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GitHub Repository as Handbook, Jupyter Notebook as Report:
A Format Redesign for the Electrical Engineering II Lab

1. Introduction

Laboratory courses play a critical role in electrical engineering education by bridging theoretical
concepts and hands-on experience [1]. In our institution, the Electrical Engineering II (EE II)
laboratory is a core course taken by both Electrical Engineering and Computer Engineering students
in the Fall semester of the second year of the curriculum. The laboratory reinforces Laplace-based
modeling, transfer functions, frequency domain, and system response analysis through hands-on
experimentation.

Based on prior instructional experience, several limitations of the traditional laboratory format were
identified:

* Limited instructional scaffolding in traditional handbooks: Word- or PDF-based lab-
oratory handbooks typically present experiments as long, linear documents with limited
structural hierarchy. For multi-hour laboratories, this format makes it difficult for students to
decompose complex experiments into manageable subtasks.

* Limited support for embedded code in traditional handbooks: Word- or PDF-based
formats provide limited support for embedding executable code. In our laboratory that relies
on Python and Arduino, code formatting issues frequently arise when students copy example
code from handbooks. These issues include broken indentation, unintended line wrapping,
loss of syntax highlighting, and difficulty in code reuse.

* Limited exposure to Python-based scientific computing tools: Although all students have
learned Python in their first year, this experience focuses on general programming concepts
rather than EE-specific scientific computations. For simple examples, students still rely on
calculators to compute transfer-function poles or system gains in decibels (dB). This reliance
delays the skill development for upper-level courses in signal processing and control systems.

* Limited exposure to experimental data analysis workflows: Data analysis skills have
become an increasingly important emphasis in undergraduate education [2, 3]. However,
across the overall program curriculum, students often lack experience working with real,
structured experimental data [4], including data preprocessing, visualization, and analysis
within an engineering context.

To address these limitations, we redesigned the EE II laboratory using the following format:

* GitHub-repository—based laboratory handbook:
— Host all laboratory materials in a GitHub repository written in Markdown, replacing
static Word- or PDF-based handbooks;
— Organize laboratories into weekly folders with modular task files and clearly listed
report items;
— Implement a checkpoint-based workflow to structure multi-hour laboratory sessions;
— Embed syntax-highlighted Python and Arduino code, mathematical expressions, inter-



nal links, highlighted callouts and experimental videos directly within the handbook.
* Jupyter Notebook-based laboratory reports:

— Use Jupyter Notebook as the platform for student reports, integrating documentation,
scientific computation, and data analysis;

— Document laboratory work using Markdown format that align with the GitHub-based
handbook format;

— Apply Python scientific computing libraries, including NumPy and SciPy;

— Incorporate experimental data analysis workflows using Pandas and Matplotlib.

This paper describes in detail the redesign and implementation of the new laboratory format.
Section 2 provides an overview of the Electrical Engineering II laboratory. Section 3 describes
the design of the GitHub-repository—based laboratory handbook. Section 4 presents the Jupyter
Notebook—based laboratory reports. Finally, Section 5 discusses assessment of the redesigned
laboratory format.

The lab handbook is available online at: https://github.com/BotYue/ELE-292-Lab-SU.
2. Laboratory overview

At our institution, the Electrical Engineering II (EE II) lecture course is a corequisite for the EE II
laboratory. Both the lecture and laboratory courses are scheduled in the Fall semester of the second
year of the curriculum.

The lab is currently offered in multiple sections, with each section capped at 24 students. Each
laboratory section is scheduled for a three-hour weekly session. The laboratory is staffed by one
faculty instructor and one teaching assistant, both of whom are present in person during each
session.

The development of this laboratory course followed changes made to the main lecture course, which
had already been restructured using Jupyter Notebooks and published as a textbook [5].

The core experimental equipment (see Figure 1) used in the lab includes the Digilent Analog
Discovery 2 and the Adafruit ItsyBitsy Arduino board, along with additional instructor-designed
hardware modules. Students are required to bring their own laptops to interface with the Analog
Discovery and Arduino board in order to complete lab tasks.


https://github.com/BotYue/ELE-292-Lab-SU
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Figure 1: A workbench setup used in the EE II lab. The Digilent Analog Discovery 2 and the
Adafruit ItsyBitsy Arduino board are two core components.

An overview of the weekly laboratory topics and activities from the most recent semester is

summarized in Table 1.

