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Abstract 

There are many barriers to medical device development, such as difficulty in design 

engineering, that make it challenging to bring important technologies to market for patients 

in need. Concurrent engineering (CE) can be a successful strategy in fighting these barriers, 

as it focuses on bringing all areas of development together in the beginning of development 

to simultaneously meet the needs of the product and the customer. The purpose of this 

study was to evaluate whether CE can aide in product success as well as to define what 

organizational and team structures are best suited for its use. This study utilized a cross-

sectional, observational design to survey participants from small, medium, and large 

medical device company employees who were actively involved in product development. 

A total of 36 responses were collected, however, only 26 responses were included for 

analysis, with 46% from small companies (n=12), 19% from medium companies (n=5), 

and 35% from large companies (n=9). Not only was CE use and product success strongly 

correlated, but CE users also reported a smaller resubmission rate for approval. Although 

medium and large companies utilize higher levels of infrastructure than small companies, 

they also reported higher CE implementation level, indicating that a flexible structure is 

not required for successful CE implementation. CE use should continue to be studied in 

the medical field with larger sample sizes and organization types to help build 

understanding of how to best improve current development strategies and to assure needed 

products aren’t delayed from their release to market. 
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Chapter 1: Introduction 

Medical device companies face difficulties with lengthy and costly development 

times like other product development companies, however, they face additional pressure 

due to the International Organization for Standardization (ISO), Food and Drug 

Administration (FDA) and International Council for Harmonisation (ICH) governance 

they are under (Das & Benoit, 2000). Despite whether a medical device is categorized as 

Class I, II, or III, all classes must undergo high standards to prove safety, efficacy, and 

good manufacturing practices before device approval. This oversite looks over all areas 

of development including areas such as verification, validation, document and record 

management, purchasing, manufacturing, labeling, packaging, distribution, and 

monitoring (Spear, 2016). Medical devices requiring clinical trials for approval must 

adhere to Good Clinical Practice (GCP) guidelines, which set standards for the approval, 

design, conduct, record management, and monitoring of the trials (FDA, 2018). If 

companies can move a product through these obstacles, they must undergo a 3 to 6 month 

waiting period to see if their application for clearance to market is approved or if they 

need to submit a revised application (Fenton, 2021).   

While many medical device companies can break through regulatory barriers and 

continue to grow in revenue and technological advances, the serious adverse events 

reported in the industry continue to outpace that growth by about 8% annually (FDA, 

2011). The FDA did a deep dive into the cause of this and found most of these events tied 

to shortcomings in design and manufacturing, such as design-for-reliability, 

manufacturability, siloed quality focus, weak supplier controls, and lack of initiative to 

incorporate post-monitoring feedback into potential design changes (2011). 
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Traditionally, medical devices are developed in a linear fashion starting with 

design and then moving to manufacture, supply chain, marketing, and surveillance in that 

sequence. These teams often operate independently which manifests a lack of 

communication and proper feedback loops between key product development teams 

(Meybodi, 2013). Concurrent engineering (CE) is a design strategy that incorporates all 

these areas of development in parallel at the beginning of development using cross-

functional teams, with a focus on manufacturability (Mathelier, 1994). By taking all areas 

of product development into account at the beginning of product design and utilizing CE 

team structures, medical device companies can avoid highly controlled design change 

delays that lead to increased manufacturing and development costs (Meybodi, 2013).   

CE is designed to combat design and manufacturing issues in a preventative 

manner, as it encourages the development team to cross-functionally consider and 

communicate all areas of departmental, product, and customer needs in the beginning of 

development. Early quality and regulatory involvement can help identify gaps in the 

quality system and manufacturing processes to increase regulatory readiness while 

decreasing risk of non-conforming product being used for evaluations or released to 

market (FDA, 2011).  

Statement of the Problem  

Complexities of regulations, health controls, timelines and the difficulty of design 

engineering often pose additional time to bring medical devices to market, acting as a 

barrier for patients relying on this new medical device technology.  

An Objective of the Research 

Research supports positive outcomes with CE use in many industries, however, 

there are different perspectives on what type of organization it’s best suited for as well as 
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how it should be strategically integrated into the development process. Assessing various 

medical device organizations for the implementation level of CE constructs and 

comparing it to their product success can help identify if CE is a promising strategy to 

reduce cost or time to market in the medical device industry. Additionally, comparing 

organizational and team structures between small, medium, and large companies can help 

support what type of company infrastructure is best suited for CE practices. 

Chapter 2: Literature Review 

CE differs from the traditional, stepwise approach to new product development in 

that it embodies a simultaneous development strategy, with all areas related to the 

product movement to market involved at the start of development. It can be applied to all 

types of product development but can particularly be useful for medical device 

development where issues in development come from the clash between engineering and 

medical teams (Das & Almonor, 2000). This literature review analyzed six articles to 

identify the main elements and success factors of optimal organizational structures, as 

well as what type of company and product are best candidates for the CE model applied 

to medical device development. 

