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Overview

Overview

e This educative curriculum material package was designed and developed by secondary school biology
educators in Hong Kong to enhance the teaching and learning of scientific inquiry skills in secondary
biology classrooms.

Aims of the Package

e To provide teachers with ideas for designing and implementing effective investigative practical work
related to biology that effectively enhances students’ scientific inquiry skills.

e To share classroom-proven, robust and reliable laboratory protocols and instructional materials.

Organisation of the Package

e This educative curriculum material package consists of three major components: (1) Background
Information; (2) Investigative Practical Work; (3) Concluding Remarks.

The Background Information section provides an overview of the package and a succinct description
of the research that underpins the investigative practical work.

Each of the nine sets of Investigative Practical Work adheres to the following common structure:
(1) Introduction

e This section includes a brief description of the investigative practical work, including the
scientific inquiry skills it targets, a suggested teaching plan, the key features of the
investigation and important notes related to the investigation when applicable.

(2) Instructional materials

e This section includes student worksheets, teacher notes, laboratory manuals and student work
samples. Both Chinese and English versions are included when applicable.

(3) Supplementary resources

e This section provides ideas for possible adaptations and modifications of the investigative
practical work activities. Technician notes are also included. Major references and further
resources related to the investigation are also listed.

The Concluding Remarks section synthesises the design principles and implementation strategies for
investigative practical work in biology and provides a list of resources.

How to Use this Package

Readers are encouraged to read the Background Information section before using any of the sets of
investigative practical work, as well as refer to the Concluding Remarks section.

For each set of investigative practical work, teachers are advised to first read the Introduction section
to familiarise themselves with the scientific inquiry skills, the suggested teaching and learning
sequence, and the key features of the investigation.

Teachers should also read the Notes for Teachers boxes, which include reminders and tips for
classroom implementation.
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Background Information

Background of the Package

e According to the Science Education Key Learning Area Curriculum Guide (Primary 1-Secondary 6)
2017, it is essential for students to gain personal experience of science through hands-on practical
work activities, as science subjects are practical subjects (Curriculum Development Council, 2017).

e Practical work refers to “any teaching and learning activity which at some point involves the students
in observing or manipulating the objects and materials they are studying” (Millar, 2004, p. 2).

e Generally speaking, practical work aims to help students:
= develop their knowledge and understanding of scientific ideas and concepts (i.e., scientific
understanding)
= Jearn how to use scientific apparatuses and follow procedures (i.e., practical skills)
» understand the scientific approach to inquiry (i.e., scientific inquiry skills, e.g., designing
experiments, analysing data).

e One important task for teachers is to help students make connections between what they are doing or
observing (i.e., the domain of observables) and the “thinking behind the doing” (i.e., the domain of
ideas) to ensure that practical work activities are not only “hands-on” but also “minds-on” (Abrahams
& Millar, 2008).
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Scientific investigation (or called investigative practical work) is an example of practical work in
which students find answers to a scientific question. They often collect data and construct
claims/explanations based on this data to answer the scientific question.

The process of a scientific investigation comprises the following stages: (1) preparing for the
investigation; (2) planning and designing the investigation; (3) carrying out the investigation; (4)
analysing, interpreting, evaluating and explaining data (Pedaste et al., 2015; Ronnebeck et al., 2016).

Although the process of scientific investigation is delineated into stages above, it should be
emphasised that the actual process is non-linear, dynamic, and iterative rather than strictly following a
linear sequence (UC Museum of Paleontology Understanding Science, 2024). The delineation into
stages is intended to facilitate teachers’ planning on how to implement scientific investigations.

Students need not only practical skills but also scientific understanding and scientific inquiry skills to
engage in scientific investigations successfully.

When teachers engage students in investigative practical work activity, an important task for teachers
is to help students think about scientific inquiry skills (e.g., procedural understanding, understanding
about the nature of science and process of scientific inquiry) in all the stages.

Readers are encouraged to explore the references cited above to gain a deeper understanding of the
research foundation concerning the effective design and implementation of scientific investigations.

References

Abrahams, 1., & Millar, R. (2008). Does practical work really work? A study of the effectiveness of practical
work as a teaching and learning method in school science. International Journal of Science Education,
30(14), 1945—-1969.
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empirical research on scientific inquiry activities. Studies in Science Education, 52(2), 161—-197.

Pedaste, M., Méeots, M., Siiman, L. A., De Jong, T., Van Riesen, S. A., Kamp, E. T., ... & Tsourlidaki, E. (2015).
Phases of inquiry-based learning: Definitions and the inquiry cycle. Educational Research Review, 14,
47-61.

UC Museum of Paleontology Understanding Science. (2024) The Understanding Science Flowchart.
https://undsci.berkeley.edu/the-understanding-science-flowchart-text-description/
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o The table below lists some scientific inquiry skills required for Stages 1, 2 and 4.

Preparing for, planning and designing investigations

1. Ask scientific questions.

2. Use the appropriate design for a given scientific question (e.g., experimental, field-based, fair testing,

classifying, pattern-seeking).

Formulate the hypothesis for testing.

Elaborate how the predicted results do/do not support the hypothesis.

Identify issues related to the sampling method(s) and sample size.

Suggest and explain ways to reduce sampling errors and average out the effect of variations within a

sample.

7. Identify the independent variable(s) and dependent variable(s) in the investigation and connect the

variables to manipulation/method(s) of measurement.

Identify multiple independent variables and dependent variables.

Identify important control variables and explain why they are important to control.

10. Explain the limitations related to the manipulation/measurement method(s)/ instrument(s) for the
variable(s).

11. Discuss the strengths and limitations of the alternative measurement method(s).

12. Explain why multiple control set-ups are needed.

13. Explain why some procedures can reduce measurement errors.

14. Identify the significant assumptions of the design.

15. Explain why a specific step is conducted and its impact on the validity and reliability of the
experimental design.

16. Evaluate the overall validity and reliability of the experimental design.

17. Discuss the limitations and strengths of the alternative designs.

18. Apply biology principles to the experimental designs.

S

i

Analysing, interpreting, evaluating and explaining data

1. Record qualitative data using clear descriptions and record quantitative data properly.

2. Construct and use appropriate representations (e.g., tables, graphs and/or diagrams) to organise and
display data.

3. Apply basic statistical concepts (e.g., range, variance, standard deviation, error bar) to compare and
explain datasets.

4. Identify anomalous data and suggest possible explanations or ways to confirm if the data are anomalous.

5. Interpret the results in the control(s) to evaluate the success of the experiment or the influence of the
experimental manipulation.

6. Describe and explain the relationships/trends and patterns in both simple and more complex datasets

(e.g., with multiple variables) using scientific ideas and principles to relate to the investigative problem.

Evaluate whether the hypothesis is supported, refuted or remains undetermined according to the data.

Discuss alternative hypotheses.

Construct and evaluate evidence-based claims/explanations.

Explain the impact of measurement error on the validity and reliability of the data or conclusions.

Suggest and explain valid improvements or further data collection to address the limitations of the

experimental design in relation to the investigative problem.

12. Make informed decisions about the problem using valid reasoning.

13. Discuss how to modify or extend the investigation to answer a new investigation question.

14. Discuss the generalisability of the results and conclusions.

15. Evaluate the overall validity and reliability of the methods and how they influence the validity and
reliability of the data/evidence.

16. Assess the appropriateness and adequacy of the experimental design based on the data.

— = \O 0

e Although students primarily use their practical skills in Stage 3, they may also need some of the
scientific inquiry skills described above during this stage, particularly if they need to modify or
troubleshoot the procedures.

e Teachers are encouraged to be intentional and purposeful in teaching and assessing the above
scientific inquiry skills in secondary school biology classes.
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Overview of All Investigations

In the nine sets of investigative practical work, students gain hands-on experience, experience science

as a process and develop a deeper understanding of scientific understanding and inquiry skills.
Some suggestions for guiding questions/student worksheets are included to help teachers focus on

teaching and assessing the scientific inquiry skills related to each investigation:

Investigation Related topics in Scientific inquiry skills addressed
the curriculum Designing investigations Data analysis and
interpretation

© Microscale Amylase Enzyme 8,9,17,18 1,4,11,12
Investigation

® Yeast Bead Invertase Enzyme 5,6,7,16 4,6,11,13
Investigation

© Yecast Bead Catalase Enzyme 10, 14, 15 2,6
Investigation

O Banana Ripening Nutrition in humans 3,4, 17 7,11
Investigation

© Lipase Inhibitor Enzyme, Nutrition 7,11,12 2,13, 14
Investigation in humans

@ Photosynthesis Photosynthesis 6,7,11,18 1,2,3,9,10, 11
Inhibitor Investigation

@ Cat Grass Investigation Photosynthesis 9,12, 13 9,13, 14

O Yeast Respirometer Respiration 7,14, 17 12,13, 16
Investigation

© Brine Shrimp Applied ecology 1,2,12, 13,17 1,5,9
Investigation

e Teachers are strongly encouraged to adapt and modify these resources as necessary. They should
exercise their professional judgement about which scientific inquiry skills to include in the lessons
based on the interests and abilities of their students.

e Teachers should not introduce these scientific inquiry skills as content or authoritative statements to
memorise. Rather, they should focus on helping students develop the ability to apply these skills in
various contexts.

Risk Assessment

e Most practical activities presented in this package are microscale experiments. One benefit is that the
risk has been reduced by using smaller quantities of chemicals.

e However, teachers should perform a risk assessment in line with safety guidelines.

e Teachers should also rehearse the procedures before carrying out any of these practical activities.

e  Whenever necessary, students should wear laboratory coats, safety gloves and goggles when
conducting the practical work.

Investigations
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Microscale Amylase Investigation

Overview

e The Microscale Amylase Investigation is a decision-making task in which students use data to determine
the type of amylase that should be used for dishwashing and washing clothes.

Students are given the opportunity to design and carry out an experiment in which they work with
multivariate data to discern trends and patterns.

e Students assess their data sets to identify any anomalous data.

Teaching Plan & Key Features

Prerequisite knowledge (scientific ideas)
e The action of amylase on starch

Prerequisite manipulative skills
e Using an autopipette to transfer a small volume of solution

Lesson Lesson sequence Duration Resources
(mins)

Stage ) Preparing for the investigation
e The investigation is set in a decision-making context (Decision-making Task).
e It is situated in an authentic context related to the daily-life application of enzymes (Contextualisation).

1 e  The teacher discusses the investigation context with 40 Worksheet 1
students.
e The teacher distributes Worksheet 1.

Stage ) Designing the investigation
e Students use a template to design their own experimental set-ups (/nvestigation Planning Template).
e Students have the chance to evaluate their own and their peers’ experimental set-ups (Self & Peer Evaluation).

2 e  The teacher provides feedback on students’ experimental 40 Student Samples 1
designs in Worksheet 1.
3 e  The teacher discusses with the students some questions 40 Teacher Notes 1

related to the experimental design.
e The teacher provides students with laboratory manual for
preparation at home.

Stage © Carrying out the investigation

. Students use microscale instrumentation that reduces the time of the experiments (Microscale
Instrumentation).

. Students collect more complex data sets by setting up replicates (Complex Data Set).

° Students collect data using a template (Data Collection Sheet).

4 e  The teacher asks questions to help students connect their 40 Laboratory
lab experience and related ideas/scientific inquiry skills. manual
e Students carry out the investigation.

