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School-based STEM learning activity design
Ying Wah Girls’ School

I Theme: Photosynthesis and Light

Level of study: Secondary One I

I_Rationale of study |

This Secondary One STEM project has 5 lessons. The theme
“Photosynthesis and light” is selected to link up three
subjects, including Integrated Science, Computer Literacy
and Mathematics. The project provides fruitful learning
experience to students which enables them to apply
cross-subject knowledge, develop collaborative learning
skills and experiment skills.

Context of study

) Photosynthesis is an important process by which green plants make food for

* themselves. In the process, carbon dioxide and water are changed into oxygen
and glucose in the presence of light and chlorophyll. This STEM project explores
which coloured light is most efficient for a green plant.




Subject integration I

This STEM activity integrates 3 subjects, including Integrated Science, Computer
Literacy and Mathematics. Relevant subject knowledge and skills are listed in the

table below. The details of the teaching schedule and strategies adopted will be
illustrated in the subsequent section.

Computer Literacy
* Micro:bit coding and
connection of parts

Teaching content
(Application of
knowledge and skills)

e o
- q -
*cace”

Integrated Science Mathematics

+ Plant and photosynthesis

- Impact of coloured light on
the rate of photosynthesis

- Draw line graph
- Calculate the average rate of
gas formation

Equipment and materials |

Micro:bit LED strips

Hydrilla Pipette
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School-based STEM learning activity design

Intended learning outcomes of
‘ STEM education |

(by STEM domains, Bloom’s Cognitive Levels and
engineering design process)

Planning and
designing \

Technology

@ cConduct coding
with Micro:bit to
control the
coloured light

Defining the provided by the
problem LED strips

Science Engineering
@ !dentify which @ oraw .the Producing
coloured light is experimental set
most efficient for :p byrutsmg ;:Ze Engineering
photosynthesis in pparatus a :
reen plants materials @ Affixthe LED
& P provided strips onto the
beaker
@ Describe the
orocess of @ Connectthe LED
photosynthesis strips to the @ Use of pipette to
Micro:bit to test if collect oxygen
® stote the the coding works and measure its
amount
conditions to
trigger @® Assemble the
photosynthesis .
Category experimental set
up
R Remember
U Understand
Ap Apply
An  Analyse
E Evaluate Subject:
C Create Bl Integrated Science [JJComputer Literacy [IMathematics
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@

Testing and
evaluating

Mathematics

(1) Plotthe line
graph of volume
of gas collected
against time

Determine the
average rate of
gas formation

Optimizing

I

Engineering

5)

Reflecting
on learning

Suggest possible
sources of error
for the

experiment

Suggest ways of Science
improvement of @ Reflect on the
the set-up scientific inquiry

process

I 21st Century skills

Collaborative learning skills
Presentation skills
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School-based STEM learning activity design

Teaching schedule and strategies

The school adopts co-teaching to facilitate cross-subject teaching and
learning. Through lesson previews at home, designing and conducting
experiment, students are able to develop self-directed learning skills, inquiry
skills in science, and collaborative learning. The teaching schedule and
strategies used are as follows:

Introduction - stimulating interest of learning

- Teachers introduce the concept of photosynthesis and its
importance to plants

Defining the problem

+ Teachers introduce the upcoming STEM project
- Discusses with students how to compare the rate of
photosynthesis when different coloured light are used
- Teacher asks the students to complete the variable table

Designing the experiment

- Teachers provide hints for
students to design the
experimental set-up

- Teachers give explanations
on the experimental set-up

- Students draw a set-up
diagram using the apparatus
and materials provided

141
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Ying Wah Girls' School

@ Setting up the experimental design

+ Students conduct coding with Micro:bit to control the
coloured light provided by the LED strips

- Students affix the LED strips to the Micro:bit to test if the
coding works

6 Assemble of experimental set-up

+ Teachers guide students
how to assemble the
experimental set-up and
offers technical support

@ Conducting experiment

- Different group use - Students take the initial
different coloured light to reading of the liquid level
explore its effect on the rate and mark the starting
of photosynthesis time on their worksheets

+ Teachers take photos from time to time to keep track of
the changes of the liquid level
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School-based STEM learning activity design