Elements and Success Factors of CE 

The main elements that build a CE environment are the use of cross-functional 

teams, early involvement of teams needed to bring the product to market, simultaneous 

integration, and a strong leadership strategy (de Sousa Mendes & de Toledo, 2015; 

Kowang & Rasli, 2011). Kowang and Rasli expand on these elements by defining 

“critical success factors” that should also be incorporated into the concurrent design, 

which include a “top-down” decision making approach, strong focus on customer needs, 

continuity of cross functional teams, focus on high-risk predictions, early involvement of 
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suppliers and distributors, practical optimization of product and process, and focus on 

continuous improvement (2011). Many of these success factors are agreed upon in the 

literature that highlight them, such as the need to focus on the customer user needs and 

integration (Das & Almonor, 2000; Ellram, Tate, & Carter, 2008; Kowang & Rasli, 

2011). 

Regardless of how an organization approaches and drives their need for changes, 

the common factor in it all is the focus on continuous improvement. Das & Almonor 

achieve this by defining the product attributes and strategically assigning them a 

normalized score based on how they perform to the target specification. They created an 

extensive project plan, with the help of the entire team, that includes these scores and 

gives them focus to the most needed areas of improvement (2000). While some authors 

didn’t discuss a defined strategy with project planning, they did agree that this is 

something that should be done early in the development phase and with input from the 

entire team. Having a plan can help identify problems early in all areas of the 

development, enable the opportunity for simultaneous changes, monitor the changes 

made, and communicate those changes to the entire team effectively (de Sousa Mendes & 

de Toledo, 2015; Kowang & Rasli, 2011).  

Organizational Structure  

Organizational structure is one of the most impactful constructs identified in CE, 

with the use of cross-functional or multi-functional teams created early in the product 

development. These teams should be made up of members involved with all areas of 

product development, including those from medical, clinical trial management, product 

and process validation, manufacturing, marketing, packaging design, product design, 

supply and distribution, costing and regulatory (de Sousa Mendes & de Toledo, 2015; 
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Das & Almonor, 2000; Ellram, Tate, & Carter, 2008; Kowang & Rasli, 2011). 

Historically, research and quality teams tend to struggle with alignment, however, 

integration between the two can help alleviate issues with regulatory documentation 

needed for product approvals (de Sousa Mendes & de Toledo, 2015). 

Most discrepancies in the literature were related to how leadership should be 

handled in CE, including what decision-making approach to use. For instance, Das and 

Almonor suggest a combined top-down and bottom-up approach to changes and 

decisions is best, as the identification of the needed changes is typically driven by the 

engineers or subject matter experts that don’t always rides in a management position 

(2000). A top-down approach is also necessary to help drive those changes and to help 

with manufacturing processes and supply chain initiation. Kowang and Rasli argues that 

the approach should be solely top-down, however management should be receptive to 

feedback and willing to change their ideals (2011). Das and Almonor focused their 

leadership strategy on the team leader position itself, as they recommend team leader 

should have more of a project management background instead of a medical background, 

with a focus on team continuity and resource management (2000). 

Organization Size and Product Appropriateness  

When it comes to organization size, the most ideal organization for this strategy is 

the small to medium sized companies that are collocated and work closely together (de 

Sousa Mendes & de Toledo, 2015; Kowang & Rasli, 2011). This may be true because the 

typical characteristics that embody a smaller company, such as a collaborative 

environment, strong top management commitment and limited barriers to communication 

channels, help foster a CE environment. The members of these teams are regularly faced 

with wearing many hats and can communicate with one another quickly and effectively, 
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with limited bureaucracy (de Sousa Mendes & de Toledo, 2015). Kowang and Rasli 

found that multi-located, larger companies don’t have the same advantages related to the 

CE team attributes. They noted that larger, multi-located companies ranked formation 

and continuity of the CE team the lowest on implementation and improvement, which 

supports that communication and teamwork in these groups doesn’t offer an advantage 

due to the barriers present in that environment (2011). 

Medical devices are governed by regulatory hurdles in place by the FDA and 

ICH, making the product approval process more difficult. Many medical device products 

may be 510k eligible, meaning they are considered less innovative and equivalent to a 

medical device that is already approved. Although some authors suggest CE can be 

utilized for any type of product (de Sousa Mendes & de Toledo, 2015; Ellram Tate & 

Carter, 2008; Kowang & Rasli, 2011), others argue that CE is better suited for routine, 

non-radical, or non-innovative projects (Kong, Bhuiyan, & Thomson, 2008; Das & 

Almonor, 2000). Das and Almonor recommend that a 510k eligible product would be 

best suited for CE while Kong, Bhuiyan, and Thomson suggest a complete switch to 

sequential engineering is more appropriate (2000; 2008). De Sousa Mendes and de 

Toledo explain that a modification of the team structure to a more organic style is best for 

innovative products, and that CE principles may still be incorporated (2015).   

While the literature is supportive of CE use in the medical device field, it is 

unclear what organizational structure, product type, and organization size it is best suited 

for. The majority believe CE is ideal for use with non-radical projects and that a medical 

device team should be created early, with involvement from members of all areas of 

development instead of just the design team itself to be successful. Leadership and 

decision-making strategies should be identified early on, however, it is unclear which 
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strategy is best. This points to the need to assess what types of medical device 

organizations are using CE, and how they are successfully implementing it. Regardless of 

strategy, using elements of CE can lead to better outcomes moving medical devices from 

development to market. 