Stage () Explaining and evaluating data

. Students assess the quality of the data collected, including the presence of anomalous data.
° Students use the data to guide their decision as to which type of amylase to use for specific applications.
Before e  Students complete data reporting and analysis at home. Teacher Notes 2
Lesson 5 e  The teacher collects and marks student responses.
5 e  The teacher provides feedback on students’ performance 40 Teacher Notes 2

related to data reporting and analysis.
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Important Notes

e Students are not required to explain why the three types of enzymes show different temperature
profiles. Rather, they are expected to use the data to determine the differential effect of temperature on
the three types of amylases.

e Students should avoid direct skin contact with enzyme solutions.
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Instructional Materials

Stage @ Preparing for the investigation

Student Worksheet 1

Notes for teachers

e Teachers can distribute Worksheet 1 and instruct students to design the
investigation.

e Student work can be collected.

e Alternatively, this task can also be done as a take-home assignment.

Task 1
e Read the following information and source materials in the data file.
e Answer the questions that follow.

Scenario

Amylase is an enzyme that catalyses the breakdown of starch into maltose. It is used in many industrial
applications such as the production of detergents.

Andrew found three brands of amylase (Amylase X, Amylase Y, and Amylase Z) in the laboratory. His
biology teacher asked him for advice on which brands of amylase can be used and which brand is the
most efficient (i.e., that with the highest enzyme activity) for the following purposes:

Description
Dishwashing e  Washing at 70-80°C in the dishwasher
Washing clothes e  Washing at 25-30°C in the washing machine

His teacher also asked him to check whether the three brands of amylase remain active when stored on
ice.

To achieve the aim, Andrew would like to investigate the effect of temperature on the enzymatic
activities of the three types of amylase. He found the following materials and apparatuses in the

laboratory:
Amylase X solution Ice bath Glucose test strips
Amylase Y solution Water bath (80°C) Glucose solution
Amylase Z solution Boiling water bath (>100°C) DCPIP solution
Distilled water Timer Starch solution
Spotting plates Test tubes Todine solution
Beakers Thermometers Potato

Hint: 1t is not necessary to use all the materials listed.

Some materials not relevant to the investigation
are given such that students need to decide
which materials are suitable.

You will use your biological knowledge of enzymes and how to design valid and reliable experiments
to complete this investigation.
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(a) Complete the following investigation planning template:

Independent variable(s) Dependent variable(s) Control variables
aV]s]) DVIsDh (Anything else that likely affects
(What is/are the IV[s]? How (What is/are the DV[s]? the DV[s]? Why are these
to change and manipulate the | What parameter to measure? | variables important to control?)
IV[s]?) How to measure the DV[s]?)
Controls Precautionary steps Other considerations
(Do you need a control? (Steps to be taken to ensure
Why?) that the data collected are
valid.)
This Investigation Planning Template
provides students with scaffolds to design
experiments.
| |

(b) Use an annotated diagram (a labelled diagram with short explanatory notes) to explain how you
would use the materials and apparatuses to achieve the aim.
Notes: Your diagram should include the following:
¢ independent variable(s)
how you will manipulate the independent variable(s)
the dependent variable(s)
how you will measure the dependent variable(s)
at least two important control variables, with a brief explanation of why controlling for these
variables is important
e any design decisions to ensure that the data collected are accurate and reliable

(©) Briefly explain how you will manipulate and analyse the data to identify the effects of
temperature on the enzymatic activities of the three types of amylase.
(You can use diagrams and/or written descriptions to express your ideas.)

Students are allowed to
use alternative ways

other than words to
express their design
decisions.

ﬁ Scan the QR code to get a copy of the Google Form.
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Student Samples 1 (Worksheet 1
/ Notes for teachers \

e Teachers can select student drawings (anonymised) for discussion.

e For example, Sample 1 can be used to stimulate a discussion on the number of
independent variables being investigated and the appropriate method to
measure the dependent variable.

e Students may be asked to further revise Sample 2. Concepts such as the
importance of precautionary steps and the limitation of the instrument used

\ (i.e., beaker) can be discussed. /

Sample 1

Possible questions
e With reference to the aim of the investigation, answer the following questions:
(1 How many independent variables are being studied? Why do you think so?
2) (a) What method do you propose to measure the dependent variable?
(b) Will you choose to use this method to measure the dependent variable? Why
do you think so?

. J
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Sample 2

Possible question
e Evaluate the experimental design. How would you improve the design? What are the
reasons for your suggested improvements?
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Stage ® Designing the investigation

Teacher Notes 1

4 )

Notes for teachers

e After receiving feedback on their experimental designs, the following shows
questions that teachers may use to guide students in thinking about or assessing
the scientific inquiry skills related to their experimental designs.

e Some student work samples are shown below to illustrate possible student

\ thinking to some questions.

J

Task 2

Possible questions
1. Andrew is discussing with his peers David and Vincent to brainstorm variables related to the
investigation. The variables are as follows:

A. Volume of starch B. Brand of amylase C. Size of the test  D. Size of the
solution tube spotting plate
E. Temperature F.  Volume of water G. Amylase activity H. Concentration of
in the water bath the amylase
solution

(Use the letters corresponding to the answers for (a), (b), and (c) (1).)

(a) Which variable(s) should Andrew change in this investigation?
(b) Which variable(s) should Andrew measure in this investigation?
(©) 9] Which variable(s) are important to be controlled in this investigation?
2) Explain why one of the variables you chose in (¢) (1) must be controlled?
2. David advises Andrew to transfer the reaction mixtures for the iodine test every 1 minute instead
of every 2 minutes.
(a) Identify one strength of David’s proposed modification.
(b) Vincent expressed concerns about the possibility of errors when liquid is repeatedly
collected from the reaction mixtures using a dropper. Explain why this may cause errors.
3. Andrew observes that when he adds the reaction mixtures collected at 1 minute (i.e., =1 min)
from all three brands of amylase to the iodine solution, the solution remains brown.
(a) How can he modify the procedure to determine which brand of amylase is more active at
room temperature?
(b) Explain your answer in (3) (a) based on your biological knowledge of enzymes.

[ Notes for teachers \

e Q.1 assesses students’ understanding of variables, particularly to identify
multiple variables and to identify and explain important control variables.
e .2 assesses students’ ability to discuss the limitations and strengths of
alternative designs.
e (.3 assesses students’ ability to apply biological principles to improve the
\ validity of the experimental design. /
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The following are examples of students’ responses to Q.2(a):

Sample 1

Sample 2

Sample 3

About the samples

e The samples show varying sophistication in terms of identifying the strength of the
alternative design.

e Sample 1 simply mentioned the term accuracy while Samples 2 and 3 related to the
idea of time intervals. Sample 3 further connected to the idea of data pattern.

The following are some examples of students’ responses to Q.2(b):

Sample 1
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/ About the sample \

e The sample identified the effect of removing different volumes of solution from
the reaction mixtures using a dropper, which is an imprecise instrument.
e Some more ideas should be discussed:
*  The volume of reaction mixture withdrawn from the test tubes would be
different (because of the use of a dropper by squeezing the bulb using
different amounts of force).
= Repeatedly collecting liquid from the tubes using a dropper can introduce
variability in the changes in volume across the test tubes.
*  More frequent collection of liquid from the tubes using a dropper may lead
k to a higher variability in the changes in volume across the test tubes. /

The following are some examples of students’ responses to Q.3:

Sample 1
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Sample 2

Sample 3

4 )

About the samples

e The correct modifications were identified in all the three samples. However, the
modification suggested in Sample 1 is not related to biological knowledge
about the enzyme.

e In Samples 2 and 3, biological knowledge (i.e., the effect of increasing substrate
concentration or decreasing enzyme concentration on enzyme activity) was
used to explain the modifications.

J
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Stage ® Carrying out the investigation

Laboratory Manual

/ Notes for teachers \

e Teachers can distribute the manual for students to read and
prepare before the investigation. o

e Teachers can ask questions to check if students fully u h.;:l:; [
understand the procedures and the precautions (e.g., the Lo
reasons for incubating the samples to reach the desired -
temperature).

e The Supplementary Resource section contains the list of
materials.

e Teachers can remind students to take photos of the spotting
plate and submit the photos.

K e Scan the QR code to view the process of the experiment. /

Task 3
= Read the following procedures to carry out the investigation.

Safety reminders

o Be aware of the hot water in the water bath.

o Be aware of the pressure built up in the dropper bottle.
o Avoid direct skin contact with enzyme solutions.

Procedure

1. Place the glass vials containing the starch solution and the 2-mL tube containing three types of
amylase solution in the ice bath for at least 5 minutes.

2. Place the glass vials containing the starch solution and the three types of amylase solution in the 80°C
water bath for at least 5 minutes.

Reminder: Place the glass vials on the rack.

Room temperature

1. Add one drop of iodine solution to each well of the spotting plate.

2. Add 2 mL of 0.5% starch solution to each labelled dropper bottle using an autopipette.

3. Add 1 mL of 0.05% amylase solutions X, Y, and Z to each labelled dropper bottle using an
autopipette.

4. Gently swirl the dropper bottle to mix the solution well.

5. After 0, 5, 10, 15, and 20 minutes, add one drop of reaction mixture from each dropper bottle.

Reminder: There is no need to use the caps of the dropper bottles because a smaller cap can be used to
close the dropping bottles.

On ice

1. Add one drop of iodine solution to each well of the spotting plate.

2. Add 2 mL of 0.5% starch solution (at 0°C) to each labelled dropper bottle using an autopipette.

3. Add 1 mL of 0.05% amylase solutions X, Y, and Z (at 0°C) to each labelled dropper bottle using an
autopipette.

Gently swirl the dropper bottle to mix the solution well.

After 0, 5, 10, 15, and 20 minutes, add one drop of reaction mixture from each dropper bottle.

ok
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At 80C

1. Place the dropper bottle rack in the water bath.

2. Add one drop of iodine solution to each well of the spotting plate.

3. Add 2 mL of 0.5% starch solution to each labelled dropper bottle using an autopipette.

4. Add 1 mL of 0.05% amylase solutions X, Y, and Z to each labelled dropper bottle using an
autopipette.

Gently swirl the dropper bottle to mix the solution well.

After time 0, 5, 10, 15, and 20 minutes, add one drop of reaction mixture from each dropper bottle.

/ Notes for teachers \
e Two of the enzymes (Y and Z) are heat-resistant enzymes.

e Remind the technician to adjust the relative concentration of the enzyme
and starch as different brands of enzymes have different activities.

e A milk warmer can be used as a mini water bath. If each group has one
mini water bath, students can stay at their own bench when carrying out
the experiment.

e Squeeze dropper bottles are commonly used in
microscale activities. Teachers may replace the
dropper bottles with vials and plastic droppers. See
Owen (2019) for an example.

e Laminated data collection sheets are also commonly
used in microscale activities.

K e Scan the QR code for copy of the Data Collection

oW

Sheet.

The Data Collection Sheet
provides guidance for
students to collect data.
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Stage @ Explaining and evaluating data

Teacher Notes 2

4 )

\_ thinking to some questions. )

Notes for teachers

e The following are some possible questions that teachers can use to guide
students in identifying or assessing their scientific inquiry skills related to data
analysis and interpretation.

e Some student work samples are shown below to illustrate possible student

Task 4

Possible questions

1.

2.

98]

Take a photograph of the spotting plates.

Anomalous data (i.e. outliers [experimental data that do not fit within a pattern]) may be obtained
in experiments.

Do your data show anomality? Why do you think so?

(1) Based on your results, which enzyme brand(s) can you use for the following purposes?

2) Which enzyme brand is the most efficient (i.e., that with the highest enzyme activity)
when used for the following purposes?

3) Explain your answers.

(1) Enzyme (2) Most
brand(s) that efficient (3) Explanation
can be used enzyme brand

Dishwashing

Washing
clothes

4 )

. J

You noticed the differences in the sizes of the droplets (i.e. the reaction mixtures) taken from the
reaction mixtures at different time points.

(a) Explain why this can affect the experimental results.

(b) Suggest and explain one way of reducing this error.

