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School STEAM Learning Activity Design
Design and making of dye-sensitized titanium

dioxide solar cell (Secondary Two )

Church of Christ in China Mong Man Wai College

Design Principles

This STEAM activity introduces S2 students to the concept and construction of a dye-sensitized
titanium dioxide solar cell (DSSC). The activity integrates science, technology, and
mathematics through hands-on experimentation and inquiry-based learning. Students use
blueberry dye as a natural photosensitizer and titanium dioxide (TiO) as a semiconductor to
build a functional solar cell. The process involves coating glass slides with TiO-, dyeing them
with blueberry extract, assembling the cell with graphite-coated glass, and testing its electrical
output under varying light conditions.

Learning Objectives

By the end of the lessons, students will be able to:

e describe the basic structure of a cell.
e state the key application of a solar panel.
e show the relationship between light intensity and the resulting solar cell voltage.

57



Equipment and Materials

Materials

e FTO (Fluorine-doped Tin Oxide) glass slides — conductive glass surface for both
electrodes

Titanium dioxide (TiO-) paste — semiconductor layer

Blueberries — natural dye source (anthocyanin)

Water — to dilute blueberry paste

lodide/triiodide (1-/157) electrolyte solution — for electron transport
Graphite (pencil lead) — conductive layer on counter electrode
Scotch tape — to mask part of the glass during TiO: coating

Paper towels — for drying

Plastic bag — for crushing blueberries

Binder clips — to hold the glass slides together

Rubber eraser — for cleaning graphite

Beaker or cup — for rinsing

Squirt bottle — for rinsing glass

Alligator clips and digital multimeter — for testing voltage output

Apparatus

Tweezers or paper card — for handling glass slides

Plastic pipette — for applying TiO- paste and electrolyte
Hotplate — for drying and curing the TiO- layer

Ruler — for measuring distance in light intensity experiments
Light source — for testing solar cell performance



Framework for Inquiry and Problem-solving

According to the framework of inquiry and problem-solving proposed by the school-based
support service (Please refer to the introduction), there are four levels of problem-solving based
on the degree of openness of the problem-solving activity. The table below shows the
respective level of problem-solving of the STEAM activity:

Problem Solution Result
identification

Confirmatory ‘/ ‘/ ‘/

Problem-solving

Structural ‘/ ‘/

Problem-solving

Teacher introduces | Teacher guides Students discuss
solar energy as a students to how solar cells
kind of renewable | construct dye- may be used in
energy and the sensitized titanium | different aspects to
concept of organic | dioxide solar cell tackle the
solar cell. (DSSC) through challenges from
hands-on global
experiment. warming.

Students measure Students reflect on
voltage under their understanding
different lighting and performance
conditions and through self-
investigate the assessment.
relationship
between light
intensity and
voltage output.

Guided Problem-
solving ‘/

Open-ended
problem-solving
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Application of Knowledge and Skills Across Different Subjects / Key

Learning Areas

The table below lists the knowledge and skills that students need to learn and apply across
different subjects / Key Learning Areas in this STEAM activity:

Subjects / Key Learning Areas

Knowledge and Skills

Integrated Science

o Interdisciplinary Application: Connecting concepts
from biology (photosynthesis), chemistry (electrolytes
and dyes), and physics (electricity and circuits).

0 Problem Solving: Identifying real-world problems
(e.g., energy sustainability) and proposing scientific
solutions through hands-on experimentation

o Scientific Communication: Discussing findings,
reflecting on learning goals, and presenting results
clearly
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Collaborations between STEAM domains, Engineering Design Process and Learning Areas

Learning Areas : Integrated Science

warming as societal

renewable energy
adoption

benefits and

Defining the problem | Researching Designing Model-building | Testing Analysis and Optimizing
evaluation
Science Understanding solar Investigating how | Applying Building the Observing how Interpreting Suggesting
energy as a renewable chlorophyll and knowledge of DSSC using light affects results to alternative dyes or
resource and the role of | blueberry dye energy conversion | TiO, blueberry electron understand the materials to
plant pigments in energy | absorb light and to design the dye, and graphite | movement and effectiveness of improve light
conversion excite electrons DSSC structure to simulate current the dye and TiO. | absorption
energy generation (Fig. layer
conversion (Fig. | 4,5, 6)
1,2,3)
Technology | Identifying the need for | Studying the Assembling Using digital Assessing the
sustainable electricity properties of TiO: components into | multimeters and | efficiency of the
generation using solar asa a working circuit | clips to test the DSSC setup and
cells semiconductor with electrolyte DSSC'’s electrical | identifying
and graphite as a solution output technical
conductor limitations
Engineering | Framing the challenge of | Reviewing Constructing the | Evaluating the Reviewing design | Modifying cell
designing a functional existing solar cell layered cell structural choices and their | structure or
DSSC using accessible | designs and structure and integrity and impact on voltage | assembly
materials comparing silicon ensuring proper functionality of output. techniques to
vs. organic cells alignment and the assembled increase voltage
sealing cell
Arts and Exploring environmental | Considering the Reflecting on the
Humanities | protection and global global context of environmental
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issues motivating the
project

challenges of solar
technology.