Chapter 3: Methodology 

Design of Study 

This cross-sectional study used an observational, quantitative design based on a 

questionnaire survey administered to participants that fit the defined inclusion and 

exclusion criteria (Setia, 2016). Disseminating the survey electronically allowed for data 

from a single time point to be collected quickly to many different sub-population groups 

with varied backgrounds efficiently (Institute for Work & Health, 2015).  

Data pulled from the survey allowed for the respondents to be categorized 

appropriately to explore the research question and link it to the proposed outcome 

effectively using quantitative analysis tools. This observational design approach is the 

best fit for this type of innovative research, as it will help us understand both the level of 

implementation and impact of a methodology without requiring a process change for the 

evaluation in a highly regulated environment like medical device development (Institute 

for Work & Health, 2016).   

Setting 

This study was conducted within medical device companies operating within the 

United States. These organizations varied in size, complexity, and location, however, 

they all must be governed by FDA regulations. A large sample group from the small 

organization subset originated from a single diagnostic medical device company located 

in Indianapolis, Indiana.  
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People Involved and Resources Needed 

Most of the resources needed for the study were material resources, including 

computers, Microsoft Office, Qualtrics Survey tool, access to internet, and access to 

social media sites, such as Linked-In. The survey component took up to 20 minutes of 

each participant’s time to complete.  

Sample Population 

This study included convenience sampling of people who work for small, 

medium, and large medical device companies. Company size categories were determined 

by total employees on payroll, with small companies comprised of 1-100 employees, 

medium companies including between 101-500 employees, and large companies 

maintaining greater than 500 employees. Inclusion criteria include those considered full-

time, part-time, and contracted employees in roles such as research, engineering, 

purchasing, quality, regulatory, supply chain, manufacturing, management, project 

management, and marketing. Exclusion criteria include those that were not an active 

member of the design and development team.  

Recruitment Methods 

A convenience sampling was used to collect survey data to allow for collection of 

responses from participants with various medical device backgrounds from diverse 

organizational structures. An anonymous link was published in medical device Linked-In 

groups and a targeted email was sent to a small local medical device company as well as 

individuals in the Clinical Research Management program at Arizona State University 

who work in medical devices. The target sample size was 20 participants, with a 

minimum sub sample amount of 5 participants from each organizational size: small, 

medium, and large. 
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Chapter 4: Results 

Response Rate 

The survey was distributed in an anonymous fashion using a link that tracks time 

started, time ended, geographical location of respondent, and the IP address of the 

respondent. Due to this strategy, the response rate was unable to be calculated. A total of 

36 responses were collected from individuals whole work in a medical device industry. 

Of those 36 responses, 2 were excluded for not meeting inclusion criteria and 8 were 

excluded for incomplete responses for a total sample size of n=26.  

Sample Size and Demographics 

Participants from small medical device companies made up the largest group of 

participants with 46% (n=12) of the responses. Those from large companies made up 

35% (n=9) of responses, and those from medium sized companies contributed the 

smallest percentage with 19% (n=5) of responses. After the initial push of surveys only 

collected 18 responses, targeted distributions were sent to 5 individual leads as well as all 

the professors in the CRM program. This second push was necessary in attaining the total 

response goal of 20 participants, with 5 from each company size dependent category of 

small (less than 100 employees), medium (100-500 employees) and large (greater than 

500 employees).  

Preliminary Analysis 

After reviewing the 8 incomplete survey responses, with several only showing 

one completed answer, edits were made to the survey to put all questions on a single page 

and to require full responses before survey submission. The aim of these changes was to 

prevent loading errors and participant confusion, as well as to prevent any accidental 

incomplete responses.  
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Likert scale responses for the CE utilization question and the process structure 

analysis were simplified from a 5-scale response (Strongly Agree, Somewhat Agree, 

Neutral, Somewhat Disagree, Strongly Disagree) to a 3-scale response (Agree, Neutral, 

Disagree) by grouping the “somewhat” and “strongly” labeled responses together. This 

was done to ease the agreement interpretation and simplify visuals, as the low sample 

size made it hard to evaluate agreement that was spread thin across the result options. 

Analysis Tools and Result Interpretation  

Qualtrics is a survey tool that created and distributed surveys, as well as 

statistically analyzed results collected in the survey that is offered at no charge to Arizona 

State University students (California State University Long Beach, 2020). This survey 

was used for both the survey and analysis components; however, the data was exported to 

Microsoft Excel for creating tables and figures to be included in this project.  

The two primary statistical tests used to assess the relationship between 

development strategy and product success were a correlation analysis and a paired T-test. 

These were chosen due to the small sample size and linear relationship between the data 

being analyzed (Qualtrics, 2021). In the event there was a non-linear relationship present, 

a Spearman's Rho ranked correlation was used for correlation assessment, as it also 

works with monotonic relationships (Ramzai, 2020). This was achieved by assigning 

values to strategy responses and the Likert scale responses regarding product success. For 

strategy responses, “sequential development” was assigned a value of 1, “both” was 

assigned a value of 3, and “concurrent development” was assigned a value of 5.  For 

Likert scale success factor responses, “Strongly Disagree” was assigned a value of 1, 

“Somewhat Disagree” was assigned a value of 2, “Neutral” was assigned a value of 3, 
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“Somewhat Agree” was assigned a value of 4, and “Strongly Agree” was assigned a 

value of 5. 

