
Value Sensitive Design of a 
Humanitarian Cargo Drone 
& Danish Healthcare Drone
Presented by: Dylan Cawthorne
Based on work by: Dylan Cawthorne, Alessandra Cenci, and Aimee van 
Wynsberghe

Dylan Cawthorne

PhD Student/Associate Professor

SDU Drone Center

BSc, Mechanical Engineering

MSc, Product Design and 
Innovation

dyca@sdu.dk

www.dylancawthorne.com
07-01-2020

Value Sensitive Design in the 
Drone Domain Workshop
https://vsdinthedronedomain.sdu.dk/
7th of January, 2020

mailto:dyca@sdu.dk
http://www.dylancawthorne.com/
https://vsdinthedronedomain.sdu.dk/


Context
• How can, and why should, engineers design “ethical” drones?



Introduction: Embodied values
The embodied values approach states
that technologies such as drones are not 
morally neutral, but enhance or limit the 
expression of certain human values.



Introduction: Non-epistemic values
‘[A]n epistemic value is one we have reason 
to believe will, if pursued, help toward the 
attainment of… knowledge’.  All other 
values are non-epistemic ones.

Sven Diekmann and Martin Peterson. The role of non-epistemic values in engineering models. Science 
and engineering ethics, 19(1):207–218, 2013.



Introduction: Non-epistemic values
• Examples of non-epistemic values: 
• Ethics
• Safety
• Environmental sustainability
• Equality
• Wellbeing



Methodology: Value sensitive design

1) Conceptual phase: 
Relevant human values 
are identified and an 
ethical analysis can
take place.

2) Empirical phase: 
Social impacts of the 
technology are taken 
into account.

3) Technological phase:
Technical capabilities are 
explored, specifically, those 
which support the chosen 
human values/social impacts.

Graphic by the authors, based on:
Batya Friedman, Peter H Kahn, Alan Borning, and Alina Huldtgren. Value sensitive design and information 
systems. In Early engagement and new technologies: Opening up the laboratory, pages 55–95. Springer, 2013.



Case #1: Humanitarian cargo drone

Still image from WeRobotics video: 
https://www.youtube.com/watch?v=doD71kdeJXM&t=51s

https://www.youtube.com/watch?v=doD71kdeJXM&t=51s


Case #1: Humanitarian cargo drone

Presented at the 2019 International 
Conference on Unmanned Aircraft 
Systems (ICUAS)

Submitted to the Journal of Science 
and Engineering Ethics in 2019



Methodology: Human values relevant 
within technological design

Graphic by the authors, based on:
Batya Friedman, Peter H Kahn, Alan Borning, and Alina Huldtgren. Value sensitive design and information 
systems. In Early engagement and new technologies: Opening up the laboratory, pages 55–95. Springer, 2013.



Retrospective analysis
1) Conceptual phase:

1. Human welfare – physical
2. Human welfare – psychological
3. Human welfare – material 
4. Environmental sustainability 

Analysis of WeRobotics’ mission statement:
”The benefit of all” = Human welfare; Universal 
usability
”Sustainably” = Environmental sustainability; Material
welfare
”Aid” = Human welfare (Physical, Psychological, and
Material welfare)
”Development” = Material welfare
”Environmental efforts” = Environmental Sustainability



Retrospective analysis
2) Empirical phase: 
• Amazon of Peru, flying between the village of Masisea

(12,000) and the city of Pucallpa (200,000)
• Transporting patients to the hospital, typically by charter boat
• The boat trip takes 2-4 hours, and run 1 or 2 times per day 

leading to wait times up to 24 hours
• Adoption of the drone could lead to significant changes in 

healthcare practice (f.x. despite being logistically challenging, 
it is possible that in-person care is better for the patient

• Unemployment rates in Peru are low at 3.7% but local 
employment rates, conditions, and skills would be impacted; 
key to understand what skills exist, and what skills the 
residents wish to develop

• An assessment of the financial impacts to the local economy 
would be beneficial