Mathematics

Recording
voltage readings
and plotting
graphs to analyze
performance

Analyzing data
trends and
drawing
conclusions from
plotted graphs.

Using data to
refine
experimental
setups and predict
outcomes
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Fig. 2. Rinse off the excess blueberry pieces and
paste with a squirt bottle of water

Fig. 3. Assembling the two sides of glass of
DSSC

Fig. 4. Connect the DSSC to the electricity meter
to test whether it can generate voltage under light
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Fig. 5. Measure the distance between the lamp
and the solar cell

Fig. 6. Record voltages generated by DSSC under
the lamp at different distances

*Scan the QR code to access the learning and teaching resources for this activity:

https://steamsdl.eduhk.hk/resources/#166-

362-%¢e4%hb8%ad%e8%8f%af%e5%9f%ba%e7%9d%a3%e6%95%99%e6%9c%83%e8%92

%99%¢e6%b0%91%e5%81%89%e6%9b%hb8%e9%99%a2
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School STEAM Learning Activity Design
Our SMART School (Secondary Two )

St Mary’s Canossian College

Design Principles

This STEAM activity integrates Science, Information Communication and Technology (ICT)
and Visual Arts for Secondary 2 students, themed on “Our SMART School”. Through group
discussions, model-building, presentation and the engineering design process, students would
develop hands-on crafting skills, collaboration skills, self-directed learning, creative problem-
solving and raise their awareness of environmental conservation and sense of belonging to
the school.

Learning Objectives

By the end of the lessons, students will be able to:

Science
Understand how different factors affect conduction, convection and radiation.
Learn the different applications of conduction, convection and radiation in daily life.

Tell the ways to conserve energy in our daily life.
State the concerns about the use of fossil fuels.
State the advantages and disadvantages of using alternative energy sources.

ok~ w e

Visual Arts
1. Recall and redefine the origins and meanings of architectures.

2. By watching the episode, curiosity and boldness in questioning established beliefs of
classrooms are developed.

3. Based on the chosen topic among the six kinds of classrooms, each team explore
possibilities while they navigating through limitations of the choice (for example,
safety).

4.  Use basic materials and simple geometric pop-up forms to explore positive and negative
space in a pop-up craft, 4 pop-up techniques practices.

5. Get to know some stories behind some prominent functional interior designs that present
as the outcomes of collective creative works and an aggregate of day-to-day life and
(school) cultural memories.

ICT

1. Select the components for the App Inventor.
2. Understand basic syntax in App Inventor.
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Use variables and simple arithmetic operations.

Develop simple programs to solve problems.

Introduce the connection between the seeing of computer and in the real life.

Recognize the matching of sensors and their corresponding computer vision applications.
Develop simple setups in connection with sensors and controlling different output devices
such as LED.

Noohkow

Equipment and Materials
Sensors, App inventor, 10T, materials for model-making
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Framework for Inquiry and Problem-solving

According to the framework of inquiry and problem-solving proposed by the school-based
support service (Please refer to the introduction), there are four levels of problem-solving
based on the degree of openness of the problem-solving activity. The table below shows the
respective level of problem-solving of the STEAM activity:

Problem identification

Solution

Result

Confirmatory
Problem-
solving

v

v

v

Structural
Problem-
solving

Guided
Problem-
solving

Open-ended
problem-
solving

v

v

Teacher guides
students to design
“Our SMART
School”

v

Students identify the
problems of a selected area
in school.

Using the concept of heat
transfer and energy
conservation, teacher guides
students to discuss in group

to think of possible
solutions.

Students draw and write up
their design and build
models for presentation.

Students develop simple
program and setups in
connection with sensors to
solve problems.

