yes

6. Do you think that this part was intentionally designed 
for TM?

Evaluating if only the presented geometry 
is sufficient to decide this.

2 & 3 Yes/No Yes

7. Do you have in mind any specific AM process or tech-
nology to fabricate this part?

Evaluating expert’s process selection 
(among AM processes).

2 Open-ended Yes

8. Do you think that this part was intentionally designed 
for AM?

Evaluating if only the presented geometry 
is sufficient to decide this.

2 & 3 Yes/No Yes

Table 4  Seven-category likert scale that was used to answer question 1 in the survey and the interview
Definitely TM Surely Better TM Probably Better TM Neutral, AM & TM Work 

Equally Well
Probably Better AM Surely Better AM Defi-

nitely 
AM

1 2 3 4 5 6 7

Fig. 3  Illustrative question from the survey
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could be one of the main reasons behind the different 
classifications by experts and novices.

	● Novices tend to select AM more than experts, as shown 
in Fig. 5. A possible explanation is that novices consider 
AM as the most straightforward option since, according 
to [68], novices lean to select the easiest and most at-
tainable option.

	● Experts and novices generally prioritized part geometry, 
material, and mechanical properties to determine if a 
part is suitable to be fabricated with AM or TM.

In conclusion, as regards objective 1, novices tend to select 
AM more frequently than experts. In half of the cases, the 
manufacturing process selection made by samples of experts 
and novices was uneven, which stresses the importance of 
considering experience in this domain of research.

Overall, within the sample of products analyzed, experts’ 
designation overall leant towards TM. 54% of experts’ deci-
sions resulted as AM-oriented. On the other hand, 70% of considered production cost and material waste. This 

Table 5  Frequency of each manufacturing property, the number of 
experts and novices who considered them while answering questions 2 
and 3. *the word mechanical refers to mechanical properties of a part
Manufacturing 
Property

Frequency Number of 
experts

Num-
ber of 
novices

Material 81 9 10
Size 43 9 10
Geometry 38 11 22
Batch 27 6 9
Mechanical* 20 8 14
Cost 16 8 2
Waste 13 7 0

Table 6  Classes of designations based on answers to question 1
Median Classification
< 4 TM
4 Neutral
> 4 AM

Table 7  Answers to questions 2 and 3 by experts and novices for those parts in which disagreement on the most suitable manufacturing technol-
ogy arose
Data Type Batch Material Size Mechanical Geometry Cost Waste PART #
Experts (Interview) 18% 55% 73% 27% 82% 45% 9% PART 1
Novices (Survey) 22% 24% 24% 34% 54% 3% 0%
Experts (Interview) 36% 64% 55% 55% 73% 55% 9% PART 3
Novices (Survey) 16% 18% 29% 32% 63% 0% 0%
Experts (Interview) 36% 27% 45% 36% 82% 27% 0% PART 6
Novices (Survey) 8% 11% 24% 27% 65% 0% 0%
Experts (Interview) 27% 27% 9% 18% 73% 27% 36% PART 8
Novices (Survey) 22% 30% 22% 30% 65% 0% 0%
Experts (Interview) 18% 18% 9% 18% 100% 27% 27% PART 10
Novices (Survey) 16% 24% 27% 35% 70% 3% 0%

Fig. 5  Comparison of manufacturing process selection of experts and novices in process selection (based on answers to Question 1 in Table 2.). 
TM: Traditional manufacturing. AM: Additive manufacturing. Neutral: AM and TM work equally well

 

Fig. 4  Orange software flowchart for generating term-frequency matrix
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suitable to be fabricated using AM or TM. The experts and 
novices designated these parts suitable for fabrication via 
AM as expected (see Fig. 5). As it is clearly inferable from 
Fig. 6, part geometry highly affected the decision-making 
process since the part contained specific features that lead 
to preferring AM. Some experts also stated that properties 
such as material, size, or mechanical properties can influ-
ence the decision to select a specific AM process rather than 
deciding the suitability to AM or TM.

These results fully support that the presence of features 
ascribable to the use of TO and to lattice structures are rec-
ognized as a sufficient motivation to select AM to manu-
facture parts. In other terms, the presence of these features 
overturns the priority commonly assigned to production 
and quality characteristics and makes part geometry the 
most influential factor in manufacturing process selection 
[69, 70]. In this regard, pertaining to objective 2, it can be 
concluded that not only does the literature claim that TO 
and lattice structures are key methods for DfAM, but also is 
the application of these methods overwhelmingly acknowl-
edged as tightly connected to AM. This makes AM a uni-
versally recognized fabrication technology to produce parts 
that have undergone TO and/or the introduction of lattice 
structures.

4.3  Redesign for additive manufacturing

Experts and novices were asked Question 4 for the parts 
where TM was preferred over AM. This was presented to 
understand how they would redesign a product that was ini-
tially found suitable to be fabricated via TM (objective 3 in 
Sect. 1). Otherwise said, they were asked to suggest how to 
redesign the part for AM. By analyzing the eleven interview 
transcripts, the following suggestions/redesign ideas were 

novices are oriented towards AM, showing a stronger pref-
erence for AM. This might be due to the fact that novices 
tend to reflect enthusiasm for newer technologies, as will be 
discussed in Sect. 5.