Notes for teachers

o Q.2 assesses students’ ability to identify anomalous data within their own data
set.

e (.3 assesses students’ ability to use their data to inform decision-making.
e (.4 assesses students’ ability to explain the impact of errors common among
students in this experiment and explain ways to mitigate the errors.
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The following are some examples of students’ responses to Q.2, Q.3 and Q.4:

Anomalous data present in the dataset but not
identified in the response below.

Sample 1

Sample 2
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Sample 3

Sample 4

4 N

About the samples

e Sample 1 erroneously concluded that there were no anomalous data present
while Sample 2 correctly identified the anomalous data and provided an
appropriate explanation.

e Sample 3 accurately identified the enzyme brands suitable for the purposes
based on the data collected.

e Sample 4 did not use the collected data to refute the claim though the data

K collected show that Enzyme X still shows enzyme activity when stored on ice./
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Sample 5

Sample 6
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Sample 7

Sample 8

4 )

About the samples

e The reasons cited in Samples 5 and 6 for the anomalous data do not correlate
with the obtained results.

e The enzyme brands identified in Sample 7 do not match the obtained results.

e The explanation provided in Sample 8 did not correspond with the results that

\ were obtained (i.e., Enzyme Y still shows enzyme activity when stored on ice).

)
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Supplementary Resources

Possible Modifications

1. Using immobilised amylase beads to investigate factors that affect amylase activity
e Amylase can be immobilised using sodium alginate solution. Immobilised amylase beads can
be used to investigate factors that affect amylase activities.
e The following shows the procedures for preparing immobilised amylase beads and for
investigating the effects of substrate concentration and competitive inhibitors on amylase
activities.

/ Notes for teachers \

e Teachers can use the following procedures. See Chan et al. (2024) for a
detailed description.

e Read the Technician Notes section for the materials required for this
experiment.

e Note that even though the effects of substrate concentration and competitive
inhibitors on enzymatic activities are not within the scope of the curriculum,
teachers can still ask students to investigate these effects. The focus should be
on how students use their data to construct claims about the effects based on

their data.
o [t is suggested that teachers can use the integrated instruction sheets (Paterson,
2019), which combine diagrams and textual instructions about the
K experimental procedures to help students better understand the procedures. /

Preparation of immobilised amylase beads

Procedure
1. Add 10 mL of 0.1% amylase solution to 10 mL of 3% sodium alginate solution in a 50-mL tube
(amylase—sodium alginate solution).
2. Mix the solution gently by inverting the 50-mL tube to
create an amylase—sodium alginate solution.
Add a few drops of food colouring.
Let the mixture sit for 10 minutes to avoid bubbles.
5. Hold the plastic dropper (without a cap) with a stand and
clamp.
6. Pour 200 mL of 2% CaCl, into a 500-mL beaker.
7. Prepare the experimental set-up shown in Figure .
8. Add the amylase—alginate solution to the plastic dropper.
Beads should form when the drop comes into contact with
the CaCl, solution and falls to the bottom of the beaker.
9. Wait 5 minutes for the beads to harden. Figure I Figure 2
10. Collect the amylase beads with a sieve (Figure 2).
11. Wash the amylase beads several times with distilled water from a wash bottle.
12. Store the amylase beads at 4°C in a zipper bag.

W

ﬁ Scan the QR code to view how to make amylase beads.
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Effect of substrate concentration on amylase activity

Procedure

1.

ANl N

Use forceps to transfer sets of 1, 5, and 10 beads to three separate wells in three different rows of a
spotting plate.

Pipette 0.5 mL of 0.025% starch solution into the three wells.
Pipette 0.5 mL of 0.05% starch solution into the three wells.
Pipette 0.5 mL of 0.1% starch solution into the three wells.

After 10 minutes, pipette 100 pL of 0.3% iodine solution into each well.

. Integrated Instruction Sheet
Record the colour of the resultant solutions.

facilitates students
understanding of the procedures.

N

Effect of inhibitors concentration on enzyme activity

Procedure

1.

ANl

Use forceps to transfer sets of 1, 5, and 10 beads to three separate wells in three different rows of a
spotting plate.

Pipette 0.5 mL of 0.05% starch solution into the three wells.

Pipette 0.5 mL of 0.05% starch solution containing 0.01 mM inhibitor into the three wells.

Pipette 0.5 mL of 0.05% starch solution containing 0.1 mM inhibitor into the three wells.

After 10 minutes, pipette 100 puL of 0.3% iodine solution into each well.

Record the colour of the resultant solutions.
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Technician Notes

Materials for Task 3

Chemicals to be prepared

e Amylase X 0.05% (0.05 g in 100 mL)

e Amylase Y 0.05% (0.05 g in 100 mL)

e Amylase Z 0.05% (0.05 g in 100 mL) (or replaced with a lower % of Amylase Y)
e 0.5% starch (0.5 g in 100 mL) (Stored at 4°C)

* Amylase Y and Z are heat-resistant amylases.

Materials for each group

e Mini water bath e 2mL 0.05% Amylase e Dropper bottle rack
solution X, Y, Z in glass vials
X3

e Thermometer e 7 mL 0.5% Starch solutionin | ¢ 5 mL Dropper bottle X 9
glass vials X 3 (3 different colours)

e Icebath e Laminated spotting plate e Rubbish bin

e Autopipette (P-1000) e Autopipette tips (P-100) e Labels

e *Pen

* Dropper bottles can be replaced with glass vials and plastic droppers.
* Do not use marker pen for labelling.

References

Chan, K. K. H., Ho, D. T. S., & Lau, D. S. P. (2024). Using amylase beads to investigate factors affecting
enzyme activity. The American Biology Teacher, 86(3), 153—160.

Owen, M. (2019). Amylase activity: A microscale approach in biology. African Journal of Chemical
Education, 9(3), 64-74.

Paterson, D. J. (2019). Design and evaluation of integrated instructions in secondary-level chemistry
practical work. Journal of Chemical Education, 96(11), 2510-2517.
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Yeast Bead Invertase Investigation

Overview

The Yeast Bead Invertase Investigation is about the industrial application of immobilised yeasts for
the production of invert syrup.

Immobilised yeasts, known as yeast beads, contain invertase (Bryer, 2016).

Students investigate the effect of pH on the activity of yeast bead invertase.

Students collect semi-quantitative data (i.e. the colour intensity of glucose test strips) to determine the
invertase activity.

Students are given the opportunity to design and carry out an experiment and assess the accuracy of
the measurement tool, and the reliability of the data.

Teaching Plan

Prerequisite knowledge (scientific ideas)
e Properties, actions, and roles of enzymes
e Factors that affect the actions of enzymes

Lesson Lesson sequence Duration Resources
(mins)

Stage ) Preparing for the investigation
e It is situated in an authentic context related to the industrial application of invertase in chocolate making
(Contextualisation).

e Students read information to familiarise themselves with the background of the investigation (Reading

Materials).
Before e  The teacher distributes Worksheet 1 for students to complete at home so Worksheet 1
Lesson 1 that they can be familiar with the background of the investigation.
1 e The teacher discusses the investigation context with 40 Student Samples 1
students.
e  The teacher provides feedback on students’ responses in
Worksheet 1.

Stage ® Designing the investigation

o Students interact with a virtual laboratory to familiarise themselves with the materials and apparatuses they
use in the investigation (Virtual Laboratory).

e Students use a template to design their own experimental set-ups (/nvestigation Planning Template).

o Students have the chance to evaluate their own and their peers’ experimental set-ups (Self & Peer Evaluation).

2 e The teacher presents the main investigation context and 40 Teacher Notes 1
discusses with students questions related to their
experimental designs.

e  The teacher provides students with the laboratory manual
for preparation at home.

Stage © Carrying out the investigation
° Students collect data using a template (Data Collection Sheet).

3 e  Teacher asks questions to help students connect their lab 40 Laboratory
experience and related ideas/scientific inquiry skills. Manual
e Students carry out the investigation.

Stage 0o Explaining and evaluating data

° Students assess the limitations of the data collected in answering the investigation question.
Before e Students complete data reporting and analysis at home. Teacher Notes 2
Lesson 4 e  The teacher collects and marks student responses.
4 e  The teacher provides feedback on students’ performance 40 Teacher Notes 2

related to data reporting and analysis.

Important Notes

e Students should avoid direct skin contact with buffer solutions.
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Instructional Materials

Stage @ Preparing for the investigation

Student Worksheet 1
4 )

Notes for teachers

e Teachers can distribute Worksheet I and ask students to read
the background information related to the investigation and
design their experimental set-ups at home.

e Teachers can collect students’ drawing using a Google Form.

e Scan the QR code to get a copy of the Google Form.

.

Task 1
e Read the scenario and answer the questions that follow:

Scenario

Invertase is an enzyme that catalyses the breakdown of sucrose into fructose and glucose. It is widely
used in the food industry to produce creams, jams, and artificial honey.

Yeast (Saccharomyces cerevisiae) is a rich source of invertase. Yeast cells are immobilised to form
yeast beads, which can be easily removed from the sucrose solution and reused.

In this investigation, you will study yeast bead invertase. Read the information in the Data File to
familiarise yourself with the background of this investigation. You will use your biological knowledge
of enzymes and the design of valid and reliable experiments to complete this investigation.

Question

1. You have found that you can control the time for making invert sugar syrup by changing the
temperature during the making of invert sugar syrup. Therefore, you want to investigate the effects of
temperature on the activity of yeast bead invertase.

The virtual laboratory provides students
with opportunities to get familiar with

*  You have been provided with the following materials: materials used in the investigation.
20% Sucrose solution Water bath Plastic dropper
Yeast beads Glucose test strips Thermometer i —
Timer Vials Forceps
Measuring cylinder Spotting plate Colour chart
White tile Spoon

* You may also make use of other common apparatuses in the laboratory.

Scan the QR code to see the materials

(a) Briefly describe how you would use the above materials to plan an experiment to achieve the aim of
the investigation.

e You can draw your experimental design.
e  Write down any important experimental design decisions
o The Investigation Planning Chart (scan the QR code) can help you with this.
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Data File
Your biology teacher asks you to read the following source materials to prepare for planning a scientific
investigation on yeast bead invertase:

Source 1: Industrial application of invertase

Invertase is an enzyme that catalyses the breakdown of sucrose into fructose and glucose.

invertase
sucrose — fructose + glucose

Invertase is commonly used in the food industry to produce ‘invert syrup’
from sucrose solutions. Invert syrup contains a mixture of fructose and
glucose from sucrose treated with invertase. The products formed in the
enzyme reaction (i.e., fructose and glucose) have a higher solubility than
the substrate (i.e., sucrose).

A well-known use of invertase is in the

production of chocolates with a soft centre, such

as Lindt Lindor milk chocolate truffles. One way to make this type of
chocolate is to add a small amount of invertase to the solid sugar filling,
which consists of table sugar (sucrose). The mixture of fructose and glucose
from the sucrose treated with invertase becomes liquid in the chocolate shell.

Source 2: Testing for glucose concentration in urine samples

Glucose is found in urine samples from patients with diabetes. A
convenient way to detect the presence of glucose in urine is to use
a glucose paper test strip.

A glucose test strip contains glucose oxidase. This enzyme
catalyses the conversion of oxygen into hydrogen peroxide. The
hydrogen peroxide produced reacts with the substrate on the test
strip to form a coloured substance. The simplified reactions are as
follows:

glucose oxidase
glucose + oxygen ————>intermediate X + hydrogen peroxide

substrate + hydrogen peroxidle ——=  water + coloured substance

After dipping in the urine sample, the paper test strips change colour if glucose is present. The resulting
colour indicates the concentration of glucose semi-quantitatively.