• Cultural norms and values should be understood and fed into 
the analysis

• The intensification of cargo drone services could have far-
reaching implications regarding infrastructure investments 
such as roads and bridges

https://www.youtube.com/watch?v=doD71kdeJXM


Retrospective analysis
3) Technological phase:
• Event 38 model E384 fixed-wing, electric 

powered mapping drone 
• Manufactured in Akron, Ohio U.S.A.
• Modified to carry medical samples instead 

of a camera
• Wingspan of 190 cm
• Maximum take-off weight of 3.5 kg
• Maximum payload capacity of 0.8 kg 
• Flight range of up to 70 km
• Cruise speed of 47 km/hr
• Cost of 3,000 USD

Graphic from:
WeRobotics. Cargo drones tested in amazon rainforest, 2017, 
URL: https://www.youtube.com/watch?v=doD71kdeJXM, 
accessed 24-02-2019.

https://www.youtube.com/watch?v=doD71kdeJXM
https://www.youtube.com/watch?v=doD71kdeJXM


Results: retrospective analysis
• The desired values are embodied and supported by the drone

• Physical welfare (i.e health) of patients increased due to reduced 
transportation time (max 24 hours to under 1 hour)

• Physical welfare (i.e. safety) of those exposed to the drone not 
substantially reduced since safety risks are low

• Environmental sustainability
• Very small payload and cleaner electrical power system make 

the drone more environmentally sustainable
• Maximum 0.45 kWh energy per round trip VS the river boat  

which uses fossil-fuels and consumes around 40-80 kWh



Results: retrospective analysis
• Main risks - material welfare (i.e. jobs, economics) of some of the 

local population, in particular the river boat operators
• The drone will initiate changes in the workforce
• Possible negative implications with respect to infrastructures 

investments such as the building of roads and bridges



Results - prospective analysis
• [Second iteration of the VSD process]
• Internal combustion engines
• High flight speed (100 km/hr)
• Longer range; low energy consumption

• Redundant engines, actuators, and passive safety features
• Modular components (design for end-of-life)
• Low levels of automation - ELOS flight with multiple safety 

spotters
• Maximize high-quality jobs

• Local design and manufacturing?



Conclusion - contribution
• First known application of the VSD 

methodology to a specific drone platform 
• Demonstration of how drone engineers can 

use VSD to develop ”ethical” technologies



Case #2: Danish healthcare drone

Wingcopter drone
Image: https://geo-matching.com/uas-for-mapping-and-
3d-modelling/wingcopter-178-heavy-lift

FrugalDrone
Image by the authors

•Retrospecitve analysis of Wingcopter drone

•Prospective analysis of FrugalDrone

https://geo-matching.com/uas-for-mapping-and-3d-modelling/wingcopter-178-heavy-lift


Case #2: Danish healthcare drone

Presented at the 2019 IEEE 
International Symposium on 
Technology in Society (ISTAS)

Submitted to the Journal of Science 
and Engineering Ethics in 2020



Methodology: VSD + values hierarchy

Graphic by the authors, building upon the framework in:
Translating Values into Design Requirements (Van De Poel, 2013)



Values hierarchy - drones in public health

Graphic by the authors



Results
• Even “good” drones come with risks

• Prioritization of values/design requirements matters

Wingcopter drone
• VTOL configuration
• 9.9+ kg
• High cost
• High speed
• Potential for misuse
• Less explicable

FrugalDrone
• Fixed wing configuration
• 1.5 kg
• Low cost
• Low speed
• Reduced potential for misuse
• More explicable



Results

Graphic by the authors

• Informed consent: explicability and fairness enhancing 
smartphone app



Future Work

XXX

• Refinement of ethical framework

• Collection of empirical data

• Prototype FrugalDrone



Conclusion

XXX

• VSD Is a robust methodology by which ethics, human values, 
and social impacts can be actively incorporated into 
technology design



Possible next-steps

XXX

• Create research group focused on developing ethical 
technology using VSD methods



Thank you!
dyca@sdu.dk

-Dylan

mailto:dyca@sdu.dk


Questions?