The responses are used to perform a statistical analysis 
to evaluate the significance of the role of expertise in AM 
vs. selections. The statistical model chosen is the ordered 
logistic regression since the inquired independent variable 
(AM suitability) is measured on a Likert scale. The follow-
ing results are obtained:

	● The regression with all data confirms that novices tend 
to evaluate the suitability of AM for the parts investi-
gated at a higher level than experts; however, the effect 
of experience (p = 0.171) is not significant, if p < 0.05 is 
used as a rule of thumb.

	● When the regression is considered for parts individually, 
the same pattern applies for parts 1, 2, 3, 4, 5, 6, 8, and 
9. While for parts 7 and 10, the following are achieved:

	● For Part 7, experts provided slightly higher scores, 
but the difference is clearly statistically insignificant.

	● For Part 10, novices’ designations leant more 
towards AM, and the effect of expertise is statisti-
cally significant (p = 0.027).

4.2  Influence of specific geometries on 
manufacturing process selection

The presence of certain geometrical features, such as lat-
tice structures, TO, and surface finish, highly influenced the 
decisions of the two groups.

Figure 6 shows the manufacturing properties considered 
by experts and novices to decide whether Part 7 is more 

Fig. 6  Comparison of experts’ (blue bars) and novices’ (red-striped bars) manufacturing process selection considering Part 7
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5  Discussion

The primary focus of this article was to investigate the 
reasons behind selecting a manufacturing process by com-
paring expert and novice decision-making. The significant 
results achieved are as follows:

1.	 The majority of experts primarily considered seven 
manufacturing properties that emerged from text analy-
sis of interview data, while a large number of novices 
overlooked production costs and material waste.

2.	 Novices were more likely to choose AM than experts.
3.	 Part geometry, material, and size were the three main 

properties considered when deciding whether a part is 
more suitable for fabrication via AM or TM.

4.	 The presence of specific features (e.g., lattice, thin walls, 
TO) was conducive to selecting AM for both groups.

Concerning the first point, this difference highlights the 
importance of experience and a comprehensive under-
standing of manufacturing processes. Experts’ indications 
to consider material waste, cost, and other factors such as 
part size and geometry leads to efficient and cost-effective 
decisions. Conversely, novices may initially require addi-
tional guidance and training to develop a more holistic and 
detailed approach to process selection. These gaps can be 
bridged through education and mentorship, especially due 
to the limited emphasis placed on manufacturing process 
selection in educational contexts. In this regard, the few 
examples available in the literature of such experiences are 
non-generalizable and have a different focus, i.e., prioritiz-
ing local materials [73] and training AM specialists [74].

As for the second point, novices are naturally drawn to 
AM, as evidenced in the literature [68], due to its empow-
ering user-friendly nature, design flexibility, and suitability 
for small-scale projects. The ease of iteration and quick 
feedback on designs further empower novices to explore 
new designs and innovate with AM. This is exacerbated 
by novices’ preference for digital tools, necessary when 
AM is involved, to be used during design, as suggested by 
the case of the DfAM task reported in [75]. To highlight 
novices’ difficulty working with traditional instruments in 
the domain of this research, it is worth noting that novices 
require software tools to improve the manufacturability of 
parts when they are administered DfAM tools [76] and to 
make DfAM-related evaluations [77]. Hence, the present 
paper adds a facet in DfAM research focused on novices 
and how they identify AM as a domain inherently linked to 
digital technologies.

Regarding the third point, TM’s limitation in geometric 
complexity favors the selection of AM, while AM’s limita-
tion in part size favors TM.

put forth by some of the experts to enhance a part’s suit-
ability for AM:

1.	 Some geometrical changes that would not require sup-
port structures during printing,

2.	 Applying TO to the part considering the mechanical 
integrity,

3.	 Reducing the scale (size) of the part,
4.	 Introducing lattice structures to the part while safe-

guarding mechanical constraints,
5.	 Decreasing the wall thickness of the part,
6.	 Redesigning the internal sections or channels.

By analyzing the survey results obtained from the answers 
to Question 4, the following points were the main novices’ 
suggestions to redesign for AM:

a.	 Adjusting the geometry to avoid support structures,
b.	 Applying TO and weight reduction,
c.	 Changing the size and the material,
d.	 Redesigning the internal geometry,
e.	 Reducing the number of overhangs,

In summary, concerning objective 3, some experts and 
novices highlighted the aforementioned geometrical mod-
ifications to optimize designs for AM. Table  8 shows the 
differences between experts and novices considering the 
ISO standards for AM redesign. Both groups recognize 
the importance of geometrical modifications to optimize 
designs for AM, as shown in Table  8. However, the use 
of multi-material in a design was not mentioned by either 
group, and novices also failed to identify the function and 
mechanical integrity of parts. These findings underscore 
the need for further research and training to bridge the gap 
between experts and novices in AM design.

Consequently, in consideration of the geometrical modi-
fications to make a part more suitable for AM, the provided 
answers were aligned with the literature in the cases of 
where AM was largely recognized as the preferred manu-
facturing technology [2].