ﬁ Scan the QR code to learn how to use a glucose test strip.
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Source 3: What are yeast and yeast beads?

Yeast (Saccharomyces cerevisiae) is a eukaryotic organism. A eukaryotic cell has a true nucleus and
membrane-bound organelle. Although yeast cells have cell walls, the chemical composition of their cell
walls is different from that of plant cells. The following diagrams show yeast cells under a light
microscope and a drawing of a yeast cell, respectively.

Yeast cells under a microscope Drawing of a yeast cell
Yeast cells contain invertase, which catalyses the conversion of sucrose to fructose and glucose.

Scientists use yeast for many industrial applications, including brewing beer and making bread. In some
applications, scientists immobilise whole yeast cells to form yeast beads using sodium alginate and
calcium chloride.

The reading materials provide
information about yeast beads, which
may be unfamiliar to the students.

Yeast in alginate solution + Calcium chloridle @—— > Yeast beads
(Yeast immobilised in insoluble calcium alginate)

Immobilised yeasts are also active. The yeast beads can be collected and reused after the reaction.

l_hE:-: m

ﬁ Scan the QR code to learn how to make yeast beads.
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Student Samples 1 (Worksheet 1

Sample 1

Sample 2

Brief explanation of my design:

Firstly, make some yeast beads by using a plastic dropper. Next, measure 10 cm3 of 20% of
sucrose solution by using a measuring cylinder, then transfer the solution into a glass vial and
repeat this step for four times. After that, use a water bath and put a thermometer to seek the
respective wanted temperatures of the solution, also set a timer for 12 mins. Then, transfer five
yeast beads into each glass vial and start the timer once the beads are ur into the vial by a
spoon. Afterwards, place a spotting plate on a white tile and add five glucose paper test strips
on the plate by a forcep while waiting the experiment to complete. After 12 minutes, use a
plastic dropper to add two drops of each of the mixture to the plate. At last, observe the colour
change of the test paper to deduce how much sucrose has been converted into glucose.
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Sample 3

Notes for teachers

e Teachers can select student drawings (anonymised) for discussion.

e Teachers can discuss the following scientific inquiry skills: (1) range and
interval of independent variable; (2) measurement of dependent variable; (3)
significant assumptions; (4) important precautionary steps; (5) number of yeast
beads used.

- J
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4 )

Notes for teachers

e The following shows the main investigation context that requires students to
design an investigation with another independent variable.

e There are some questions that teachers may use to guide students in thinking
about or assessing the scientific inquiry skills related to experimental designs.

e Some student work samples are shown below to illustrate possible student

\ thinking. /

Task 2

Scenario

Invertase is an enzyme that catalyses the breakdown of sucrose into fructose and glucose. Invertase is
often used in the food industry for the production of invert syrup from sucrose.

Yeast (Saccharomyces cerevisiae) is a rich source of invertase. Yeast cells are immobilised and form
yeast beads that can be easily removed from the sucrose solution and reused.

Since sucrose solutions with different food additives have different pH values, the efficiency of the
yeast beads in converting sucrose into fructose and glucose may be different. In this study, you would
like to investigate the effect of pH on the invertase activity of the yeast beads.

Design of the investigation

Your teacher has given you the following materials:

5% Sucrose solution Distilled water Timer
atpH3,5,7,9
Buffer solution* (pH=3,5,7,9) Glucose test strip Forceps
Yeast bead Petri dish Spoon
Plastic vial Measuring cylinder White tile
Spotting plate Plastic dropper Colour chart

* Buffer solutions are used to maintain the pH of the solution mixture.

Possible questions

1. You have found two different brands of glucose paper test strips in the laboratory. Below you can
see the colour charts of the two brands, which you can use to determine the concentration of
glucose.

Which brand, A or B, will you use in this investigation? Why?
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2. State one significant assumption in this investigation.
(An assumption is something we think it is true, though we cannot be sure. A significant
assumption is the one that the experiment cannot make any conclusion without assuming it to be

true).
. . . Terms are defined using
3. Your teacher has also given you the following reminders: student-friendly language.
Reminders

o  Place the yeast beads in the petri dish containing the buffer solution for at least 5 minutes
before mixing with the sucrose solution.

o  Gently shake the plastic vials with the yeast beads and the sucrose solution from time to
time.

Suppose you have overlooked your teacher’s reminders and

(a) forgot to put the yeast beads into the buffer solution before adding them to the sucrose
solution.

(b) shook the plastic vials too vigorously and spilled half of the sucrose solution out of the plastic
vials.

Explain how each of these mistakes would impact the experimental results.

Hints: Be sure to include the following parts in your answers:
o the effect on the data being collected The checklist serves to
e explanation for the effect scaffold students’ responses.

Impact on experimental results

(a)

(b)

Notes for teachers:

e Q.1 assesses students’ ability to reduce measurement errors by choosing the
glucose test strip brand that is more sensitive.

e .2 assesses students’ ability to identify the significant assumption.

e Q.3 assesses students’ ability to explain how specific steps can impact on the
validity of the data.

- /
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The following are some examples of students’ responses to Q.2:

Sample 1

Sample 2

About the samples

e Neither sample mentioned the significant assumption concerning the relationship
between the measurement and the dependent variable.

The following examples demonstrate varying levels of sophistication in quality:

Unattained
e Environmental conditions are the same.
e Yeast beads have the same size and shape.

Basic
e All yeast beads work the same.

Good
e Amount of invertase in each yeast bead is the same.

Excellent
e Glucose is only contributed by the activity of invertase in the yeast beads.
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The following are some examples of students’ responses to Q.3(a):

Sample 1
Impact on experimental results
(D e :
[he vl of  seemst sulgien Wil e
offected. |, brgausk {f geost heods ddnH  pwt  nfo
WS slofit e vabe of  yeost hads and
Stemge Ao will e didhret | & the el aw
be  the pH Yoo vant,
Sample 2
Sample 3
Impact on experimental results
(1)
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-

About the samples

e Sample 1 did not clearly explain how omitting the precautionary step would
impact the yeast beads’ ability to reach the desired pH at the start of the
experiment.

e Both Samples 2 and 3 described the effect of this missing step. Sample 3
specifically stated that the effect could result in either a higher or lower glucose
concentration, depending on the pH profile of the invertase enzyme. In contrast,
Sample 2 assumed a lower pH would lead to higher invertase activity, despite
lacking experimental evidence to support that claim.

~

/
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Stage ® Carrying out the investigation

Laboratory Manual

/ Notes for teachers

e Teachers can distribute the manual for students to read and
prepare before the investigation.

e Teachers can ask questions to check if students fully
understand the procedures (e.g., how many glucose test strips
do you need for this experiment? Why?).

o The Supplementary Resource section contains the list of
materials.

e Teachers can print the Data Collection Sheet and laminate
the printouts for use in class.

\ e Scan the QR code to view the process of the experiment. /

Task 3:
= Read the following procedures to carry out the investigation.

Procedure

Preparation of yeast beads

1. Add 10 mL of 10% yeast (in a vial) to 10 mL of 2% sodium alginate solution in a 50 mL-tube.
2. Mix the solution well by inverting the 50 mL-tube to make a yeast—sodium alginate solution.
3. Hold the plastic dropper (without cap) with a stand and clamp.
4. Pour 50 mL 2% CacCl; (calcium chloride) into a plastic cup/100 mL-beaker.
5. Assemble the set up shown in Figure 1.
6. Add the yeast sodium alginate solution to the plastic dropper (a bead should

form when the drop comes into contact with the CaCl, solution and falls to [

the bottom of the beaker).
7. Wait 5 minutes until the beads have hardened.

>17 cm -

8. Discard any floating yeast beads with a plastic spoon.
9. Collect the beads with a sieve.
10. Wash the beads several times with distilled water from a wash bottle overa L

plastic cup.

Figure 1

Incubation of the yeast beads in buffer solution
1. Add 5 mL buffer solution (pH = 3.0, 5.0, 7.0, 9.0) to 4 different petri dishes.
2. Use a spoon to gently move at least 15 yeast beads into each buffer solution (pH = 3.0, 5.0, 7.0,

9.0).
3. Wait at least 5 minutes.
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Testing the invertase activity

L.

2
3.
4

A S AN g

Transfer 5 mL of the sucrose solution with a pH of 3.0 into a plastic vial.
Repeat Step I with the sucrose solution with different pH values (5.0, 7.0 and 9.0).
Transfer 15 yeast beads into each plastic vial using a spoon and a pair of forceps.

At time = 0 minute, remove a small drop of sample from each vial with a plastic dropper and
place it on the laminated spotting plate sheet.

Close the plastic vial and swirl it gently from time to time.

Repeat Step 4 at time points 5, 10, 15 and 20 minutes.

When you have collected all the samples, dip the glucose paper test strip into each sample.
Observe and record the colour change, if any, after 1 minute.

Determine the glucose concentration from the colour chart.

Notes for teachers

e Remind the technician to adjust the relative concentration
of sucrose solution as different brands of glucose test
strips have different sensitivity.

e Laminated data collection sheets are commonly used in
microscale activities.

e Scan the QR code for copy of the Data Collection Sheet.

The Data Collection Sheet
provides guidance for
students to collect data.
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Stage @ Explaining and evaluating data

Teacher Notes 2

\

Notes for teachers

e The following are some possible questions that teachers can use to guide
students in thinking about or assessing their scientific inquiry skills related to
data analysis and interpretation.

e Some student work samples are shown below to illustrate possible student

\ thinking. J

Task 4

—

Based on the data collected, describe and explain the effect of pH on yeast bead invertase activity.

o

Tom performed the same experiment. He found that all the glucose test strips of the samples at pH
7 and 9 at 0, 5, 10, and 20 minutes gave a negative result.

You found that your group’s results are similar to the general trend observed in the class data.
You suspected that Tom’s results are anomalous data and had some errors.

(a) By comparing your results with those of Tom, identify the possible errors in Tom’s results.
(b) How would you further confirm that the results by Tom are anomalous?

(c) Explain the possible causes for the errors.

98]

Tom would like to determine the optimum pH of yeast bead invertase accurately.

(a) Based on the data, explain the limitations of the experimental design in finding the optimum
pH of yeast bead invertase.

(b) Describe how you would modify this experiment to obtain a more accurate estimate of the
optimum pH of yeast bead invertase.

/ Notes for teachers \

e Q.1 assesses students’ ability to describe and explain data in simple data sets.

e Q.2 assesses students’ ability to identify data inconsistent with the general trend
or patterns observed within the class data and suggest ways to confirm if the
data are anomalous as well as explanations for the occurrence.

e Q.3 assesses students’ ability to assess the adequacy of the selection of the
range and interval of the independent variable in determining the optimum pH
of the yeast bead invertase, and suggest possible modifications to improve the

K accuracy of the designs to achieve this aim. j
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The following are some examples of student responses to Q.1:

Sample 1

Sample 2
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Sample 3

/ About the samples

Sample 1 did not describe the trends and patterns observed in the data obtained
and did not provide explanation for the trends and patterns observed.

Sample 2 described the trends and patterns observed in the data obtained, but
the description lacked clarity. In the explanation, it was wrongly stated that the
optimum pH was 4.5, and the explanation did not explain why extreme pH
would denature the enzyme.

Sample 3 described the pH profile of the yeast bead invertase by relating it to
the data obtained. It also explained the effect of extreme pH on the enzyme
activity.

Innovations in Biolog
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Supplementary Resources

Possible Modifications

1. Investigating the rate of yeast bead invertase quantitatively
e The reducing sugars produced by the invertase can be quantified using quantitative Benedict’s
test.

e A colorimeter can be used to determine the amount of reducing sugar produced.
o Details can be found in Hale (2023).