Table 1: Weekly laboratory topics

Lab # Lab title Short description

Lab 0 Software Installation Installation of the Digilent WaveForms, Arduino IDE

Lab 1 Basic Lab Skills Report writing in Jupyter Notebook; Analog Discov-
ery — Wavegen and Oscilloscope

Lab 2 Impulse Response First-order circuit impulse response.

Lab 3 Step Response First-order circuit step response.

Lab 4 Arduino | ItsyBitsy Arduino PWM and analog I/O.

Lab 5 Arduino 11 ItsyBitsy Arduino analog I/0.

Lab 6 Thermal System First-order thermal system step response; Analog Dis-
covery — Logger.

Lab 7 Sine and Bode Sinusoidal response and Bode plot; Analog Discovery
— Network analyzer.

Lab 8 Filter Design Op-amp active filter; Analog Discovery — FFT.

Lab9 Pendulum I Second-order physical system impulse response; Ar-
duino serial output

Lab 10 Pendulum II Second-order physical system state-space model; Ar-

duino serial output




3. GitHub-repository-based laboratory handbook design

3.1. Repository structure and task organization

The handbook is organized as a GitHub repository, with each week’s laboratory materials contained
in a separate folder. Inside each folder, the laboratory is decomposed into two to four Markdown
files that describe the required lab tasks, along with an additional README file that specifies report
requirements and grading rubrics. Within GitHub’s web view, this structure is clearly visible

through the left-side file-tree panel.

The Markdown files within a given folder collectively define the activities to be completed during a
three-hour laboratory session. Each Markdown file is further structured using hierarchical headers
to break tasks into smaller units such as “Task 2.1, “Task 2.2” shown in Figure 2. Headers such
as “Report Item 2-a” explicitly indicate the required elements that students must include in their
lab reports. GitHub’s right-side outline panel of the web view allows students to quickly navigate
among small tasks and report items within each file.
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Figure 2: Example GitHub-hosted lab handbook. The left-side file-tree panel shows the repository
Within the selected “Lab 3 Step Response” folder, 3
Markdown task files define the required laboratory activities, along with a README file. The right-

structure for a 10-week lab sequence.
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3.2. Checkpoint-based laboratory implementation

The laboratory is implemented using a checkpoint-based workflow, typically consisting of two
required checkpoints during a three-hour laboratory session. These checkpoints are designed to
mark student progress and provide clear intermediate milestones during in-lab activities.

Checkpoints are embedded directly within the Markdown task files, using clearly labeled format
(e.g., “Checkpoint 1 — Expected Result”) that explicitly define the required outcomes. During the
laboratory session, the instructor or teaching assistant verifies completion of each checkpoint and
ticks progress on a check-sheet.

Completion of the second checkpoint does not indicate completion of the entire laboratory. Instead,
the second checkpoint typically marks the successful completion of the hardware-related portion
of the experiment. Additional tasks such as theoretical calculation and result analysis remain to be
completed in the students’ individual lab reports.

This two-checkpoint structure provides timely formative feedback and reduces the risk of students
needing to redo substantial portions of the laboratory work during the session.

3.3. GitHub-flavored Markdown instructional features

The Markdown format on GitHub [6] offers multiple instructional advantages over static documents
such as Word or PDF.

Copyable syntax-highlighted code blocks. Markdown supports embedding syntax-highlighted
code blocks. In this lab, Python and Arduino are the primary programming languages, with limited
use of Java when setting the Digilent WaveForms Wavegen. Syntax-highlighted code blocks help
students understand code and allow them to easily copy and modify the provided example code
for their own work. Language-specific fencing (python for Python, c for Arduino) in Markdown
enables such syntax highlighting .

Mathematical expressions. Markdown supports LaTeX-based mathematical expressions, allowing
analytical equations to be embedded within the laboratory handbook. Students can switch to the
Code view (next to the Preview) on GitHub to view the raw Markdown and learn how to type
mathematical expressions.
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* Arduino G is the Ground Pin
* Arduino PWM: pick any PWM pin indicated in the previous introduction

# Task 1.2 Arduino Code

The Arduino coding of ItsyBitsy is a little different from classic AVR Arduino (such as Uno, Nano). When dealing with PWM in ItsyBitsy, we do
not use pinMode(..., ... )

Here is the code to drive your LED in full brightness. It is super simple!

= 10; [

void loop() {
analoghrite (PWMPin, 255);
¥

Upload the code to Arduino. Observe the LED.
Then adjust analogWrite(PWMPin, 255); to analogWrite(PWMPin, 127); . Upload again, Observe the LED
Then adjust analogWrite(PWMPin, 255); to analogWrite(PWMPin, 63); . Upload again, Observe the LED.

