
Self-Directed Learning (April – August) 
• Goal 1: Foundation in Arduino
• Goal 2: Generate & Share ideas
• Tool: Illias (online learning platform) with Seeduino book

• Learning Journals (Metacognition, Track progress)
• Forum  (Exchange, Troubleshoot, Brainstrom)
• Library (Examples of Sensors in Literature & Web)

Workshop: Format
• Course Layout: 6 cycles of  ”feedback rounds”  linked to 6 Themes
& Design Thinking Steps

Check- points: 
1. Learning Journal entries complete after each self learning module, each day of workshop and after course (also to give 

open-ended feedback)
2. Informal check-in at the start and end of each group workday.
3. Group Feedback at course start, transition to workshop, and end

Lessons from 2 years
• Trade-off between structure and unstructured / input and self-led activity must be integrated.
• Switch from technical learning to creative learning is hard for students.
• Structure design thinking with clear steps, tools, handouts and time limits.
• Stop 15 minutes early for group reflection; the morning and afternoon check-ins are important during open-ended days.
• Be careful that the grade reflects the creative process and the resulting product. 
• Learning Journals are great, but the format could be improved in Ilias (i.e., export function).

Scientific 
Questions

Sensors

Software, 
Libraries

Troubleshoot

Casing, 
Hardware

Data Analysis 
Communicate

Feedback (+)
• Enthusiastic, I would recommend it! 
• Learning journal to track own progress
• Open => creativity (biggest learning!)
• Arduino! Don’t feel intimidated = dive in!
• Group work was nice because we could 

define the roles/ choice of more division 
or equal learning 

• Self-study phase especially good
• Hands-on learning aligned with my 

strengths. 
• Liked starting with a concrete exercise

Feedback (-)
• Dragging at times: too much participant 

initiative, pedagogical methods, and 
discussions

• Too much uncertainty, give us more 
concrete examples

• Tell us more about the learning journal 
and specific goals (i.e. photos, sketches, 
deadlines)

• Solicit less general feedback
• It was hard to solve problems (need lots 

of input)

Ideas for Future (2026)
• Recruit more students – cross listed in 

multiple master programs (perhaps with 
Enlight network? )

• Find students who will use it to prepare 
their master projects 

• Expand summer learning to include 
calculation of storage and energy 
requirements, monitoring power levels, 
adding SD card and writing data to it, 
improving clock function (some of this 
could replace the casing lecture)

• Expand teaching to include 
communicating with LORA

• Add a pressure sensor to our kit
• Add more examples of different date 

stamps and a game to learn to import 
them quickly

• Discuss official rules, permissions, 
equipment labels,  and desiccant to 
casing lecture

• Teach troubleshooting with role playing 
scenarios to figure out

• Bring in the 3D printer (new to us!)
• Have access to more “maker” 

equipment, i.e., craft material
• Have more concrete guidelines for 

manuals and intermediate tasks in class 
to assemble its contents (i.e., diagrams)
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Figure 2: The final sensor setup shows wires connected to A0 and 3V3, which are combined to form the anode, while the wire 
attached to GND serves as the cathode. These electrodes are threaded through the foam padding of the "conductivity pen". 

The Arduino board, powered by a battery, displays the ADC values and time on its onboard OLED screen. 

Initially the idea was to place a small piece of metal between the cathode and anode. However, due to 
the high conductivity of metals, adding water did not significantly alter the measured conductivity. As 
a result, the next approach involved using an insulating material, such as polycarbonate, between the 
electrodes. Unfortunately, this led to the opposite problem: the resistance of the material was so high 
that the presence of water could not reduce it to a measurable level. 

This prompted the realization that a material with intermediate conductivity or resistance was 
needed—one that could better reflect the water content in the sensor's environment. This led to ex-
perimenting with various sponges placed between the electrodes. On the positive side, the sponges 
were highly responsive to changes in their surroundings; for instance, when exposed to wet soil, the 
conductivity between the electrodes increased. However, the sponges remained wet for too long, fail-
ing to accurately reflect the real-time moisture conditions. 

Finally, a foam padding was selected for the sensor. The foam was cut to the size of a pen, but instead 
of positioning electrodes solely on either end of the foam, two wires—serving as the anode and cath-
ode—were threaded through the foam. As shown in Figure 2, the wires are not just embedded within 
the foam but are also exposed on its surface. This configuration allows the electrodes to directly meas-
ure the conductivity of the surrounding medium in contact with the foam, rather than being limited to 
the conductivity of the material in between the electrodes. 

The third step was to create a usable design for the sensor. As introduced in chapter 2 the initial 
vision was to develop a stationary sensor with multiple measurement points at different heights. How-
ever since there was no snowfall to test the sensor in and also very limited time , I opted for a easily 
testable design. As pen sized sensor was created so it could be pushed into soil or snow for further 
testing (figure 2).  

The fourth step involved writing the software for the Arduino board using the Arduino IDE. The 
software is designed to start with powering on the sensor, followed by a 1-minute countdown. After 
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moisture was retained within the sensor, affecting its ability to accurately measure the actual surround-
ing conditions. 

 

Figure 4:This dataset consists of 1,680 measurements recorded at 10-second intervals from soil. Water was first sprinkled on 
the soil surface after 5460 seconds, followed by an additional application after 12,900 seconds, impacting the subsequent 

readings. 

Since real snow was unavailable, crushed ice was used as a substitute to simulate snow. Due to its 
coarse-grained and compacted texture, the crushed ice more closely resembled firn rather than fresh 
snow. The "conductivity pen" was inserted into this "firn," and, similar to the soil tests, the ADC values 
dropped immediately. Interestingly, the values continued to decrease until around 6000 seconds into 
the measurement, when all the ice had melted, submerging the sensor in pure water. Afterward, the 
ADC values began to gradually rise but unexpectedly dropped again when the sensor was removed 
from the water. This drop is unique to the snow simulation and did not occur in the soil tests. As in the 
experiment shown in Figure 3 and 4, the values slowly increased once the pen was exposed to air, but 
they never fully returned to 1023 since the sensor was not blow-dried after the test.

 

Figure 5: This dataset comprises 841 measurements taken at 10-second intervals from a bucket filled with crushed ice. No 
additional water was introduced; instead, the measurements capture the natural melting process of the ice over time. 
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