Student refine the ideas
and models based on
the feedback from their
peers
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Application of Knowledge and Skills Across Different Subjects / Key

Learning Areas

The table below lists the knowledge and skills that students need to learn and apply across
different subjects / Key Learning Areas in this STEAM activity:

Subjects / Key Learning Areas

Knowledge and Skills

Science

Heat transfer and generation of electricity,
energy conservation, advantages and
disadvantages of using alternative energy
sources

Information Communication and Technology
(ICT)

App Inventor, basic syntax in App Inventor,
use variables and simple arithmetic operations,
simple programming, use of sensors, 10T
application

Visual Arts

Origins and meanings of architectures, design
and craft techniques for model-building,
pop-up craft
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Collaborations between STEAM domains, Engineering Design Process and Learning Areas

Learning Areas : Science ~ ICT and Visual Arts

Defining the problem

Researching

Designing

Model-building

Testing

Analysis and
evaluation

Optimizing

Science

Teacher guides students
to develop models of
“Our SMART School”

Teacher
introduces the
concept of heat
transfer and
generation of
electricity.

Teacher discusses
with students how
different factors
affect conduction,
convection and
radiation and its
application

Teacher discusses
with students on
the advantages
and disadvantages
of using
alternative energy
sources

Teachers guides
students to
identify the
problem of the
selected room

Students describe
and explain how
they would solve
the problems
(Figures 1 and 2)
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Technology

Students select the
components for
the app and
understand basic
syntax in App
Inventor.

Students use
variables and
simple arithmetic
operations, to
develop simple
programs to solve
problems.

Teacher
introduces
different sensors
and loT
application.

Engineering

Students
assemble and
build up the
model of SMART
school (assigned
area (Figure 3)

Students present
and share their
ideas and
solutions (Figure
4)

Students have
self-evaluation
and peer
evaluation on the
model

Students make
modifications
based on the
finding suggested
by their classmates

(revisit of the
improve-and-
evaluate loop in
the engineering
design cycle)
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Arts and
Humanities

Recall and
redefine the
origins and
meanings of
architectures

Students use basic
materials and
simple geometric
pop-up forms to
explore positive
and negative
space in a pop-up
craft
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Figure 3. Student Product of Stadium

Figure 4. Student Product of Gym Room
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*Scan the QR code to access the learning and teaching resources for this activity:

https://steamsd|.eduhk.hk/resources/#166-
364-%e5%98%89%e8%ab%be%e6%92%92%e8%81%96%e7%91%aa%e5%88%a9%e6%
9b%b8%e9%99%a2
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School STEAM Learning Activity Design

Theme: Comparative Experiment on Plant Nutrient Solutions and
Planting Methods (Secondary 4)

Homantin Government Secondary School

Design Principles

This activity, themed “Comparative Experiment on Plant Nutrient Solutions and Planting
Methods,” is designed for Secondary 4 students. Students will investigate two planting
methods: hydroponics and aeroponics, and compare the effects of different nutrient solution
concentrations on the growth of various plants (lettuce, corn, cherry tomato, pak choi
seedlings, mint, and pea). The process emphasizes fair testing, control of variables, data
collection and analysis, and teamwork, aiming to enhance students’ scientific inquiry and
integrated STEAM abilities.

Learning Objectives

Understand the impact of different planting methods (e.g., hydroponics, aeroponics)
on plant growth

Investigate how nutrient solution concentration affects plant growth

Learn methods for fair testing and variable control

Collect, organize, and analyze experimental data

Develop scientific inquiry, problem-solving, and teamwork skills

Materials and Equipment

Planting containers (suitable for hydroponics or aeroponics)

Nutrient solutions in different concentrations

Seeds or seedlings of lettuce, corn, cherry tomato, pak choi, mint, and pea
Water pumps and misting devices

Growth medium (soil or other suitable materials)

Electronic scales, measuring cups, record sheets

micro:bit or other sensors (if needed)
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Experimental Setup

Amount of Hydroponics Box No. Aeroponics Box No.