2. Comparing the sensitivity of two brands of glucose test strips
e The sensitivity of different brands of glucose test strips can be compared.
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Technician Notes

Materials for Task 3

Chemicals to be prepared

= 10% yeast extract (1 mL in 1.5 mL tube) (to be prepared on that day) (Add 15 g yeast in 150 mL
distilled water. Add a spoonful of sugar. Stir on a magnetic stirrer. Wait for 30 minutes to activate
the yeast. Keep stirring. Aliquot just before the experiment.)

= 2% sodium alginate (food grade). Add 200 mL of distilled or deionised water and a stir bar. Heat
the solution. Slowly add some sodium alginate to dissolve it. Add more powder slowly (5 g in
total). Make up volume to 250 mL. Store the solution at 4°C.

ﬁ Scan the QR code to watch a video on how to prepare 2% sodium alginate.

1

Materials for each group

e 10 mL 2% Sodium alginate | ¢ Plastic forceps X 4 e Glucose test strips X 20
in 50 mL tube
e 10mL 10% Yeastin a e 3 mL Plastic disposable e Rubbish bin
plastic vial pipette (with part of the head
cut)
e 100 mL Beaker X2 e  Mini petri dish X 12 e 50 mL 2% calcium
chloride
e Spoon (for removing e Stand and clamp e Timer
floating yeast bead)
e Sieve e  Wash bottle (with distilled
water)
Notes:

e Use 5% to 20% sucrose solution depending on the brand of glucose test strips.
e Do not use sodium phosphate buffer as alginate beads can react with the buffer.
e The time for Step & (i.e., testing the invertase activity) depends on the brand of glucose test strips.

4 al
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Yeast Bead Catalase Investigation

Overview

The Yeast Bead Catalase Investigation is about the industrial application of immobilised yeasts to
remove hydrogen peroxide from factory effluents.

Immobilised yeasts, known as yeast beads, contain catalase (Bryer, 2016a, b).

Students collect quantitative data (i.e., the time for the yeast beads to rise to the surface of the
hydrogen peroxide solution) to determine the catalase activity for compare the inhibitory effects of
different types of heavy metal ions under different concentrations.

Students have the opportunity to design and carry out experiments in which they set up replicates,
consider the importance of a larger sample size, identify significant assumptions in their experimental
designs.

Students also analyse data, construct graphical representations to compare data sets, and use the
information to inform decisions in the application of effluent treatment.

Teaching Plan

Prerequisite knowledge (scientific ideas)

e The properties, actions and roles of enzymes
e Factors affecting the actions of enzymes

e The action of catalase on hydrogen peroxide

Lesson Lesson sequence Duration Resources
(mins)

Stage ) Preparing for the investigation
e [tis situated in an authentic context related to the industrial application of yeast beads in removing hydrogen
peroxide from factory effluents (Contextualisation).

e Students read information to familiarise themselves with the background of the investigation (Reading

Materials).
Before e The teacher distributes Worksheet 1 for students to complete at home so Worksheet 1
Lesson 1 that they can be familiar with the background of the investigation.
1 e  The teacher discusses the investigation context with 40 Worksheet 2
students.
e The teacher provides feedback on students’ responses in
Worksheet 1.

e Students complete Worksheet 2 to design an investigation.
e Students perform mini-trial run.

Stage ® Designing the investigation

e  Students perform mini-trial run (7rial Run).

e Students interact with a virtual laboratory to familiarise themselves with the materials and apparatuses they
use in the investigation (Virtual Laboratory).

e Students use a template to design their own experimental set-ups (/nvestigation Planning Template).

e Students have the chance to evaluate their own and their peers’ experimental set-ups (Self & Peer Evaluation).

e Students’ experimental designs of a similar investigation are collected and discussed in class (Diagnostic

Assessment).
2 e  The teacher provides feedback on students’ experimental 40 Student Samples 1
designs in Worksheet 2.
3 e The teacher presents the main investigation context and 40 Teacher Notes 1

discusses with students questions related to their
experimental designs.

e  The teacher provides students with the laboratory manual
for preparation at home.
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Stage © Carrying out the investigation

3 Students use microscale instrumentation that reduces the time of the experiments (Microscale
Instrumentation).
° Students collect more complex data sets by setting up replicates (Complex Data Set).
3 e  Teacher asks questions to help students connect their lab 40 Laboratory
experience and related ideas/scientific inquiry skills. Manual

e  Students carry out the investigation.

Stage [2) Explaining and evaluating data
3 Students record and share data using Google Spreadsheet. (Digital Tool)

. Students use data to make claims about the inhibitory effects of different types of heavy metal ions under
different concentrations and make decisions (Decision-making Task).
Before e  Students complete data reporting and analysis at home. Teacher Notes 2
Lesson 4 e  The teacher collects and marks student responses.
4 e  The teacher provides feedback on students’ performance 40 Teacher Notes 2
related to data reporting and analysis.

Important Notes

o Students should wear safety goggles and lab coats during the experiment.
e Students should avoid contact with hydrogen peroxide, as it can discolour clothing.
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Instructional Materials

Stage @ Preparing for the investigation

4 )

Notes for teachers

e Teachers can distribute Worksheet 1 and ask students to
read the background information related to the
investigation at home.

e Students’ responses can be collected using a Google
Form.

e Scan the QR code to get a copy of the Google Form.

. J

Task 1
e Read the following information and the source materials in the data file.
e Answer the questions that follow.

Scenario

Hydrogen peroxide (H»O,) is widely used as a bleaching agent in textile
industries. Hydrogen peroxide residues should be broken down to
harmless substances before discharge to the environment.

Yeast (Saccharomyces cerevisiae) is a rich source of catalase, which is
an enzyme that catalyses the breakdown of hydrogen peroxide into
oxygen and water. Scientists make use of yeasts to remove hydrogen
peroxide residues in wastewater. Yet, industrial liquid waste often
contains heavy metal ions that can inhibit catalase activity of yeast
beads.

Read the information in the Data File to familiarise yourself with the Yeast beads
background of this investigation.
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Data file
Your biology teacher asks you to read the following source materials to prepare yourself for designing an
investigation related to studying catalase.

Source 1: Measuring the activity of catalase

Almost all organisms contain catalase. Catalase speeds up the breakdown of hydrogen peroxide, a toxic
by-product of some metabolic reactions, into oxygen and water.

The activity of catalase in different tissues can be studied using a simple method involving the following
procedures:

e Put filter paper discs into extract of different tissues

o The filter paper discs are then put into plastic vials containing equal volumes of hydrogen peroxide
e Start timing when the filter paper disc reaches the solution

e Note the time (7) required for the filter paper disc to rise to the surface of the solution

The reading materials provide information
about the measurement methods relevant to
the main investigation.

] g o [
= Al
Scan the QR code to see what happens to a filter paper disc with fresh _'.'
potato juice. -

Source 2: What are yeast and yeast beads?

Yeast (Saccharomyces cerevisiae) is a eukaryotic organism. A eukaryotic cell has a true nucleus and
membrane-bound organelle. Although yeast cells have cell wall, the chemical composition of cell wall
of yeast cells is different from that of plant cells. The following diagrams show yeast cells under a light
microscope and a drawing of yeast cell respectively.

Yeast cells under microscope Drawing of a yeast cell

Yeast cells contain catalases. The catalase can break down hydrogen peroxide into oxygen and water.
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ﬁ Scan the QR code to see what happens when a dialysis bag
containing yeast solution is put into a beaker of hydrogen
peroxide solution.

Scientists make use of yeast for many industrial applications including brewing of beer, making of bread
and etc. In some applications, scientists immobilise whole yeast cells to form yeast beads using sodium
alginate and calcium chloride.

The reading materials provide
information about yeast beads, which
may be unfamiliar to the students.

Yeast in alginate solution + Calcium chloride —— > Yeast beads
(Yeast immobilised in insoluble calcium alginate)

Immobilised yeasts are also active. The yeast beads can be collected and reused after reaction.

Answer the questions below affer reading the source materials.

(a) Write a word equation for the action of catalase on hydrogen peroxide.

(b) Suggest an animal organ in which catalase is present in great abundance and from which the enzyme
can be obtained. Explain why this organ has so much catalase.

(c) With reference to Source 1, explain why the paper discs rise to the surface of the hydrogen peroxide
solution.

(d) How is the time taken for the paper disc to rise to the surface of the solution related to the activity of
catalase?

(e) With reference to Source 2, state two observations when a dialysis bag containing yeast solution is

put into a beaker of hydrogen peroxide solution.
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Stage ® Designing the investigation

Student Worksheet 2
/ Notes for teachers \

e Teachers distribute Worksheet 2 and ask students to design the investigation at
home.

e Teachers may ask students to perform a trial run before their design. See
Supplementary Resource section for the material list.

e Students can see the materials and apparatuses in the Virtual Laboratory.

e Some student work samples are shown below to illustrate possible student

\ thinking. /

Task 2
e Answer the questions that follow.

1. Briefly describe how you would use the following materials to design an experiment to achieve
the above aim. You can draw your experimental design.

IM Zinc sulphate solution Timer Distilled water
1M Nickel chloride solution Forceps 0.1% Hydrogen peroxide
IM Copper sulphate solution Yeast beads Plastic vials
Autopipette Autopipette tips 10 ml measuring cylinder
Petri dish

ﬁ Scan the QR code to see these materials.

The virtual laboratory provides students with
opportunities to get familiar with materials
used in the investigation.

Brief explanation of my design:

The mini trial run provides opportunities for
students to see how the dependent variable can be
measured (i.e., the time for the yeast beads to rise).

/ Mini trial run procedures W

You may want to perform the following trial run before you design the investigations.
e Pour some hydrogen peroxide (H»O) into a plastic vial.

e Use the forceps to transfer several yeast beads into the H,O, solution.

e Observe what happens.
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Student Sample 1 (Worksheet 2

Examples of students’ initial experimental designs

Sample 1

Students evaluate their own and their peers’ designs on a
similar experiment. Teachers provide feedback on
important scientific thinking skills.
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Many students tend to overlook the

preincubation step in their experimental designs.

(as) (ag)
1M CusO. 11 2:50, 1M KAL)
(eq) (aq)

~N

Notes for teachers

e Teachers can choose some students’ diagrams (anonymised) of experimental
setups for students to evaluate.

e Teachers can discuss the following scientific inquiry skills: (1) the importance
of precautionary step; (2) the number of yeast beads in each vial; (3) the
number of replicates they would set up.

- J
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Teacher Notes 1

/ Notes to teachers \

e After receiving feedback on their experimental designs, the following shows
the main investigation context for students to design another investigation that
involves continuous independent variable.

e There are some questions that teachers may use to guide students in thinking
about or assessing the scientific inquiry skills related to experimental designs.

e Some student work samples are shown below to illustrate possible student
thinking to some questions.

o )

Task 3

Scenario

Hydrogen peroxide (H20) is widely used as a bleaching agent in textile industries. Hydrogen peroxide
residues should be broken down to harmless substances before discharge to the environment.

Baker’s yeast (Saccharomyces cerevisiae) is a rich source of catalase.
Catalase is an enzyme that catalyses the breakdown of hydrogen peroxide
into oxygen and water. Scientists make use of yeasts to remove hydrogen
peroxide residues in wastewater. However, industrial liquid waste often
contains heavy metal ions that can inhibit catalase activity of yeast beads.
More yeast beads need to be used to achieve the same efficiency.

Your biology teacher has asked you to design an investigation to investigate

the effect of different types of heavy metal ions on the activity of yeast bead
catalase under different concentrations. This information is important for
determining the catalase activity of yeast beads in removing hydrogen peroxide in

- Yeast beads
water with heavy metal.