Result and data treatment

- Based on the photos,
students are required to
complete the result table
on the worksheet

+ Students plot the graph of
volume of gas collected
against time

- Students determine from the graph the average rate of gas
formation in the first 24 hours

+ Students collect the results from other groups working with
different coloured light

Testing and refining

+ Teachers provide questions for further thought
- Students think about the possible sources of errors for the
experiment and suggest ways of improvement
- Students comment on whether it is a good idea to use
coloured glass window to get the most efficient light for
green plants in green house

Evaluating and reflecting on learning

- Students reflect on the scientific inquiry process '
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Ying Wah Girls' School

Outcome examples

Scan the QR Code for more information
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School-based STEM learning activity design
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School-based STEM learning activity design
Christian and Missionary Alliance Sun Kei
Secondary School

I Theme:UV-Vis Spectrophotometer
application in analytical chemistry
for authentic samples
investigation

Level of study: Secondary Four I

|_Rationale of study
—

This Secondary Four STEM project has 3 double period sessions.

The theme “UV-Vis Spectrophotometer application” is selected

to link up two subjects, including Chemistry and Physics. The

project provides fruitful learning experience to students which

enables them to apply crosssubject knowledge, develop

collaborative learning skills and experiment skills.

Students would be able to:

-+ Conduct an experiment to determine the concentration of a sample solution using
standard UV-Vis Spectrophotometer

+ Enhance their circuit design and coding skills with the portable UV-Vis

Spectrophotometer device which is modified by EdUHK support team with add-on
components and Arduino

Context of study

The lesson design encourages students to apply science, technology, and
engineering knowledge in society and the environment. Such as:

- To apply the basic principles deployed in the instrumental analytical
methods, viz. colorimetry and visible spectrometry

- To measure the absorbance of several solutions of known concentration using
colorimetric method (Nitrite), and plot a calibration curve with the data
obtained from the standards solution.

- To apply the theory of electromagnetic spectrum in the design and making of
a portable UV-Vis Spectrophotometer device and test its accuracy.

- To discuss the role of analytical chemistry in daily life.




Subject integration I

This STEM activity integrates 2 subjects, including Chemistry and Physics. Relevant
subject knowledge and skills are listed in the table below. The details of the
teaching schedule and strategies adopted will be illustrated in the subsequent
section.

Chemistry

+ Volumetric analysis

Physics
- Lightin
electromagnetic

Teaching content
(Application of

* Principles and
applications of

+ Refraction of light

colorimetry “ knowledge and skills) /. Arduino coding and
- Principles and . /; .
' . connection of parts
applications of . !

 Portable device

visible spectrometry designing

e -®
LI

{

Pipette Volumetric flask ~ Water samples ~ SEN-15050-Traid
Spectroscopy

UV-Vis Spectro- Arduino-UNO Sample holder
photometer

Rubber bands Auto-pipette Black box Colorimetric-dye
for Nitrite Analysis
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engineering design process)

IT1tended learning outcomes of
STEM education

(by STEM domains, Bloom’s Cognitive Levels and

— 1

Defining the
problem

Subject:

Chemistry

Physics

Category

R
U
Ap
An
E
C

Remember
Understand
Apply
Analyse
Evaluate

Create

Science

o

(U

Understand the
concept of
concentration

Understand the
concept of
colorimetry - the
relationship
between colour
intensity and
concentration

Understand the
concept of visible
spectrometry

Technology

e

Apply common
laboratory
techniques for
quantitative
analysis

('} Understand the

range of
wavelengths for
visible light

Understand the
relative positions
of visible light and
other parts of the
electromagnetic
spectrum

Describe wave
motion in terms of
wavelength




Planning and
designing

Science

@ Deploy the
instrumental
analytical
methods, such as
colorimetry, and
visible
spectrometry

Technology

() Use Arduino and
spectroscopy
sensor

() Use the theory of
refraction in the
portable UV-Vis
Spectrophotome-
ter device