Nutrient

Solution

1 portion of Group 1: Lettuce | la Group 2: Lettuce | 1b

nutrients

2 portions of Group 1: Lettuce | 2a Group 2: Lettuce | 2b

nutrients

1 portion of Group 3: Corn 3a Group 4: Corn 3b

nutrients

2 portions of Group 3: Corn 4a Group 4: Corn 4b

nutrients

1 portion of Group 5: Cherry | 5a Group 6: Cherry | 5b

nutrients Tomato Tomato

2 portions of Group 5: Cherry | 6a Group 6: Cherry | 6b

nutrients Tomato Tomato

No nutrients Group 7: Pak 7a Group 7: Pak 7b
Choi Choi

1 portion of Group 8: Pak 8a Group 8: Pak 8b

nutrients Choi Choi

1 portion of Group 9: Mint %9a Group 9: Mint 9b

nutrients

1 portion of Group 10: Pea 10a Group 10: Pea 10b

nutrients

Experimental Procedures

Group Task Description Plant

1 Hydroponics: Compare the effect of different | Lettuce
nutrient solution portions on plant growth

2 Aeroponics: Compare the effect of different | Lettuce
nutrient solution portions on plant growth

3 Hydroponics: Compare the effect of different | Corn
nutrient solution portions on plant growth

4 Aeroponics: Compare the effect of different | Corn
nutrient solution portions on plant growth

5 Hydroponics: Compare the effect of different | Cherry Tomato
nutrient solution portions on plant growth

6 Aeroponics: Compare the effect of different | Cherry Tomato
nutrient solution portions on plant growth

7 Nutrient-sufficient environment: Compare Pak Choi
plant growth between hydroponics and
aeroponics

8 Nutrient-sufficient environment: Compare Pak Choi

plant growth between hydroponics and
aeroponics
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9 Nutrient-sufficient environment: Compare
plant growth between hydroponics and
aeroponics

Mint

10 Nutrient-sufficient environment: Compare
plant growth between hydroponics and
aeroponics

Mint

Framework for Inquiry and Problem-solving

According to the framework of inquiry and problem-solving proposed by the school-based
support service (Please refer to the introduction), there are four levels of problem-solving

based on the degree of openness of the problem-solving activity. The table below shows the

respective level of problem-solving of the STEAM activity:

Solving

Teacher guidance:
Introduction to
hydroponics and
aeroponics, theory and
background on how
nutrient solution
concentration affects
plant growth. Guiding
students to think: Why
do plants need
different
concentrations of
nutrient solution?
What are the
differences between
hydroponics and
aeroponics?

Students conduct
experiments in groups
according to
instructions: Allocate
seeds/seedlings
according to different
nutrient concentrations
and planting methods,
record the growth
situation regularly, and
learn fair testing,
variable control, and
data recording.

Problem Solution Outcome
Identification
Verification v v v
Problem-Solving
Ordered Problem- | v
Solving
[Guided Problem-~ |

Students organize and
analyze experimental
data to understand
how different
conditions affect plant
growth, and predict
and discuss how to
optimize planting
methods.

Open-ended
Problem-Solving

Application of Interdisciplinary Knowledge and Skills

Subject/Area

Knowledge and Skills

Biology

observation and record-keeping

Plant growth conditions, variable control, fair testing,

Technology Education

Device design, sensor data collection (if applicable)
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Mathematics

Data organization and analysis, creating statistical charts
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Collaborations between STEAM domains, Engineering Design Process and Learning Areas

Learning Areas : Biology, Technology Education, Mathematics

Define Research Design Build Model Test Analyze & Improve
Problem Solution Review
Science Study and Gather Design fair Grow and observe Record plant | Analyze Propose
compare the information, test process | plants(Fig 1&2) height, mass, | yields with optimization
effects of about plants etc. reference to recommendations
different growth
nutrient conditions in
concentrations different
and planting groups
methods on
plant growth
Tech Ed. Choose and Test device Check data improve devices
use electronic operation accuracy or methods
recording
tools
Engineering How to design Draw design | Assemble Test
a more stable sketches hydroponic/aeroponic | structural
and convenient device (Fig 1&2) function
planting device
Humanities & Design Display and
Arts presentations peer review
or
infographics
Mathematics Design data Statistics and | Interpret and
record graphing discuss data
sheets,
analysis
methods
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Images and Teaching Resources

Figure 1: Support team assembling hydroponic and | Figure 2: After about a month, plants are growing
aeroponic devices for the school vigorously
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1 Scientific illiteracy

2 Nominal scientific literacy

3 Functional scientific literacy

4 Conceptual and procedural scientific
literacy

5 Multidimensional scientific literacy
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Level 4 - Multidimensional literacy
Extends beyond the concepts and procedures of the
disciplines to include its history, nature and philosophy, role

of in society, etc.

Level 3 - Conceptual and procedural literacy
Relate information and experiences to the major conceptual
schemes and procedural abilities in the discipline (e.g.

scientific inquiry process, engineering design process)

Level 2 - Functional literacy
Use discipline-specific words to describe a concept. but

confined to a limited context

Level 1 - Nominal literacy
Recognize discipline-specific vocabulary or concepts but

with a low level of understanding

Level 0 - Literacy not required

No need for discipline-specific vocabulary or concepts
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