Q Tip

Double check your Tools-Board and Tools-Port settings before uploading

# Task 1.3 Measure Pin Voltage
Now, use your Analog Discovery's Scope to measure the voltage of the Arduino PWM Pin. For example, if use Channel 1 on Scope:

« Connect Analog Discovery's 1+ Pin to Arduino's PWM Pin

* Connect Analog Discovert's 1- Pin to Arduino’s G Pin

Figure 3: Example Markdown shows syntax-highlighted Arduino code and GitHub’s blockquote
callout (the green “Tip”).

Internal links for revisiting prior content. Markdown supports internal linking between files
and sections within the GitHub repository. For example, when students conduct time-constant
measurements in the second laboratory, an internal link directs them back to the first laboratory
file where the concept is initially introduced. This allows students to quickly revisit prior content,
supporting just-in-time review and reinforcing conceptual continuity across laboratory sessions.

Built-in blockquote callouts for highlighting. GitHub-flavored Markdown supports visually
emphasized blockquote callouts that are used to highlight important information in laboratory
tasks. There are five GitHub-supported callout types: “Note” (blue), “Tip” (green), “Important”
(purple), “Warning” (brown), and “Caution” (red).

Embedded short videos. GitHub-flavored Markdown supports embedding short video clips
(typically less than 10 MB) directly within the laboratory handbook. Instructors use these embedded
videos to demonstrate key experimental procedures and simple hardware interactions that may be
difficult to convey through static images or text alone. Videos are embedded by drag-and-drop
upload into Markdown files. This feature was introduced in a GitHub platform update in 2021 [7].
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Step 2: Tap your pendulum
Now, tap the end of the pendulum to make it swing. This can be treated as an impulse input A8(¢) with some unknown amplitude 4

* Make sure your pendulum is steady in the downward position before tapping.

* Make your pendulum'’s first swing angle reach about 40 Degrees.

* Clear the Serial Monitor about 2-5 seconds before tapping. This helps you capture some initial-time data without recording an
unnecessarily long time.

* After the pendulum comes to rest (no longer moving), quickly unplug the USB cable to stop the Serial Monitor recording.
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Figure 4: A 8-second experimental video embedded in the GitHub-hosted handbook.

4. Jupyter Notebook-based laboratory reports
4.1. Jupyter Notebook platform

Jupyter Notebook is a widely used interactive programming platform that supports executable
code, documentation, and visualization. It has been adopted across various engineering education
disciplines, including electrical engineering [8, 9].

At our institution, Jupyter Notebook is used both in this laboratory and in the corresponding
Electrical Engineering II lecture course. For this laboratory, students use the Jupyter Notebook
to complete their laboratory reports. The Jupyter Notebook platform enables students to import,
analyze, and visualize saved experimental data directly within their reports, as well as seamlessly
integrate lab result logging and scientific computation all together.

Students are advised to use Jupyter Lab [10] launched through the Anaconda distribution [11].
Jupyter Lab provides a better development environment than the classic Jupyter Notebook web
interface. In particular, Jupyter Lab has a file browser that simplifies folder navigation and makes
it easier to import experimental data files such as .csv.

Occasionally, students may encounter difficulties installing Anaconda or may be temporarily unable



to use their personal laptops. To ensure accessibility, students will be guided to use Google Colab
as an alternative platform. Google Colab provides the same core functionalities as Jupyter Lab and
runs entirely within a web browser. Such setting allows students to complete lab reports even with
university computers.

An excerpt from an example Jupyter Notebook laboratory report is shown in Figure 5, presenting the
integration of documentation, scientific computation, as well as data processing and visualization.
Details are introduced in the next three subsections.

Lab X Report: Sine Signals (Example)
Student name: ...; Group member name: ...

Lab completed on: ......

Report Item 1-a

Scope measurement
Pericd 1995 ms

Amplitude  1.304V

Report Item 1-b

import numpy as np

onega, "rad/s")

Report Item 1-c

import pandas as pd
import matplotlib.pyplot as plt

file path = *default.csv'
lab_signal_data = pd.read_csv(file path, sep=",', comment="#', skip_blank_lines=True)

plt.figure(figsize=(8, 3))

plt.plet(lab signal datal'Time (s)'], lab signal datal'Channel 1 (V)'1)
plt.xlabel('Time (s)')

plt.ylabel('Voltage (V)')

plt.title('sine Response of the Assigned Circuit')

plt.grid(True)

Sine Response of the Assigned Circuit

Voltage (V)
o
o

—0.004 —0.002 0.000 0.002 0.004
Time (s)

Figure 5: Excerpt from an example Jupyter Notebook laboratory report. Scope measurements are
recorded in a Markdown table in Report Item 1-a. Python computations are performed in Report
Item 1-b. Data import and visualization are in Report Item 1-c.