The P-Value, effect size (E.S.), and confidence interval (C.I.) are the relevant 

statistical values presented in the findings. A P-Value of less than or equal to 0.5 is 

statistically significant, while a P-Value of greater than 0.05 indicates that no effect is 

observed value (Grabowski, 2016). The effect size was used to indicate whether results 

are meaningful despite the sample size used for analysis. Pearson’s r and Spearman’s rho 

were used for correlation tests and Cohen’s d accompanies the T-test analysis. Effect size 

result interpretation is broken into several categories, as a large effect value is >0.8, a 

medium effect value is >0.5, a small effect value is >0.2, and trivial or no effect value is 

>0.2. A positive effect size value would indicate a positive correlation between CE and 

product success, as they are the high valued responses. A negative effect size value 

indicates there is more correlation with the higher and lower value and that the hypothesis 

is not in favor. A 95% C.I. was calculated for each statistical analysis, with a large 

interval range indicating a larger uncertainty of effect size (Qualtrics, 2021). 
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Figure 1 

CE Utilization Amongst Medical Device Companies 
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CE Attribute Utilization  

The 10 CE attributes identified in the literature and assessed for utilization were the 

use of cross-functional teams, continuity within team, focus on customer needs, practical 

optimization of product and process, focus on continuous improvement, focus on high-

risk predictions or product areas, early involvement of team members, simultaneous 

product integration into all process and workflows, strong leadership engagement and 

support, and early involvement of supplier and distributors. The top 3 attributes utilized 

amongst all company sizes were the use of cross-functional teams (88.5%), continuity 

within team (80.8%), and focus on customer needs (80.8%). The attribute least utilized 

was early involvement of supplier and distributors (57.7%). All CE utilization results are 

depicted in Figure 1.  

Relationship Between CE Use and Product Success 

Product success factors used for analysis included overall project success, 

timeline was followed, project stayed on budget, issues were handled quickly and 

effectively, the team communicated consistently, information and decisions were 

communicated to the whole team, and needs and expectations were understood. The 

correlation analysis and paired T-test supported positive correlation to CE and agreement 

with success factors, with P-values of less than 0.05 for all success factors.  

According to the paired T-test, the two success factors with 95% confidence of a 

large effect size were overall project success (1.096) and consistent communication 

(1.035).  The biggest E.S. variation was seen with timeline (0.668), which ranged 

between a small (0.40) to large (1.60) with 95% confidence. All other success factors 

analyzed with the paired T-test ranged from a medium to large effect size with 95% 

confidence.  
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The effect sized provided by the paired T-test with the largest 95% confidence 

ranges between a small and large effect size were the budget, information and decision 

communication, and needs and expectation understanding factors. The factors with a 95% 

confidence of a trivial to a medium effect size were overall success, issue handling, and 

consistent communication. The timeline success factor exhibited the smallest category 

ranges between a small (0.22) and medium (0.78) effect size. Complete statistical 

analysis results from both the correlation analysis and T-Test are presented in Table 1. 

When asked about the number of resubmissions needed for the last project they 

served as a development team member, respondents that indicated the sole use of 

concurrent development required either 0 resubmissions (83.3%) or 1 resubmission 

(16.7%). Those that indicated using sequential development ranged from 0 resubmissions 

(61.5%) to 2+ submissions (7.7%). Complete results are presented in Table 2.  
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Table 1 

 

Relationship Between CE Use and Success 

 

Success Factor 

Correlation   Paired T-test 

P-Value E.S.  C.I. 
C.I. 

Difference  
P-Value E.S.  C.I. 

C.I. 

Difference  

Project was successful 0.03100 0.424* 0.04 to 0.70 0.660 < 0.00001 1.096 1.14 to 2.47 1.330 

Timeline was followed 0.00285 0.561* 0.22 to 0.78 0.560 0.00223 0.668 0.40 to 1.60 1.200 

Project stayed on budget 0.00008 0.694 0.42 to 0.85 0.430 0.00003 0.993 0.71 to 1.68 0.970 

Issues were handled quickly and 

effectively 

0.02510 0.438 0.06 to 0.71 0.650 0.00029 0.825 0.65 to 1.89 1.240 

The team communicated 

consistently 

0.01089 0.491 0.13 to 0.74 0.610 0.00002 1.035 0.91 to 2.09 1.180 

Information and decisions were 

communicated to the whole 

team 

0.00023 0.661 0.37 to 0.84 0.470 0.00002 1.015 0.76 to 1.77 1.600 

Needs and expectations were 

understood 

0.00015 0.677 0.39 to 0.84 0.450 0.00002 1.042 0.78 to 1.76 0.980 

Note: Correlation E.S. values with an asterisk (*) were calculated with Spearman’s Rho while all others correlation E.S. values were 

calculated with Pearson’s R. Paired T-Test E.S. values were all calculated with Cohen’s d.  
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Table 2 

Resubmissions Required Grouped by Development Strategy 

Total 

Resubmissions  

Development Strategy 

Concurrently Both Sequentially 

0 83.3% 57.1% 61.5% 

1 16.7% 42.9% 30.8% 

2+ 0.0% 0.0% 7.7% 

 

Strategy and Improvement Focus  

When asked about development strategy use within the company, CE was most used in 

medium size companies (60.0%) followed by large companies (33.3%). The majority of small 

company respondents indicated the use of sequential engineering for product development 

(91.7%). See Table 3 for complete results on strategy comparison.  