Design of investigation
Aim of the investigation

e To investigate the effect of different types of heavy metal ions on the activity of yeast bead
catalase under different concentrations

Materials and apparatus:
e You have been given the following materials and apparatus:

1M Nickel chloride solution Forceps Plastic vial
1M Copper sulphate solution Petri dish Timer
0.1% Hydrogen peroxide solution 1 mL Pipette 10 mL Measuring cylinder
Distilled water Pipette filler 25 mL Beaker
Yeast beads Scissors
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The diagrams provide visual scaffolds
to help students understand the
materials and apparatuses for the

investigation.

Scan this QR code
to see the materials.

Possible questions

L.

State how the dependent variable can be measured using the above materials and apparatus.
Hints: Make sure that you include the following parts in your answers:

O the measurement tools and the methods of measurement.

O the relationship between the measurement and the dependent variable

The checklist serves to
scaffold students’ responses.

Will you choose to use one single yeast bead or more than one yeast bead in each trial? Why?

Your teacher advised you not to use hydrogen peroxide solution that is too concentrated (>5%
hydrogen peroxide). Discuss the importance of using a suitable concentration of hydrogen
peroxide solution in relation to the overall validity of the investigation.

Notes for teachers \
e Q.1 assesses students’ ability to connect the measurement to the dependent
variable.

e Q.2 assesses students’ ability to explain how increasing the sample size can help
reduce the impact of individual differences inherent in biological samples on the
quality of the data.

e Q.3 assesses students’ ability to explain design that relates to the validity of the

design. /
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The following are some

Sample 1

Sample 2

Sample 3

examples of students’ responses to Q.1:

About the samples

Sample 1 proposed a set-up that required additional materials and apparatus not
provided in the list. It is also not feasible to measure the time it takes for the
colourless gas bubbles to appear.

Sample 2 described the measurement (i.e., time for the yeast beads to rise to the
surface of the solution) but did not state the relationship between the
measurement and the relative rate of catalase activity.

Sample 3 confused yeast beads with paper discs (information in the Data File.)

Innovations in Biolog
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The following are some

Sample 1

-

Sample 2

Sample 3

examples of students’ responses to Q.2:

-

About the samples

Sample 1 wrongly believed using more than one yeast can lead to a shortening
of the duration of the experiment. The surface area to volume ratio of each
yeast does not change when more than one yeast bead is used.

Sample 2 and Sample 3 related to the reliability of the data. Sample 2
described the differences between the yeast beads in terms of the differences in
the amount of catalase. Increasing the number of yeast beads in each trial can
reduce the impact of the inherent variations in catalase in the yeast beads.

/
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The following are some examples of students’ responses to Q.3:

Sample 1

Sample 2

Sample 3

4 )

About the samples

e Sample 1 wrongly stated that more concentrated hydrogen peroxide solution
is more acidic.

e Sample 2 did not pinpoint what the changes in the rate of catalase activity
would be when too concentrated hydrogen peroxide is used and its effect on
the measurement.

e Sample 3 was able to relate the difficulty of discerning the differences if the

K rate is too high for both treatments. /
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Stage ® Carrying out the investigation

Laboratory Manual

Notes to teachers

e Teachers can distribute the manual for students to read and
prepare before the investigation.

e [tis suggested that half of the class investigate the effect of
copper ions while the other half study the effect of nickel
ions.

~

e Teachers can ask questions to check if students fully
understand the procedures (e.g., how many yeast beads will
you need in this experiment? Why?).

o The Supplementary Resource section contains the material
list.

k e Scan the QR code to view the process of the experiment. j

Task 4
= Read the following procedures to carry out the investigation.

Procedure

Preparation of yeast beads

I. Add 10 mL of 10% yeast (in a vial) to 10 mL of 2% sodium alginate solution in a 50 ml tube.
2. Mix the solution well by inverting the 50 mL tube to make a yeast—sodium alginate solution.
3. Hold the plastic dropper (without cap) with a stand and clamp.
4. Pour 50 mL 2% CaCl; (calcium chloride) into a plastic cup/100

mL beaker.
5. Assemble the set up shown in Figure 1.
6. Add the yeast-sodium alginate solution to the plastic

dropper (a bead should form when the drop comes

into contact with the CaCl, solution and falls to the B

bottom of the beaker).
7. Wait 5 minutes until the beads have hardened.

17 4

8. Discard any floating yeast beads with a plastic spoon. Ziem
9. Collect the beads with a sieve.
10. Wash the beads several times with distilled water from a wash

bottle over a plastic cup. Figure 1
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Inhibition of catalase activity

1. Add the heavy metal solution (e.g., 5 mL depending on the size of the petri dish) with different
concentrations (1M, 0.5 M, 0.25M) and distilled water to four different petri dishes.

2. Use forceps to gently move at least 15 yeast beads into each labelled petri dish for at least 5
minutes.

Testing the catalase activity

1. Measure 10 mL of 0.1% hydrogen peroxide solution with a measuring cylinder and pour the
solution into a plastic vial. (You can use the dropper to transfer the solution).

2. Repeat Step I three times.

Use the forceps to carefully transfer five yeast beads from each petri dish into each plastic vial.

4. Start the timer as soon as the yeast beads touch the surface of the hydrogen peroxide solution or as
soon as they touch the bottom of the vial.

5. Record the time when all the beads have reached the surface of the hydrogen peroxide solution.

6. Repeat your measurements at least two more times.

7. Report your group data in this Google Sheet by scanning the QR code.

ﬁ Scan the QR code to get a copy of the Google Sheet.
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Stage @ Explaining and evaluating data

Teacher Notes 2

4 )

Notes for teachers

e The following are some possible questions that teachers can use to guide
students in thinking about or assessing their scientific inquiry skills related to
data analysis and interpretation.

e Some student work samples are shown below to illustrate possible student
thinking.

- /

Task 5

Possible questions
1. Based on the class data, which data set concerning the effect of 0.5 M of the two heavy metal ions
on the yeast bead catalase activity is more variable? Explain your answer.

2. Plot a graph to show the class data.
e  Which type of graph would you choose to show the effect of different types of heavy metals
on the activity of catalase under different concentrations? Why?
e  Which axis, the x-axis or the y-axis, should be the independent and dependent variables
respectively?
e  What should be a suitable title for your graph?
Some reminders are added to guide
students in constructing graphical
representations appropriately.
3. Describe and compare the effect of different concentrations of the two heavy metal ions on the
activity of catalase in the yeast beads.
4, If 1,000 yeast beads are typically used to remove hydrogen peroxide from industrial effluents

without heavy metals, how many yeast beads would be needed to achieve the same removal
efficiency in effluents containing 0.1 M nickel chloride and 0.1 M copper sulphate, respectively?

4 N

Notes for teachers

e Q.1 assesses students’ ability to apply basic statistics to compare the variability
of datasets.

e (.2 assesses students’ ability to construct appropriate graphical representations.

e (.3 assesses students’ ability to describe and compare more complex data sets
involving more than one independent variable.

e Q.4 assesses students’ ability to read data from the graph and perform simple

\ calculation based on their data. /
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The following are some examples of students’ responses to Q.2:

Sample 1
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Sample 2

4 N

About the samples

e Sample 1 has various mistakes in the graph plotting. These include: (1) missing a
title for the graph; (2) reversing the x-axis and y-axis; (3) using a measurement
parameter rather than the dependent variable on the axis.

e Sample 2 shows a scaling issue in the graph. The interval between 0.25 M and
0.5 M is the same as the interval between 0.5 M and 1.0 M, which is not an

\ appropriate scaling. /
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The following are some examples of students’ responses to Q.3:

Sample 1

Sample 2

Sample 3

/ About the samples \

e Sample 1 did not clearly identify how the different concentrations of
copper/nickel ions influenced the yeast bead catalase activity.

e Sample 2 did not specify the range of heavy metal ion concentrations over
which there was a decrease in yeast bead catalase activities. There was also no
explicit comparison of the effects of the two different heavy metal ions.

e Sample 3 showed that as the concentration of heavy metal ions increased, there
was a decrease in yeast bead catalase activity. It also identified that the copper
ions caused a greater decrease in activity compared to the nickel ions.
However, the description of the differential effects between the two heavy

k metal ions could be more nuanced. /
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Supplementary Resources

Possible Modifications

1. Studying plant material beads
e C(Catalase can be found in many different tissues of plants and animals. Crude extract from
plant materials can also be used to make alginate beads (Andrews et al., 2019). Potato, banana
and cucumber beads can be prepared using the following protocol:

Procedure

Preparation of alginate beads using crude extract from plant materials

Weigh 20 g of potato/cucumber.

Cut the potato/cucumber into small pieces.

Add 20 mL of distilled water to the potato/cucumber.

Blend the potato/cucumber and the distilled water with a blender.

Filter the potato/cucumber juice with a muslin bag.

Add 10 mL of 3% or 4% sodium alginate solution to 10 mL of filtered potato/cucumber juice.

Mix the mixture well.

Store at 4°C to remove air bubbles.

Add the potato/cucumber juice-sodium alginate solution to the plastic dropper (a bead should form
when the drop comes into contact with the CaCl, solution and falls to the bottom of the beaker) above
a beaker of 2% calcium chloride.

VXA kDN

ﬁ Scan the QR code to watch a video on how to prepare plant material
alginate beads.

Important notes

e [t is important to make sure that the plant extract is dense enough for the beads to sink to the bottom.

e Storing the plant extract—alginate mixture overnight at 4°C can effectively remove the air bubbles (the
beads will float if they contain many air bubbles).

Technician Notes

1. Materials for Task 2

Materials to for each group

1% H,0; (50 ml) in 100 mL beakers

3% H,0; (50 ml) in 100 mL beakers (Handle with care!)
5 plastic vials

Forceps X2

Irregular yeast beads in a petri dish
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2. Materials for Task 4

Chemicals to be prepared

e 10% yeast extract (1 mL in 1.5 mL tube) (to be prepared on that day) (Add 15 g yeast in 150 mL
distilled water. Add a spoonful of sugar. Stir on a magnetic stirrer. Wait for 30 minutes to activate
the yeast. Keep stirring. Aliquot just before the experiment.)

e 2% sodium alginate (food grade). Add 200 mL of distilled or deionised water and a stir bar. Heat
the solution. Slowly add some sodium alginate to dissolve it. Add more powder slowly (5 g in
total). Make up volume to 250 mL. Store the solution at 4°C.

e 0.1% hydrogen peroxide (150 mL per group) You may perform a trial run with 0.2% H>O- as the
catalase activity depends on the quality of the yeast. It is desirable if the yeast beads rise within 1
minute in the control (i.e., without metal ion treatment).

ﬁ Scan the QR code to watch a video on how to prepare 2% sodium alginate.

Materials for each group

1

50 mL tube

e 10 mL 2% Sodium alginate in

Plastic forceps X 4

Plastic vials X 12

vial X 1

e 10mL 10% Yeast in a plastic

3 mL Plastic disposable
pipette (with part of the head
cut)

10 mL Measuring cylinder

e 100 mL Beaker X 2

Mini-petri dish X 4

SmL1M CuSO4 /NiClz
solution in 15 mL tube

yeast bead)

e Spoon (for removing floating

3 mL Disposable dropper (for
measuring H,O,)

5 mL 0.75 M CuSO4/NiCl,
solution in 15 mL tube

e Sieve

Stand and clamp

5 mL 0.25 M CuSO4/NiCl,
solution in 15 mL tube

e 50 mL 2% Calcium chloride

Wash bottle (with distilled
water) X 1

5 mL Distilled water in 15 mL
tube

e Timer

0.1% Hydrogen peroxide
(>120 mL)

Rubbish bin

Notes

e Do not use tap water to prepare heavy metal solutions.

ﬁ Scan the QR codes to watch the videos.
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Banana Ripening Investigation

Overview

The Banana Ripening Investigation is about why bananas become sweet during ripening.

