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Appendix 1: interview notes

Interview 1 
Q: thought the knowledge aspect in your thesis was very interesting. You had a persona for BMETs 
which are often not available, nurses and surgeons. BMETs are the only knowledgeable people in 
operating the equipment, however in practice it’s often others using it. Do you have any suggestions 
for how to tackle this lack of knowledge and minimise risks? 

A:
- it was shocking to see that the knowledge was the way it is
- their knowledge was experienced based, try out base
- knowledge became old because it’s only. been passsed down through generations
- previous saved settings on many devices —> interface design could help
- sounds: they often just turned out the volume because it just keeps making noise (e.g. if it’s really 
a hazard, volume shouldn’t be allowed), forcing to address the issue
- look at “nudging”
- providing information is always tricky (e.g. Ikea manuals) —> has to be really out there and really 
visual (nobody reads)
- integrate within interface seems like the best option
- go for more forced actions (e.g don’t allow for mistakes)
- quite trick that screen is blinking, sounds are being made, device is behind heir back, nobody looks 
at it anymore so nobody is paying attention to it
- there is only one person focusing on it during surgery unless there’s a biome specifically on task
 -think of what is “too important” to ignore?

Q: Another aspect I found quite interesting (correct me if I am wrong) is there seems to be quite a 
general lack of protocol (e.g. a quote - requests are not addressed to a particular person, lots of 
people in the room, unclear what to do in case of an alarm). Why do you think this is the case? 

A:
- focused on providing the basics
- they were very proud of showing her the national hospital
- focus: lack of things, they are unable to focus on making work processes more efficient
- there are a lot of patients just laying on the hallway waiting to be addressed (because they can’t 
do things)
- there’s not enough time and resources to focus on processes (assumptions), unsure if there’s 
protocols that they should follow
- lots of people of training in the or just watching
- she was asked many times if to be a surgical assistant, nobody knows who’s there or what’s going 
on
- you can just walk into any surgery, there are wooden doors
- make shift surgery in an office
- very small surgery room
- she almost fell over the foot of the leg that was amputation
- they needed an extra room for surgery very quickly
- too narrow and too small

Interview 2

Q: One aspect I found interesting in your thesis is that you mentioned that non-doctors are starting 
to get trained to perform medical procedures such as surgeries or that there is a lot of lack of 
experience. How did you experience this limited experience?

A:
 - equipment is very specialised for very special needs, designed based on knowledge of users that 
are very specialized
 - simplify the settings, more generic surgeries
 - different uses of the product 

Q:  Did you experience how the surgical theather is set up? 

A: not really, protocols are not as strict 

Q: What other infrastructural issues did you encounter in operating theatres?

A:messy surgery rooms

Interview 3

Q: What were the most important requirements?

A:
- re-useability (purchase price increases) — cleaning  like cidex; dissasembly, decrease the amount 
of steps, make it as easy as possible, avoid smol parts (not needing supply chain as it’s unreliable)
- intuitive (very limited skills)

Q: How are district hospitals different from other hospitals?

A:
- price = most important
- reusability
- they pay higher price because harder to reach
- lack of staff —> operate with 1 person
- very basic autoclave (Moree like a pressure cooker)
- limited training in cleaning



MSc. Thesis : Ioana Drilea 106 MSc. Thesis : Ioana Drilea 107

Appendix 2: ideation phase

Sketches 

The ideation phase includes a brainstorming session and ideation done outside of it before and after 
the session. The goal of this phase is to gather concrete ideas and directions to augment individual 
ideation. 

Brainstorming 
A brainstorming was held with the purpose of generating new ideas and concepts for a laparoscopic 
tower that is both robust and portable. This section describes the method that was used for the 
brainstorming session, the participants that were selected and the results of the session are shown 
and discussed. 