Table 3 

Comparison of Strategy Use Between Company Sizes 

Development  

Strategy 

Company Size 

Small Medium Large 

Mostly Concurrently 0.0% 60.0% 33.3% 

Mix of Both 8.3% 40.0% 44.4% 

Mostly Sequentially 91.7% 0.0% 22.2% 

 

When asked to select the areas of improvement focus, the top response out of the product, 

customer needs, cost reduction, manufacturing needs and abilities, quality and regulatory 

requirements, supply chain and purchasing, and marketing was focus on improvements to 

product, regardless of strategy use and company size the respondents selected. A complete 

breakdown of responses is shown in Table 4.   

Table 4 
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Improvement Focus Amongst Respondents  

 

Improvement 

Focus 

Strategy Company Size 

Concurrent Both Sequential Small Medium Large 

Improvements to the 

product 

100.0% 57.1% 84.6% 83.3% 100.0% 66.7% 

Customer Needs 66.7% 57.1% 76.9% 66.7% 60.0% 36.8% 

Quality and Regulatory 

Requirements 

66.7% 57.1% 61.5% 50.0% 80.0% 55.6% 

Manufacturing Needs and 

Abilities 

66.7% 28.6% 30.8% 25.0% 80.0% 44.4% 

Cost Reduction 50.0% 42.9% 23.1% 25.0% 60.0% 33.3% 

Marketing 33.3% 0.0% 23.1% 25.0% 40.0% 0.0% 

Supply Chain and 

Purchasing 

33.3% 28.6% 0.0% 0.0% 40.0% 22.2% 

 

Process Structure Differences 

 

Respondents were asked to rate their process structure level based on the categories of 

approval process, project planning, and defined procedures, which is depicted in Figure 2. Most 

large company respondents (87.5%) indicated high structure for all categories while all 

respondents from medium sized companies (100%) indicated highly structure for all categories. 

Majority answers for small companies were split between highly structured defined procedures 

(58.3%) and moderately structured approval process (58.3%) and project planning (66.7%).  
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Figure 2 

Comparison of Process Structure Between Company Sizes 
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the project. Small company employees had a split majority response (41.7%) between team sizes 

of 1 to 5 and 6 to 10 members as well as a split majority response (50%) between involvement in 

the project that was either segmented or that lasted for the duration of the project. Most small 

company respondents agreed to the location of team members spread out within the same 

building (66.7%). Employment level of employees involved on the team had the most variable 

results, with the most common answer of full-time employees (42.3% collectively). See Table 6 

for complete comparison of team structure variation.  

Table 5 

 

Team Members Included on Development Teams 

 

Functional Group 

Company Size 

Small Medium Large Total 

Research and Development 100.0% 100.0% 77.8% 92.6% 

Regulatory 76.9% 80.0% 77.8% 77.8% 

Manufacturing 69.2% 60.0% 66.7% 66.7% 

Quality 69.2% 60.0% 55.6% 63.0% 

Marketing 53.8% 60.0% 55.6% 55.6% 

Company Directors 61.5% 60.0% 33.3% 51.9% 

Company Managers 53.8% 80.0% 33.3% 51.9% 

Company Ownership 53.8% 60.0% 22.2% 44.4% 

Engineering 30.8% 40.0% 55.6% 40.7% 

Purchasing 15.4% 80.0% 11.1% 25.9% 

Supply Chain 7.7% 80.0% 11.1% 22.2% 
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Table 6 

 

Team Structure Variation Between Company Sizes 

 

Team 

Characteristic 

Answer  

Choices 

Company Size 

Small Medium Large 

Team Type Cross-functional 

Independent 

Both 
 

Cross-functional 

(66.7%) 

Cross-functional 

(60.0%) 

Cross-functional 

(88.9%) 

Team Size  1-5 

6-10 

11-15 

16-20 

 >20 

1-5 

(41.7%) 

6-10 

(41.7%) 

11-15 

(80.0%) 

11-15 

(44.4%) 

Collocation of 

Team 

Close together  

Spread out, same 

building 

Spread out, 

between 

buildings 

Spread out, same 

building 

(66.7%) 

Spread out, 

between 

buildings  

(60.0%) 

Spread out, 

between 

buildings 

(88.9%) 

Employment 

Type 

Contractors 

Part-time 

Both 

Neither  

Contractors 

(41.7%) 

Full-time only 

(80.0%) 

Contractors, 

Both, Neither 

(33.3%) 

Team Member 

Involvement 

For the Duration  

Segmented 

For the Duration, 

Segmented 

(50.0%) 

For the Duration 

(60.0%) 

For the Duration 

(55.6%) 

Team Leader Ownership 

Department 

Management 

PhD Scientist 

Non-medical 

Project Manager 

Project Manager 

(50.0%) 

Project Manager 

(80.0%) 

Project Manager 

(62.5%) 