The investigation involves hypothesis testing, in which students propose an explanatory hypothesis.
Students design food tests to investigate the biochemical changes that occur during the ripening process.
Students are given the opportunity to design and carry out experiments in which they make predictions
from the hypothesis, determine appropriate ranges and intervals for data collection, and consider the
generalisability of their data.

Teaching Plan & Key Features

Lesson Lesson sequence Duration Resources
(mins)

Stage @ Preparing for the investigation
e Students observe what happened to the overripe banana to raise their curiosity of the biochemical changes
during the ripening process.
1 e  The teacher performs a demonstration to show the 40 Worksheet 1
fluorescent blue ring around the black spot on an overripe
banana.
e  The teacher invites students to propose possible
biochemical changes that may occur during the fruit
_ ripening process in Worksheet 1.
Stage (2] Designing the investigation
2 e The teacher distributes Worksheet 2 and introduces the 40 Worksheet 2,
investigation context. Teacher Notes 1
e  The teacher discusses with students questions related to
the experimental design.
e  The teacher provides students with the laboratory manual
_ for preparation at home.
Stage © Carrying out the investigation

. Students use microscale instrumentation that reduces the time of the experiments (Microscale
Instrumentation).
3 e  Teacher asks questions to help students connect their lab 40 Laboratory
experience and related ideas/scientific inquiry skills. Manual
e Students carry out the investigation.

Stage () Explaining and evaluating data
. Students share their data on Padlet (Data-sharing Web Platform).

. Students evaluate their data to determine if the hypothesis is supported or refuted and consider how to
gather additional evidence.
Before e Students complete data reporting and analysis at home. Teacher Notes 2
Lesson 4 e  Teacher collects and marks student responses.
4 e  Teacher provides feedback on students’ performance 40 Teacher Notes 2
related to data reporting and analysis.

Important Notes

e This investigation is considered relatively simple. It is more suitable for use in Secondary 3 or
Secondary 4.
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Instructional Materials

Stage @ Preparing for the investigation

Student Worksheet 1
/ Notes for teachers \
%

e Teachers perform a demonstration to show the fluorescent
blue rings around the black spots on overripe banana.

e Teachers can ask students to propose changes that might
have occurred during banana ripening that led to their
observations and other possible changes.

\ e Scan the QR code to see a video clip. /
The demonstration arouses students’

Task1 curiosity about the process of fruit ripening. ]
Watch the demonstration and answer the following questions:
1. What do you observe in the overripe banana?
2. What do you think might have happened during the banana ripening process?
3. Based on your daily-life experience, what other changes might have occurred during the ripening

of banana?

/ Notes for teachers

e Ripening is a catabolic process that involves a lot of biochemical process and
physiological changes.

e Black spots are visible on the skin of a banana as it becomes overripe. Under
ultraviolet light in darkness, a fluorescent blue ring can be observed around
each black spot. This is formed from the breakdown of chlorophyll during the
ripening process.

e This can be used as the basis for investigative practical work activities, where
students are challenged to hypothesize about what they observe and the reasons
for their observations.

e The website https://www.saps.org.uk/teaching-resources/resources/1306/why-

do-bananas-fluoresce-an-unexpected-view-of-chlorophyll/ provides an
K excellent resource related to this topic. /
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Stage ® Designing the investigation

Student Worksheet 2

Notes to teachers

e Teachers can distribute Worksheet 2 and instruct students to design their
experimental set-ups.

e Teachers can show students the materials and apparatuses to facilitate their
design.

Task 2
e Read the following information and answer the questions that follow.

Scenario

Godfrey bought some bananas. He ate a green one and complained that it tasted flat. His biology teacher
told him that green bananas are not yet ripe and suggested to Godfrey that he should store the bananas
and eat them until the bananas turn yellow. Godfrey ate the bananas that were stored for different days
and noticed that the bananas that were stored longer tasted sweeter.

Godfrey wondered why bananas become sweeter when they ripen further. He hypothesized that
biochemical changes occur during the ripening process (Figure 1).

To test this hypothesis, he investigated how the starch and sugar contents of bananas changed with the
degree of their ripeness.

Figure 1. Godfrey’s hypothesis about the biochemical process that make ripe bananas sweeter than
unripe bananas
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Design an investigation to test Godfrey’s hypothesis using the following materials:

Unripe bananas

Muslin cloth

Mortar and pestle

Benedict’s solution

Filter funnel

Water bath

DCPIP solution

Protein test paper

Todine solution

Measuring cylinder Beaker Test tubes
Refrigerator Wash bottle with Electronic balance
distilled water
Knife White tile

L~
The diagrams provide visual
scaffolds to help students
understand the materials and
apparatuses for the investigation.
Students need to choose the relevant
materials for the investigation.

7>
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Teacher Notes 1

4 )

Notes for teachers

e The following are some questions that teachers may use to guide students in
thinking about or assessing scientific inquiry skills related to their
experimental designs.

e Student work samples are shown below to illustrate possible student thinking

\ to some questions. j

Possible questions
1. (a) Propose a hypothesis to explain wiy bananas become sweeter when they ripen.
(b) If Godfrey’s hypothesis is correct, what are the predicted results of the experiment?

2. Below are two suggestions from Godfrey’s classmates:

Mary: Use the same banana, cutting a slice of banana on different storage days for testing.
Tom: Use different bananas stored for different days for testing.

Discuss the strengths and limitations of each design.

Strength Limitation

Mary’s
design

Tom’s
design

4 )

Notes to teachers

= Q.1(a) and (b) assess students’ ability to propose a hypothesis and make predictions
based on their hypothesis.

= Q.2 assesses students’ ability to identify the strengths and limitations of alternative
designs (i.e. within and between subject designs).

- J
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The following are some examples of students’ responses to Q.1(b):

Sample 1

Do bider  t  fosee  oE fipress o F  tk bawm, U
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Sample 2
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4 )

About the samples

e Sample 1 did not describe the results of the chemical tests. Instead, it describes
the inference from the results of the tests.

e Sample 2 described the predicted results without relating them to which
samples.

e Sample 3 correctly described the predictions of the results of the Benedict’s test
but did not mention the predictions about the iodine test.

k e Sample 4 mentioned both tests, but the predicted results were unclear. /
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Stage ® Carrying out the investigation

~

k e Scan the QR code to view the process of the experiment.

Laboratory Manual

Notes for teachers

e Teachers can distribute the manual for students to read and prepare before
the investigation.

e Teachers can provide students with videos demonstrating how to perform
the food tests before they carry out the experiment. These instructional
videos can be easily sourced from textbook publishers’ audio-visual
resources.

e Teachers can ask questions to check if students fully
understand the procedures.

e The Supplementary Resource section contains the list of
materials.

Task 4

Read the following procedures to carry out the investigation.

Procedure

Preparation of the banana samples

Sk =

7.

Label the bananas with a storage duration of 0, 2, and 4 days as samples A4, B, and C, respectively.
Weigh 10 g of banana sample 4 using an electronic balance.

Put the sample into a plastic bag.

Add 20 mL of distilled water, and seal the plastic bag.

Mash the banana in a plastic bag to a pulp.

Filter the mashed materials through a double layer of moist muslin cloth over a filter funnel and
collect the filtrate (i.e., the extract) in a 100-mL beaker.

Repeat Step 2 and Step 3 with the other two banana samples.

Test for reducing sugar: Benedict’s test

8
9
1
1
1

. Add 1 cm’® of filtrates of each banana sample into three test tubes.

. Add 2 cm?® of Benedict’s solution to each tube. Shake the contents gently to mix well.

0. Place the test tubes in the mini water bath.

1. Wait for 5 minutes, and shake the test tubes at intervals.

2. Observe and compare any colour changes in the solution and the amount of precipitate formed.

Test for starch: lodine test

1
1
1

3. Cut a slice of banana from each banana sample on a white tile.
4. Add 10 drops of iodine solution to the samples with the dropper bottle.
5. Observe and compare the intensity of the blue-black colour.
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Notes for teachers \

e A plastic bag can be used for mashing the banana, which saves time compared to
grinding the banana using a mortar and pestle.

o Test tubes can be replaced with glass vials or microcentrifuge tubes.
Teachers may ask students to take photographs of their experimental results.
These photographs can then be used by students to check if their results match
their initial predictions, and can also be shared with their classmates.

- J

Padlet is a real-time collaborative web
platform that allows students to share
photographs, text, and other content
with their peers.
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Stage @ Explaining and evaluating data

Teacher Notes 2

-

-

~

Notes for teachers

e The following are possible questions that teachers can use to guide students in
thinking about or assessing their scientific inquiry skills related to data
analysis and interpretation.

e Student work samples are shown below to illustrate possible student thinking
to some questions.

J

Task 5

Possible questions

1.

2.

Based on the data obtained, evaluate whether the proposed hypothesis is supported.

Ada found that reducing sugars could not be detected in all the banana samples. She believed that
this was because the ripening process was too slow and that 4 days were not enough for the
ripening process. How would you change the experimental design to verify if her thought was
right?

Tick ‘v’ the correct box below and explain your choice.

Modification:
O Repeating the experiment with bananas stored for 0, 1, 2, 3, and 4 days.
O Repeating the experiment with bananas stored for 0, 4, and 8 days

My explanation:

Your classmate found that the banana samples that ripened after 2 days and the samples that
ripened after 4 days had similar colour intensity and gave a similar amount of precipitate in the
Benedict’s test, based on visual inspection.

What would you suggest him to do to more accurately determine if there is a difference in the
amount of reducing sugars in the two samples? Explain your answer.

-

Notes for teachers \

e Q.1 assesses students’ ability to evaluate whether the hypothesis is supported,
refuted or remains undetermined according to the data.

e (.2 assesses students’ ability to suggest further data collection to address the
limitations of the experimental design.

e Q.3 assesses students’ ability to suggest valid improvements to reduce the
measurement errors.

J
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The following are some

Sample 1

Sample 2

Sample 3

examples of students’ responses to Q.2:

About the samples

Sample 1 incorrectly believed that using a narrower range and interval of the
independent variable could produce positive Benedict’s results even though the
bananas had not yet ripened.

Sample 2 correctly suggested lengthening the duration of the storage of the
banana which could provide more time for the ripening process.

Sample 3 further suggested comparing the amount of precipitate in the sample
from Day 8 and that in the sample from Day 4.

~

/
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The following are some

Sample 1

Sample 2

Sample 3

examples of students’ responses to Q.3:

/ About the samples \

Sample 1 incorrectly believed that increasing the volume of the Benedict’s test
and lengthening the time for the Benedict’s test could more accurately detect the
minute differences in the amount of reducing sugars. Note that the protocol used
excess Benedict’s solution and heated the samples sufficiently.

Sample 2 suggested an alternative strategy, the use of a colorimeter to detect the
differences in the samples.

Sample 3 provided two alternative methods. The sample could further improve by
providing an explanation for why these methods are more sensitive in detecting

the differences. /
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Supplementary Resources

Possible Modifications

1.

Preparation of temporary microscope slides of unripe and
ripe banana samples

Investigating the ripening process of bell peppers

Gently smear samples of the unripe and ripe bananas onto

separate microscope slides.

(Do not use a knife in order to avoid spilling the cellular Ripe
contents.)

Instruct students to examine the slides under the microscope.

See Tamarkin (2015) for a detailed description.

Unripe

Green, yellow, and red bell peppers are the same vegetable at

different stages of ripeness. Green peppers are unripe while red peppers are fully ripened. Yellow
peppers fall somewhere in the middle of the ripening process.

Bell peppers can be used to study the biochemical changes that occur as a result of the ripening
process (e.g., changes in vitamin C, reducing sugar and enzyme content [e.g., catalase]).