4.2. Documentation using Markdown

In each Jupyter Notebook, students use Markdown cells to document experimental details, including
experimental setup, measured results, analytical procedures, and written conclusions. The use
of Markdown within the Jupyter Notebook closely aligns with the Markdown-based laboratory
handbook introduced earlier in the paper, resulting in a reduced learning curve of formatting for



students.

For example, our GitHub handbook often provides pre-formatted Markdown tables for logging
experimental results with placeholder entries. Students can change to the Code view (next to the
Preview) on GitHub, copy the corresponding raw Markdown script, and paste it directly into their
Jupyter Notebook. They then complete the table by entering their measured data. In such way,
students are not required to learn Markdown table syntax from the beginning, reducing formatting
overhead in documentation.

In addition to text and tables, Jupyter Notebook also allows students to insert images. Com-
mon examples in this lab include screenshots of oscilloscope signals captured from the Digilent
WaveForms software and photographs of hardware setups.

4.3. Scientific computation

Students apply Python-based scientific computing libraries within the Jupyter Notebook environ-
ment to perform laboratory analysis. This approach provides students with a better understanding
of how computational tools are applied in electrical engineering practice than a standalone pro-
gramming course [12].

Please note that the corresponding lecture course also introduces these Python functions, typically a
couple of weeks prior to this laboratory. This laboratory provides students with additional practice
and reinforcement.

NumPy [13] is used for general numerical computation, such as:

* np.exp commonly used in first-order system analysis;

* np.sin, np.cos, np.pi commonly used in sinusoidal signal;

* np.deg2rad, np.rad2deg, np.abs, np.angle commonly used in phasor analysis;
* np.sqrt commonly used in second-order system analysis;

* np.logl® commonly used in computing gain in decibels (dB);

* and more.

SciPy [14] is used for advanced analysis tasks. Particularly, students use the following functions
from the scipy.signal module:

* signal.lti/signal.TransferFunction for defining linear time-invariant system mod-
els;

* signal.impulse for simulating impulse responses;

* signal.step for simulating step responses;

* signal.lsim for simulating customized responses;

* signal.bode for obtaining Bode;

* and more.



4.4. Data processing, visualization, and analysis

Data science concepts are integrated into the laboratory workflow through the use of Pandas [15]
and Matplotlib [16] in the Jupyter Notebook platform.

Experimental data in this lab primarily consist of time-series signals obtained from two sources:
oscilloscope measurements exported from the Digilent WaveForms software and analog output data
acquired via Arduino Serial Monitor. These data are inherently tabular, making them well suited
for processing using Pandas. Students are instructed to use Pandas to import the data, perform
basic preprocessing, and prepare signals for subsequent visualization.

Once the data are prepared, Matplotlib is used to visualize measured signals in the Jupyter Notebook.
In many laboratories, students are asked overlay the analytically predicted signal and measured
signal in the same figure to enable direct comparison.

In addition, we also introduce the Matplotlib’s interactive measurement tool. This can be realized
using matplotlib.pyplot.ginput and tkinter backend GUI in Jupyter Lab, or using plotly in
Google Colab. With this tool, students can use interactive cursors to inspect simple signal features,
such as peak values, directly from plotted figure.

Together, these activities promote structured data processing, effective visualization, and repro-
ducible analysis [17] while remaining tightly coupled to the electrical engineering concepts.

5. Assessment

This assessment study was reviewed by the Syracuse University IRB and determined exempt (IRB
#26-098).

5.1. Student survey

During the Fall 2025 semester, this lab course was offered in 3 class sections, with a total enroll-
ment of 64 students. An anonymous end-of-semester survey was conducted to gather students’
perceptions on our new design. The survey was administered using university’s Watermark Course
Evaluations & Surveys system. A total of 41 students completed the survey, as a response rate of
64.1%.

Overall, the survey results indicate a strong positive student perception of the redesigned labora-
tory format. Students reported high confidence in using scientific Python tools in an electrical
engineering context (Q1, mean = 4.68), suggesting that the integrated GitHub—Jupyter workflow
effectively supported skill development. A large majority of students also rated the GitHub-based
laboratory handbook as better than traditional paper- or PDF-based manuals (Q2, mean = 4.44).
In addition, students strongly supported continuing the checkpoint-based laboratory workflow in
future semesters (Q3, mean = 4.71), reflecting the perceived value of structured progress check-
points. These survey results provide evidence that the redesigned laboratory format improved
student laboratory experience.