Method 
Participants were welcomed to the session and signed the consent forms. Once the consent forms 
were signed, the session was started up with a short energizer. The goal of the session is to generate 
new concepts and ideas for a new laparoscopic tower that is both robust and portable. To achieve 
this, three activities are distinguished. The first activity consisted of building metaphorical models 
by using Lego (Lego serious play, retrieved 2023) based on the associations participants had with 
the words “robust” and “portable”. Once complete, the participants were provided with background 
information about laparoscopy, the laparoscopic tower, and the need for re-designing it for low- 
and middle-income countries was explained.  The participants had a chance to ask for clarifying 
questions and additional information. Finally, the final activity asked participants to integrate their 
associations from the first and second activity into new concepts and ideas for a laparoscopic tower. 
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Lego metaphorical models 
Participants were asked to develop tangible associations with the words “robust” and “portable” by 
using the Lego serious play method (Lego serious play, retrieved 2023). The terms were defined as 
follows: 

Portable = something that is easily carried or transported from one place to another. It often implies 
that the object is lightweight, compact, and convenient to move around.

Robust = refers to something that is strong, sturdy, and able to withstand a range of conditions or 
challenges. It often implies that the object or system is durable, reliable, and resilient.

Participants were guided step-by-step through the exercise. First, the exercise was explained 
verbally, and a worksheet was offered for additional guidance. The exercise took around half an 
hour in total (15 minutes per word). The participants first wrote associations with the word (around 
1 minute), after which they were asked to use Lego to build and incorporate their associations into 
tangible models (around 10 minutes). Once the models were finished, the two groups shared their 
insights with each other and had a short moment to reflect upon aspects that they might have not 
considered yet. 

Background information
Once the Lego exercise was complete, the models were put aside, and the worksheets were 
collected. The participants were provided with background information about laparoscopic surgery. 
The core concept was explained, together with the devices that are required for laparoscopy, the 
setting of the operating theater and the challenges of implementation in low- and middle-income 
countries. A prototype was also shown to give a tangible representation of the tower. 

Developing new ideas and concepts 
For the final exercise, the participants were asked to develop ideas and concepts for a new laparoscopic 
tower that is both robust and portable. They were reminded to integrate their associations from the 
previous exercise into the concepts and encouraged to sketch and create tangible prototypes.  A 
second worksheet was provided for guidance.
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Participants 
As recruiting medical professionals for this brainstorming proved to be challenging, students 
from the three different master programs at Industrial Design Engineering were recruited for the 
brainstorming. Participants with affinity for medical design or global surgery were prioritized. Table 
X gives an overview of participants and their backgrounds. 

The total of 8 participants were divided in 2 teams of 4. Each team combined students from the three 
master programs.  The teams were divided so that each team had a good combination of students 
that were experienced in medical design and or global surgery and inexperienced students. 

Results and discussion

The output of the brainstorming session consists of 12 Lego models associated with the word 
“robust”, 13 “lego” models associated with the word “portable”, several associations with each and 
10 distinct directions/ideas for a new laparoscopic tower that is both portable and robust. 

Associations with robust 

Figure 21 shows an overview of the models that were created in association with the word robust. 
Robustness was associated with transparency, as it allows users to see what is happening and 
gain confidence that everything is functioning accordingly. Another association with robustness is 
ability to withstand impact, weather that is in the form of toughness and direct resistance to impact, 
or ability to be flexible and resist to impact. Train tracks were also associated with robustness 
as wear and tear and external factors don’t comprise their quality. Simplicity was also associated 
with robustness, while a full structure might be big and robust, so is a single Lego brick. Another 
occurring theme was a strong base that is used for protecting something vulnerable, thus making it 
robust. Finally, darker colors were associated with robustness.
Figure 21 shows an overview of the models that were created in association with the word robust. 
Robustness was associated with transparency, as it allows users to see what is happening and 
gain confidence that everything is functioning accordingly. Another association with robustness is 
ability to withstand impact, weather that is in the form of toughness and direct resistance to impact, 
or ability to be flexible and resist to impact. Train tracks were also associated with robustness 
as wear and tear and external factors don’t comprise their quality. Simplicity was also associated 
with robustness, while a full structure might be big and robust, so is a single Lego brick. Another 
occurring theme was a strong base that is used for protecting something vulnerable, thus making it 
robust. Finally, darker colors were associated with robustness. 
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Associations with Portable 