Engineering

@ Design a portable
UV-Vis Spectro-
photometer
device

Engineering

S

A

Assemble the
experimental set

up

Construct the
portable UV-Vis
Spectrophotome-
ter device

Producing

[rrosars

Testing and
evaluating

Science
@ Measure the

absorbance of
several solutions
of known
concentration
using colorimetric
method (Nitrite)

Mathematics
(0 Apply the Beer’s

Law to calculate
the absorbance
from
concentration of
solution and
analytical
wavelength

Determine the

concentration of
a solution using
calibration curve

@ Analyze data

from experiment
and draw
evidencebased
conclusions
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I Optimizing \

Engineering

@ Suggest possible
sources of error
for the

experiment

Reflecting
on learning

Science

(@ Reflect the
importance of
colorimetric
experiments in
analytical
chemistry

Suggest ways of
improvement of
the device

Subject:

B cChemistry

[ Physics

Category

R Remember
U Understand
Ap Apply
An  Analyse
E Evaluate
C Create
151
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learning skills
* Presentation skills

21st
Century skills




L Sy s
I_'I'eaching schedule and strategies |

The school adopts co-teaching to facilitate cross-subject teaching and I
learning. Through conducting experiment, students are able to develop

inquiry skills, self-directed learning and collaborative learning. The teaching
schedule and strategies used are as follows:

Introduction - stimulating interest of learning

Defining the problem

Designing the experiment/device
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School-based STEM learning activity design

Designing the experiment/device

In Physics lesson, students need to design a portable UV-Vis
Spectrophotometer device with Arduino coding and
connection of parts, which enables them to:

- Understand the mechanism of UV-Vis Spectrophotometer
with the theories of wave motion and application of
refraction

+ Learn coding with Arduino to control the SEN-15050
SparkFun Triad Spectroscopy Sensor

+ Design the portable black box for the experiment

- Learn how to transform the data to absorbance with Beer’s
Law

Conducting experiment/Constructing device

In Chemistry lesson, students are required to:

+ Conduct the colour measurement by using standard UV-Vis
Spectrophotometer at a wavelength of about 543 nm in
school Lab

+ Draw the calibration curve by plotting the measured
absorbances against the concentration, in mg/ml, of the
standard solutions.

* Repeat the measurement from the absorbance of the
samples and determine the concentration of nitrite in the
samples

In Physics lesson:

- Construct the portable UV-Vis
Spectrophotometer device with the
“Black box”
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Testing and evaluating

Reflecting on learning
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School-based STEM learning activity design

Outcome examples I

th tabe pe
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Scan the QR Code for more information
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Christian and Missionary Alliance Sun Kei
Secondary School
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Christian and Missionary Alliance Sun Kei
Secondary School

Teacher’'sfeedback

Our school is committed to bringing STEAM education to all students. Here, students
build a solid foundation in Science, Technology, Engineering, and Mathematics. Through
this cross-curriculum project, Physics and Chemistry students are encouraged to develop
digital intelligence, logical thinking, creativity as well as collaboration skills and to put the
spirit of science into practice when they explore STEAM education. In the first part of the
project, Physics students can construct DIY UV-Vis Spectrometers, which is a crucial
Engineering part for providing an alternative low-cost apparatus. Students are taught to
use Engineering Design Process (EDP) so as to modify the prototype. In the second part of
the project. Chemistry students conduct Instrumental analysis, which is part of the
elective “analytical chemistry” in NSS Chemistry curriculum.

My co-workers and | are really pleased to have a chance to implement such an extended
learning activity to enhance the effectiveness of teaching. When we implemented
the project, we encountered some difficulties. Due to COVID-19 pandemic, students had
fewer chances than before to practice laboratory skills, such as using pipette and volumetric
flasks, which is an indispensable part in carrying out all the dilutions in the current activity.
Besides, for Form 4 students, the concept of absorption of light, absorbance, etc, is abstract
and challenging for them. With a view to easing this problem, a simplified experiment of using
the App ‘ChemEye’ was carried out to let students familiarize themselves with colorimetry.

From the responses of students, they agree that this experiment is worth doing as it
consolidates the concepts they need to learn with a great experience. They express their
excitementin learning sample treatment and preparation and techniques in quantitative
analysis. preparation and techniques in quantitative analysis.
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