Table 8  Comparison of experts and novices to redesign for AM based 
on ISO standards
ISO standards to redesign for AM [71, 72] Experts Novices
Part Customization (TO or lattice) Yes Yes
Lightweighting Yes Yes
Use of internal channels or structures Yes Yes
Functional integration Yes No
Use of designed surface structures Yes Yes
Use of multi-material No No
Mechanical integrity Yes No
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redesign by including typical DfAM characteristics, and the 
recognizing shapes already tailored for AM can well sup-
port the current trend of dual DfAM [81], i.e. mutually con-
sidering the opportunistic and restrictive nature of DfAM.

As mentioned, the paper demonstrates the existence of 
some features that make people potentially in charge of 
selecting a manufacturing process to opt for AM, whether 
experts or novices. Hence, the connection between specific 
design elements and AM is evident, not only in DfAM liter-
ature. A more widespread acknowledgment of this connec-
tion could enhance the acceptability of 3D-printed products, 
which is a further concern in DfAM research, e.g [82, 83]. 
Obviously, the acceptance of products and parts created 
with AM should at least involve those specific geometries 
that are increasingly recognized as DfAM elements. This is 
however hindered by one of the challenges acknowledged 
in DfAM literature, namely the limited awareness of AM 
benefits in some industries [84].

It is essential to recognize certain limitations that inevi-
tably impact the scope and generalizability of findings. The 
identified limitations of this article are listed below:

	● Convenience of using different methods for experts and 
novices, although possibly not affecting the results.

	● Small samples of convenience, with novices being from 
a single institution.

	● Limited sample of parts investigated, where the selec-
tion was partially arbitrary. The size of the sample is 
due to the need to limit the duration of interviews and 
surveys.

6  Conclusion and future work

This paper, which involved the participation of eleven man-
ufacturing experts and thirty-seven engineering students, 
presents a comprehensive investigation into the reasons 
behind selecting a manufacturing process and the influence 
of part geometry in design and manufacturing. The research 
process included semi-structured interviews and surveys, 
with ten questions forming the backbone of both investiga-
tion methods. The following results are achieved by com-
paring the perspectives of these experts and novices:

	● Seven manufacturing properties emerged as decision-
making criteria in experts’ manufacturing process selec-
tion based on the analysis of the interview data, suggest-
ing that decisions made on the availability of part shapes 
only were taken through assuming some of the other six 
properties.

As for the last point, the existence of specific features 
(e.g., lattice structures) resulted fundamental in preferring 
AM over TM, which aligns with common DfAM tools 
described in the literature, e.g [78]. Within DfAM, the iden-
tification of these features supports attempts to catalogue 
geometrical elements and attributes ascribable to AM as a 
required fabrication technology [79]. These features can 
be considered as cases in point of complex geometries that 
are difficult to obtain with TM technologies. Although TM, 
specifically investment casting, is able to generate relatively 
complex geometries, they usually require material removal, 
resulting in material waste.

The findings of this paper support that a fundamentally 
interdependent relationship exists between AM and part 
geometry, each enhancing and influencing the other. AM 
provides design freedom, enabling the creation of unique, 
customized, and complex geometries that TM cannot 
achieve. Despite the evidence that some design features 
lead to the choice of AM as a fabrication technology, a clear 
definition of design complexity for AM did not emerge. 
The lack of such a clear definition thus remains a gap in the 
DfAM literature, as evidenced in Sect.  2.2. Nevertheless, 
the results confirm the presence of some design character-
istics that exclude AM as a manufacturing option or make 
it essential for fabrication. More investigation is needed 
because of the presence of a “gray zone”, where none of 
these design characteristics are present and where most mis-
alignment between experts and novices emerged. Markedly, 
as evidenced in Fig. 5, there are some cases where parts can 
be suitable for fabrication with either AM or TM technolo-
gies. The main reason behind this is the difficulty to draw 
a clear demarcation line between conditions that favor one 
manufacturing process over another.

The findings of this research could be used to enhance 
design education. Including activities on and case studies of 
manufacturing process selection could benefit the product 
development process. To bridge the gap between experts’ 
and novices’ decisions, manufacturing process selection can 
be introduced into design education. By introducing this 
into the curriculum, novices could be trained to consider 
a wider range of factors, enhancing design outcomes, and 
preparing novices for the complexity of the manufacturing 
world.

Another possible implication of the findings is the devel-
opment of an ML algorithm based on the insights collected 
from experts and novices. To this end, a supervised deep 
learning algorithm could be developed, as suggested in 
the future work section of this study. The development of 
a ML-based system oriented to recognize the suitability of 
geometries for AM can well complement other efforts of 
integrating ML into DfAM, for example in the definition of 
designs process parameters [80]. An ML system able to both 
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	● Developing a deep learning algorithm using the seven 
manufacturing properties identified in this research.

	● Developing a decision tree based on experts’ manufac-
turing process selection criteria.

	● Developing a geometry evaluation guideline or frame-
work to evaluate AM suitability considering expert 
insights.
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