Figure 22 gives an overview of the models made in association with the word portable. Portability was 
associated with movement from A to B, both in the form of mechanical movement through wheels 
and pulleys and more abstract transitions. Another occurring theme was the idea of having a lot of 
functionality coming together in something compact, such as pocketknives or baskets carrying a lot 
of different parts. Portability was also associated with an aesthetic solution and small components 
fitting within larger components. Finally, portability was also associated with creating functionality 
that would make something large carriable (e.g handles)

Figure 23 gives an overview of the concept directions developed during the session. Different 
ideas for collapsible carts are presented. Mechanisms to attach and detach pieces, and stackable 
equipment are also recurring themes. 

Conclusion 
- Many ideas of different ways to make something that is compact and robust
- Many stackable and attachable/detachable options
- Hard to decide without more expert input 
- Based on the brainstorming and additional ideation two distinct directions were chosen 
- One concept integrated within bedside and one flight case inspired concept 
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Appendix 3: inital survey

The survey consists of three sections: an introduction section consisting of biographical questions, 
about the type of hospital participants work in (district, provincial, national) , the location of hospital 
(E.g urban, suburban, rural), their expertise area (general surgery, biomed, obstetrics and gyn) and 
their level of experience (e.g. beginner, intermediate, advanced) 

The second part of the survey asks the participants to rank different requirements according to 
importance, and about the barriers encountered when implementing laparoscopy. The ranking 
questions are augmented with open questions. 
 
Score the following design requirements of the laparoscopic tower, in the context of using it 
together with a USB scope solution (1 = not important, 5 = very important)
The tower should have low purchase costs
The tower should be easy to install and set-up
The tower should be easy to maintain
The tower should have low maintenance costs
The tower should be easy to clean
The tower should be moveable from one operating room to another
The tower should be rugged and robust
The tower should be modular
The tower should be portable and compact
The insufflator should be visible at all times
The screen height should be adjustable
The tower should hold/contain the CO2 supply

Open questions: 

- Please specify any additional requirements
- What problems do you encounter using laparoscopic equipment. Shortly describe

What are current barriers that you experience with performing laparoscopic surgery, rank 
from high to low barrier (1 = low barrier, 5 = high barrier) 
High costs associated with purchasing laparoscopic equipment
Time required to set-up and perform laparoscopic surgery
Difficulties with setting up laparoscopic surgery
Availability of laparoscopic equipment
Difficulty using laparoscopic equipment
Difficulty sourcing spare parts
Lack of maintenance and costs associated with maintenance
Cleaning infrastructure for laparoscopic equipment
Limited opportunities to learn and practice laparoscopy skills
Skepticism/reluctance from patients to undergo laparoscopic surgery
Open questions: 

- Please specify any additional barriers you encounter

The third part of the survey asks participants to describe the two different concepts directions and 

indicate their preference. The concepts are presented both visually and with a short description. 

Afterwards two different concept directions were presented: 

Concept 1: solution integrated within surgical bed
The first concept, consists of an attachment piece to the surgical bed. This design allows for a 
fixed location of the tower during the operation, thus creating a dedicated space for the screen and 
insufflator. With this concept, one attachment piece is required per operating room (OR), as the 
tower is attached to the surgical bed. Equipment can be moved on or off accordingly. 
What do you like about this concept and what would you change or improve? 

Concept 2: flight case inspired laparoscopic tower 
The second concept is inspired by flight cases, with a focus on a highly mobile solution. Flight cases 
are rugged containers on wheels, used to transport delicate equipment for professionals that travel 
frequently. This concept makes use of those advantages to enable mobility within a hospital setting. 
The tower is equipped with different shelves allowing for equipment to be moved from one room to 
another, eliminating the need for additional equipment carts.
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Appendix 4: validation survey
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Appendix 5: bill of materials