How Changes 

are Driven 

Top-down  

Bottom-up  

Both 
 

Both (58.3%) Both 

(80.0%) 

Both 

(66.7%) 
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Chapter 5: Discussion  

 

Medical device developers are faced with similar challenges as those in other 

medical fields, such as strict regulations, expenses, and difficult timelines; however, the 

added need for safe and effective design engineering add additional complexity to the 

product development. Without a robust and efficient strategy for development, these 

barriers could make it difficult or even unprofitable to bring products to market to 

patients in need of these new technologies. Traditional, sequential methods of 

development have continued to lead to issues in areas such as manufacturing, supply 

chain, and design for reliability that could result in needs for product improvement to 

help protect patients who use these products safe (FDA, 2011). A design strategy that 

incorporates CE could help break these barriers down and address these design and 

manufacturing issues commonly faced by developers.  

The main purpose of this project was to evaluate medical device companies for 

what CE constructs are in use and if they are helpful in bringing a successful product to 

market quickly and efficiently. A secondary intention is to confirm whether infrastructure 

differences between small, medium, and large medical device companies support or 

inhibit the ability to implement CE in development. The hypotheses tested are that CE 

does lead to product development success and that it is best suited for small to medium 

sized companies due to their flexible, less structured nature. 

Relationship Between CE and Product Success  

All CE factors assessed where implemented at various levels, with the top 

attributes utilized being the use of cross-functional teams (88.5%), continuity within the 

team (80.8%), and focus on customer needs (80.8%) with the attribute least utilized being 

early involvement of supplier and distributors (57.7%). While it is encouraging that all 
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elements are all considered, it is imperative that the equal attention be given to all of 

them as they are all important in successful implement CE practices. Issues with supplier 

controls are a common reason for adverse events stemming from medical devices (FDA, 

2011). 

Statistical analysis, including a paired T-test and correlation analysis, were used 

to evaluate the linkage of CE use and product development success with Likert scale 

responses to various success factor questions. Both tests provided strong correlation to all 

success factors and CE use for both statistical tests (P < 0.5), indicating that CE use does 

aide in product success. While the P-value can give great inside to the statistical 

relevance, it is important to consider the effect size to provide more insight on the clinical 

relevance, especially when small sample sizes are used for analysis (du Prel, Hommel, 

Röhrig, & Blettner, 2009).  

The effect sizes for most success results demonstrated variation when the 

confidence intervals were considered, however, T-test results provided larger effect sizes 

overall. The two success factors with the strongest correlation and high effect size were 

overall project success and consistent communication according to paired T-test, however 

both of those success factors ranged from trivial to medium effect sizes with the 

correlation evaluation. This effect size variation demonstrates the importance of using a 

larger sample size for evaluation, as small sample sizes are a common cause of this 

(Qualtrics, 2011).  

Tracking the number of submissions needed for product approval was another 

strategy used to evaluate product success. Respondents that indicated the use of CE 

practices required less submission attempts than those that used sequential practices. 

Sequential developers were the only participants that selected “2+” submissions needed 
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(7.7%), which can lead to a delay of at least year, as the average submission turnaround is 

6 months (Lindsey, 2014). Any delay would also require additional resources in time and 

money and could set back other projects the team could be working on. Unfortunately, 

the participants were not surveyed about whether the product submitted was considered 

innovative or if it was 510K eligible. This would have given insight as to if CE can also 

be successfully used for innovative product development or if it is better suited for non-

innovative products like the literature suggests. Furthermore, innovative products can be 

more difficult to attain approval for on the first attempt, which may have been reflected in 

the submission attempt results. 

Team and Organizational Infrastructure  

As expected, large and medium companies ranged from moderately to highly 

structured for approval process, defined procedures, and project planning while small 

companies ranged from low to moderate structure. Large and medium companies also 

exhibited the largest use of CE or a mixture of CE and sequential practices while almost 

all small companies mostly use a sequential strategy (91.7%). The literature suggests that 

the structure would inhibit the ability to use CE; however, these findings do not support 

the secondary hypothesis by suggesting they already implement it successfully.  

After evaluating the responses to product improvement focus, it was noticed that 

the “product” response was listed twice, therefore, the duplicated responses were 

removed before analysis. Regardless, all subgroups agreed that improvement to product 

was the top choice for improvement focus, followed by customer needs, quality and 

regulatory requirements, and manufacturing needs and abilities. These results were 

encouraging, as they are common areas for development issues and adverse events 

identified by the FDA (2011). Supply chain was not only the lowest on the list for 
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improvement focus, but also came last next to purchasing on the selection list for which 

members were included on the development team. This alignment highlights the need for 

more focus in these areas, as they are especially important in manufacturing and safety, 

as weak supplier controls can lead to issues with receiving quality product for use in 

manufacturing.  