Table 2: Student responses to survey questions. Responses were collected from 41 students at the
end the Fall 2025 semester. Responses use a 5-point scale with numerical weights from 1 to 5.
Percentages of responses are reported. Mean values, medians, and standard deviations (STD) are
calculated based on the assigned 5-point weights.

Q1. After this lab, I feel confident using scientific-Python tools (such as NumPy, Pandas,
Matplotlib, SciPy) in the field of Electrical Engineering.

) Somewhat Somewhat
Disagree (1) disagree (2) Neutral (3) agree (4) Agree (5)
0% 0% 0% 31.7% 66.3%

Statistics: Mean = 4.68, Median = 5, STD = 0.47

Q2. Compared with the traditional paper- or PDF-based lab manual, my overall learning
experience with the GitHub-based lab manual is:

Slightly About the Slightly
Worse (1) worse (2) same (3) better (4) Better (5)
0% 2.4% 12.2% 24.4% 61.0%

Statistics: Mean = 4.44, Median = 5, STD = 0.80

Q3. I recommend continuing the checkpoint-based laboratory workflow in future
semesters.

; Somewhat Somewhat
Disagree (1) disagree (2) Neutral (3) agree (4) Agree (5)
0% 0% 0% 29.3% 70.7%

Statistics: Mean = 4.71, Median = 5, STD = 0.46

5.2. Handbook repository access metric

Quantitative data were collected from the handbook GitHub repository to characterize student
access to the laboratory handbook. Access metric was obtained from GitHub’s Insights analytics,
which provide rolling 14-day summaries of repository traffic, including unique visitors. These
analytics are viewable only to the repository owner.



50
Lab day (Tue)

B Lab day (Thu)

@ Lab day (Fri)
40 4

'Y

w
o
L

'Y

Unique visitors

N
o
L

104

T
S L R
N o & @ & \3 o N § & & S \3
RN PR RSN PN R RO P N
o) A ok ,]9 4,0 ” Q NG > Q & N \\Q Q
X X, & x. X O(’ KY 3 3 3 )
& [SIC o” LR NS ® D

Figure 6: Daily unique visitors of the handbook GitHub repository over a representative two-week
period. Lab days: Tuesday (18 students), Thursday (23 students), and Friday (23 students).

To examine typical usage patterns during regular instruction, we selected time windows between
Oct. 26 and Nov. 8, 2025 for analysis. The laboratory was offered in three sections meeting on
Tuesday, Thursday, and Friday, with enrollments of 18, 23, and 23 students, respectively. As shown
in Figure 6, daily unique visitor counts exhibit clear increases on scheduled laboratory days. Such
a pattern suggests that a substantial number of students accessed the GitHub-hosted laboratory
materials during scheduled lab sessions.

While repository engagement metrics do not directly measure learning outcomes, these data provide
complementary evidence that the GitHub-based laboratory handbook supported sustained student
engagement with laboratory materials throughout the instructional period.

6. Conclusion and discussion

This paper presented a redesign of the Electrical Engineering II laboratory format that replaces
traditional Word- or PDF-based laboratory manuals with a GitHub-repository—based handbook and
adopts Jupyter Notebook as the platform for laboratory reporting. The redesign was motivated by
several observed limitations of the traditional format, including limited instructional scaffolding,
poor integration of executable code in handbooks, insufficient exposure to scientific computing
tools, and insufficient exposure to experimental data analysis workflows.

The redesigned laboratory format transforms the handbook from a static document into a modular
instructional resource. The handbook, written in GitHub-flavored Markdown, features hierarchi-
cal task organization, checkpoint-based workflows, embedded syntax-highlighted code, internal
links, highlighted callouts, and short instructional videos that better support multi-hour laboratory
sessions. The Jupyter Notebook reporting integrates documentation, scientific computation, and
experimental data analysis. Student survey responses and repository access metric provide positive
supporting evidence for the redesigned format.



One suggestion for implementing this format is to maintain an offline backup of the handbook
materials to ensure continued access in the rare event of a GitHub service outage. In our experience,
during one Tuesday laboratory section on November 18, 2025, GitHub experienced a temporary
platform-wide service outage [18]. As a contingency, the laboratory materials were converted from
Markdown to PDF format and distributed to students through the university’s learning management
system.
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