The team structure agreement across company sizes was much higher than 

expected, with all subgroups utilizing cross functional teams, project management 

leadership, and both a top-down and bottom-up approach to driving changes. Both 

medium and large companies had the same majority responses for team structure which 

suggests their infrastructure is more similar than small and medium sized companies. The 

use of project managers for product development shows that project planning is a top 

priority in development, which is critical in clarifying needs, improving communication, 

and identifying problems early (de Sousa Mendes & de Toledo, 2015; Kowang & Rasli, 

2011). These findings support that a combined approach to decision making is successful, 

which was especially interesting considering it was one of the most antagonistic 

argument found in the literature. Medium and large companies tend to use teams that are 

involved throughout product development, while small companies indicated that their 

team member involvement was both segmented and continuous. This finding supports the 

use of sequential development by small companies, as development is also segmented 

and stepwise. Contrary to the literature, collocation did not impact product success, 

which is most likely due improvements to technology that ease communication barriers.  

Real World Implications  

Findings from this project support a change from the traditional, sequential 

method of medical device development to a concurrent practice. They also suggest that 
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company size and infrastructure shouldn’t inhibit the ability to implement CE into the 

workplace. As CE is a choice in development strategy, it doesn’t constitute a change in 

policy or regulations. However, using CE strategies could become a standard of practice 

for not just medical device companies, but in all medical industries. For this to be 

achieved, there needs to be more research conducted on its application to the medical 

field to expand on the published data that currently exists. Published, peer reviewed 

papers are the most trustworthy sources for credible data and can be easily disseminated 

to interested parties. A review by the FDA itself could possibly provide the most 

comprehensive data, as their outreach far exceeds what individual contributors could 

provide in a timely manner. Training sessions, such as seminars and workshops, would be 

ideal to help people fully understand the concept and how to apply it to their own 

businesses as well.  

Limitations 

Although this project has provided promising results, there are several limitations 

in bias, generalizability, reliability, and validity that should be considered. The majority 

of limitations stem from bias in sample, setting, recruitment strategy, recall requirements, 

and data collection strategy. 

Since the sample was derived from a convenience sampling, the outreach to 

participants from a variety of companies was relatively low. The majority of small 

company responses came from the author’s place of employment; therefore, the small 

company responses might have been more representative of that specific company. Other 

responses were pulled from Linked-In groups using an anonymous link, which limited 

respondents to those with access to computers who were also members of the targeted 

groups. Since respondents weren’t asked to provide personal identifiers, company names, 
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or personal team roles, it is uncertain as to how well the sample represents varied 

company types as well as how well it represents the perspective of various team roles.  

Despite the efforts made in data collection, the response rate was relatively low, 

especially for those residing in medium or large companies; therefore, the data was 

collectively more impactful than breaking the respondents into their respective subgroups 

for analysis. The sub-group analysis should not be used to generalize practices or 

infrastructure to the entirety or the groups they represent, but to provide secondary 

insights into the differences that could be present.    

The respondents were required to recall the last project for which they served as a 

team member for several Likert-scale questions, however, they weren’t required to state 

how long ago the project took place. While this question type helps better outline the 

intensity of each interaction, it could introduce some subjectivity to the results. Both 

scenarios could have impacted the bias and reliability of the results, as recalling 

memories from an unknown amount of time at that level could be difficult.    

Future Research 

While this study has supported the use of CE in medical device companies, there 

were several limitations that indicated the need for future research. Foremost, this study 

should be repeated using a much larger sample size from all subgroups, which should 

include sampling not just from the medical device fields, but also other fields such as 

pharmaceuticals. Participant demographics should also be tracked and expanded to those 

involved in all roles of product development teams to alleviate the potential bias 

introduced from team member distribution. The product and submission types should also 

be tracked in future studies to help determine whether CE works better with innovative or 
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non-innovative (510K eligible) products, as this analysis was unintentionally excluded in 

the survey.  

It would be interesting to look deeper into whether the product success of medium 

and large companies is due to their infrastructure or access to more resources versus their 

implementation level of CE. Evaluating the innerworkings of highly structured processes 

truly nurture communication and team cohesiveness rather than inhibit them like the 

literature suggests.  

Conclusion  

 

This project tackled the question of whether using CE could lead to product 

success, while also identifying the team and organizational structures that are best suited 

for its use. This study found that not only is there a strong correlation to CE and product 

success, but resubmissions for approval are less common with those that use CE 

practices.  

While small companies tend to develop in a traditional, sequential way, most 

medium and large companies have already begun incorporating CE practices into 

development. Medium and large team structure and organization infrastructures has more 

similarities than small and medium companies, however, the team variations between all 

companies were not significant. Regarding infrastructure, both moderately and highly 

structured processes did not negatively impact the ability to successfully implement and 

use CE. The most concerning finding was the lack of supply chain and purchasing 

incorporation in both team selection and improvement focus, as this area is critical in 

providing high quality materials to manufacture.  

While this study supports that CE can be a useful strategy for medical device 

development, it should be continued to be evaluated for use in the field with much larger 
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sample sizes. It is important to focus on ways to continuously improve product 

development, as it is imperative in getting safe, effective, and innovative to patients in 

need quickly and affordably.  
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Appendix 

Qualtrics Survey 

CE in the Medical Device Industry 
 

• Start of Block: Q1 

 

Q18 Have you been involved with pharmaceutical or medical device product 

development? This could include roles such as research, engineering, purchasing, quality, 

regulatory, supply chain, manufacturing, management, and marketing.  

• Yes  (1)  

• No  (2)  

 

 

How many employees does your company have? 

• Small (less than 100)  (1)  

• Medium (100-500)  (2)  

• Large (greater than 500)  (3)  

 

 

Q2 What type of products do you work with? 

• Pharmaceutical  (1)  

• Diagnostic Medical Devices  (2)  

• Other Medical Devices  (3)  

• Other  (4) ________________________________________________ 
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Q3 How defined are your processes for new product development? Select the best 

answer. 

 

Little to 
no 

structure 
(1) 

Loosely 
Structured 

(2) 

Moderately 
structured 

(3) 

Very 
structured 

(4) 

Highly 
structured 

(5) 

Approval 
Process (1)  

•  •  •  •  •  

Project Plan 
(2)  

•  •  •  •  •  

Defined 
Procedures 

(3)  
•  •  •  •  •  

 

 

Q4 What is your product design and/or improvement focused on? Select all that apply.  

• Improvements to the product  (1)  

• Customer Needs  (2)  

• Cost Reduction  (3)  

• Manufacturing Needs and Abilities  (4)  

• Quality and Regulatory Requirements  (5)  

• Supply Chain/Purchasing  (6)  

• Marketing  (7)  

• The Product  (8)  

 

 

Q5 Do you develop products sequentially (from one phase to another) or concurrently 

(simultaneously develop in areas related to all phases)? 

• Mostly Sequentially  (1)  

• Mostly Concurrently  (2)  

• Mix of both  (3)  

 

 

Q6 Do you utilize cross functional teams or independent teams for product development? 

• Cross-functional  (1)  

• Independent  (2)  

• Both  (3)  
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Q7 How many people are typically included on new product development teams? 

• 1-5  (1)  

• 6-10  (2)  

• 11-15  (3)  

• 16-20  (4)  

• >20  (5)  

 

 

Q8 Who is typically involved with the product development team? Select all that apply. 

• Research and Development  (1)  

• Regulatory  (2)  

• Manufacturing  (3)  

• Engineering  (4)  

• Quality  (5)  

• Supply Chain  (6)  

• Purchasing  (7)  

• Marketing  (8)  

• Company Ownership  (9)  

• Company Directors  (10)  

• Company Managers  (11)  

 

 

Q9 How collocated are the team members on the new product development team? 

• Members are located relatively closely together in the building  (1)  

• Members are spread out but in the same building  (2)  

• Members are spread between offices, buildings, or work from home  (3)  

 

 

Q10 Are contractors or part time employees utilized on the product development team?  

• Contractors  (1)  

• Part-time employees  (2)  

• Both are used  (3)  

• Neither are used  (4)  

 

 

Q11 Are all team members involved throughout the project development process? 

• Yes- they give input throughout the project  (1)  

• No- their involvement is segmented  (2)  
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Q12 Who is the overall project leader? 

• Company owner, CEO, or COO  (1)  

• Department Manager or Director  (2)  

• PhD Scientist  (3)  

• Non-medical Member  (4)  

• Project Manager  (5)  

• Other  (6) ________________________________________________ 

 

 

Q14 How would you say changes to the product are driven? 

• Top-down  (1)  

• Bottom-up  (2)  

• Both  (3)  
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Q15 Consider the last project for which you served as a product development team 

member for the following questions:  

 
Strongly 
Disagree 

(1) 

Somewhat 
disagree (2) 

Neither 
agree nor 

disagree (3) 

Somewhat 
agree (4) 

Strongly 
agree (5) 

The project 
was 

successful. (1)  
•  •  •  •  •  

The project 
timeline was 
followed. (2)  

•  •  •  •  •  

The project 
stayed on 

budget. (3)  
•  •  •  •  •  

Issues were 
handled 

quickly and 
effectively. (4)  

•  •  •  •  •  

The team 
communicated 

consistently. 
(5)  

•  •  •  •  •  

Information 
and decisions 

were 
communicated 

to the whole 
team. (6)  

•  •  •  •  •  

Needs and 
expectations 

were 
understood. 

(7)  

•  •  •  •  •  

 

Q16 Did the last project you worked on require any resubmissions? 

• 0  (1)  

• 1  (2)  

• 2+  (3)  
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Q17 Considering the last project for which you served as a product development team 

member, which of the following attributes were used? 

 
Strongly 
Agree (1) 

Somewhat 
Agree (2) 

Neutral (3) 
Somewhat 

Disagree (4) 
Strongly 

Disagree (5) 

There was focus on high 
risk predictions or product 

areas. (1)  
•  •  •  •  •  

Team members were 
involved early in 
development. (2)  

•  •  •  •  •  

Product was 
simultaneously integrated 

into all process and 
workflows. (3)  

•  •  •  •  •  

There was strong 
leadership engagement 

and support. (4)  
•  •  •  •  •  

Cross-functional teams 
were utilized. (5)  

•  •  •  •  •  

There was continuity 
within the team. (6)  

•  •  •  •  •  

Suppliers and distributors 
were involved early in 

development. (7)  
•  •  •  •  •  

Optimization of product 
and process was practical. 

(8)  
•  •  •  •  •  

There was focus on 
continuous improvement. 

(9)  
•  •  •  •  •  

There was focus on 
customer needs. (10)  

•  •  •  •  •  

 

 

 

• End of Block: Q1 
 

 