See Olegdzki & Harasym (2023) for an example.

Technician Notes

1. Materials for Task 1
| Handheld UV light torch | Overripe banana Black box
2. Materials for Task 4

Materials for each group

Banana from day 0 Electronic balance Filter funnel

Banana stored for 2 days Plastic bag 100 mL beaker

Banana stored for 4 days Muslin cloth Test tubes

Benedict’s solution Mini water bath Iodine solution (dropper bottle)
White tile Knife Autopipette (P-1000)
Autopipette tip (P-1000) Rubbish bin

References

Olegdzki, R., & Harasym, J. (2023). Boiling vs. microwave heating—The impact on physicochemical
characteristics of bell pepper (Capsicum annuum L.) at different ripening stages. Applied

Sciences, 13(14), 1-14.

Tamarkin, D. (2015). Exploring carbohydrates with bananas. The American Biology Teacher, 77(8), 620—

623.
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) Lipase Inhibitor Investigation

Overview

The Lipase Inhibitor Investigation is about the search for an anti-obesity agent. Students investigate the
inhibitory effects of different types of bitter melon seed extracts on lipase activity using the milk—pH
indicator system (Royal Society of Biology Nuffield Foundation, 2019).

Students are given the opportunity to design and carry out experiments in which they set up controls,
consider the need for replicates, and identify limitations of using visual inspection to determine the end
point of a reaction and an in vitro system to study the effects of the seed extracts on enzyme activity in vivo.

Teaching Plan & Key Features

Prerequisite knowledge (scientific ideas)
e Food substances and energy requirement in humans
e Digestion and absorption of fats in humans

Prerequisite manipulative skills
e Using an autopipette to transfer a small volume of solution

Lesson Lesson sequence Duration Resources
(mins)

Stage 0 Preparing for the investigation
e [tis situated in an authentic context related to the search for anti-obesity drugs (Contextualisation).
e  Students read information about the background of the investigation (Reading Materials).

Before e The teacher distributes Worksheet 1 for students to complete at home so Worksheet 1
Lesson 1 that they can be familiar with the background of the investigation.
1 e The teacher discusses the investigation context with 40 Worksheet 2
students.
e The teacher provides feedback on students’ responses in
Worksheet 1.
e  The teacher distributes Worksheet 2 for students to
complete at home.

Before e The teacher distributes Worksheet 2 for students to complete at home. Worksheet 2
Lesson 2
Stage ® Designing the investigation
e Students interact with a virtual laboratory to familiarise themselves with the materials and apparatuses they
would use in the investigation (Virtual Laboratory).
e Students use a template to design their own experimental set-ups (Investigation Planning Template).
e Students have the chance to evaluate their own and their peers’ experimental set-ups (Self & Peer

Evaluation).
2 e Teacher provides feedback on students’ experimental 40 Student Samples 1
designs in Worksheet 2.
3 e The teacher discusses with the students some questions 40 Teacher Notes 1

related to the experimental design.
e The teacher provides students with laboratory manual for
preparation at home.

Innovations in Biology Investigations 2.5-1



Stage © Carrying out the investigation
3 Students use microscale instrumentation that reduces the time of the experiments (Microscale
Instrumentation).
3 Students collect more complex data sets by setting up replicates (Complex Data Set).
° Students use camera to collect data (Digital Tool).
4 e Teacher asks questions to help students connect their lab 40 Laboratory
experience and related ideas/scientific inquiry skills. Manual
_ o Students carry out the investigation.
Stage @ Explaining and evaluating data
. Students use Google Sheet for data recording and manipulation (Digital Tool).
° Students use data to identify seed extracts with the highest inhibitory effect on lipase activity.

o Students considering the limitations of using an in vitro system to study the effects of the seed extracts on
enzyme activity in vivo.
Before e Students complete data reporting and analysis at home. Teacher Notes 2
Lesson 5 e  Teacher collects and marks student responses.
5 e  Teacher provides feedback on students’ performance 40 Teacher Notes 2
related to data reporting and analysis.

Important Notes

e Students are not required to learn the detailed mechanism of enzyme inhibition. Rather, they are expected
to use data to support their claims about the inhibitory effect.

e Students should avoid skin contact with the solutions and quickly rinse any splashes of lipase solution or
sodium carbonate from their skin.

Innovations in Biology Investigations 2.5-2



Instructional Materials

Stage @ Preparing for the investigation

Student Worksheet 1

Notes for teachers

e The teachers can distribute Worksheet 1 and ask students to read the
background information related to the investigation at home.

e Students’ responses can be collected using a Google Form.

Task 1
e Read the following information and source materials in the Data File.
e Answer the questions that follow.

Obesity is a major risk factor of cardiovascular diseases, musculoskeletal disorders, and some cancers.
According to the World Health Organization, approximately 650 million adults were obese, and more
than 1.9 billion were overweight in 2016.

Orlistat is a drug approved by the United States Food and Drug Administration for the long-term
treatment of obesity; it inhibits lipase activity in the alimentary canal. Orlistat reduces the absorption of
dietary fat in the human body. However, it may cause side effects such as gastrointestinal discomfort.

Scientists are now searching for natural alternatives as anti-obesity drugs. Read the information in the
Data File to familiarise yourself with the investigation background.

ﬁ Scan the QR code to get a copy of the Google Form.

Teachers can diagnose students’ difficulties in
understanding the relevant content and methods for
measuring lipase activity, and then provide
feedback before students design the experiments.

Innovations in Biology Investigations




Data File

Your biology teacher asks you to read the following source materials to prepare you to design a scientific
investigation related to lipase activity:

Source 1:

Most dietary fats are made up of triglycerides. Dietary fat cannot be directly consumed by the human body
and must be digested for absorption. Fats consumed by the human body are digested by lipases in the
alimentary canal and broken up into smaller molecules, fatty acids, and glycerol for absorption into the
body. Figure I shows the action of lipases in fat absorption in the human body.

Figure 1. Metabolic pathways related to fats in the human body

Lipase inhibitors are substances that can inhibit lipase activity by reducing the breakdown of fats and their
absorption into the human body.

Innovations in Biology Investigations




Source 2:

Student scientists in Hong Kong discover anti-obesity agents
present in bitter melon seed extract

Some plant tissues contain lipase inhibitors such as polyphenols and saponins.

A team of secondary school student scientists screened more than 60 plant
samples to identify natural inhibitors that effectively reduce pancreatic lipase
activity in vitro. They performed a simple experiment using whole milk and an
alkaline solution containing a pH indicator (which is blue at alkaline pH values
and yellow at acidic pH values). They first prepared different seed extracts by
grinding the seeds with a pestle in a mortar using water and a
spoonful of sand.

ﬁ Scan the QR code to access the material used by the
student scientists.

The plant extract was then incubated with alkaline pancreatic lipase containing the pH indicator for 5
minutes. After adding whole milk to initiate fat digestion, the time taken for the

reaction mixture to change colour from blue to yellow was recorded. The

recorded data were then used to determine the activity of the pancreatic lipase

preincubated with different plant extracts.
(=],

The student scientists’ findings revealed that bitter melon (Momordica charantia) seed extracts contain

ﬁ Scan the QR code to watch their investigation.

pancreatic lipase inhibitors. Their findings show potential for addressing the global obesity problem.

Answer the questions below affer reading the source materials:

(a) Explain why inhibiting the lipase activity in the alimentary canal can help reduce body weight.

(b) In which part of the alimentary canal can you find pancreatic lipase? Explain the conditions that favour
the pancreatic lipase activity in this part.

(c) Whole milk contains triglycerides. Write a word equation to show the actions of pancreatic lipase on
triglycerides in whole milk.

(d) Explain why whole milk containing an alkaline solution and the pH indicator described in Source 2
would turn from blue to yellow after the addition of pancreatic lipase.

() How is the time taken for the alkaline solution to turn from blue to yellow related to the rate of lipase
activity?

(f) After reading the source material, propose one investigation question related to the material you have
read.
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Stage ® Designing the investigation

Student Worksheet 2
/ Notes for teachers \

e After discussing with students their responses in Worksheet 1,
teachers can distribute Worksheet 2 and ask students to design E. iy
the investigation at home.

e An Investigation Planning Template can be provided to

students.
e Student work samples are shown below to illustrate possible
student thinking.
k e Scan the QR code to get a copy of the Google Form. /

Task 2
e Answer the questions that follow.

Scenario

Bitter melon (Momordica charantia) belongs to the Cucurbitaceae family. Different varieties of bitter
melons have different shapes and bitterness. The Cucurbitaceae family is composed of different types of
melons.

Your biology teacher asks you to design an investigation to compare the inhibitory effect of the seed
extracts of three different types of melons within the Cucurbitaceae family on pancreatic lipase. The goal is
to identify the seed extract sample with the highest inhibitory effect on pancreatic lipase activity.

You received the following materials:

Alkaline solution containing a pH Glass vials Test sample 1 [Bitter melon 1
indicator (blue under alkaline pHs (Momordica charantia) seed
and yellow under acidic pHs) extract]
Pancreatic lipase Timer Test sample 2 [Bitter melon 2
(Momordica charantia) seed
extract]
Orlistat (a drug that inhibits Distilled water Test sample 3 [Angled Luffa
pancreatic lipase) (Luffa acutangular) seed
extract]
Whole milk Tablet (to be used as a camera) Tablet stand
Autopipette Autopipette tips

O 150

The virtual laboratory provides
students with opportunities to get
familiar with materials used in
the investigation.

ﬁ Scan the QR code to view the materials.

Innovations in Biology Investigations 2.5-8



(a) Briefly describe how you would use the materials to design an investigation to achieve the aim. You can
also draw your experimental design.
(For this purpose, the Investigation Planning Template may be helpful.)

N

The Investigation Planning Template
provides a structured framework and
scaffolding to help students express their
design decisions.

Brief explanation of my design:

ﬁ Scan the QR code to get a copy of the Investigation Planning Template.

Innovations in Biology Investigations
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Student Samples 1 (Worksheet 2

Notes for teachers \

e After collecting students’ designs, teachers can select student drawings
(anonymised) for discussion.

e The following shows three samples with varying sophistication in responses.
Some guiding questions can be included to facilitate students’ evaluation of

\ experimental designs. )

Examples of students’ experimental designs

Gssible guiding questions \

e  Which design(s) accurately represent the independent variable and provide methods for
manipulating it? Why does your group think so?

e  Which design(s) accurately represent the dependent variable and specify the parameters for
measuring it? Why does your group think so?

e  Which design(s) demonstrates the correct sequence for adding the chemicals? Why does your
group think so?

e Which design(s) incorporate the appropriate control set-up(s), if necessary? Why does your group
think so?

e What are the ways to enhance the designs to ensure that the data collected are accurate and

\ reliable? J

Design ©:
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Design ©:
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Design © :

\

Notes for teachers

e Teachers can capture and represent
student thinking using public
displays (e.g. whiteboards) and then
work with students to explore their
divergent thinking.

- /
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Teacher Notes 1

/

.

\

Notes for teachers

e After receiving feedback on their experimental designs, the following shows
questions that teachers may use to guide students in thinking about and assessing
the scientific inquiry skills related to their experimental designs.

e Student work samples are shown below to illustrate possible student thinking to
some questions. /

Task 3

Possible questions

1.

The following shows two methods to measure the dependent variable:

Method A: Record the colour of the alkaline solution containing the pH indicator in
glass vials, both with and without the test samples, after 10 min.

Method B: Measure the time it takes for the colour of the alkaline solution containing
the pH indicator to change (i.e. reach the end point) in the glass vials, both

with and without the test samples.

Your teacher suggests that you should use Method B.

(a) What is the limitation of using Method A to compare the inhibitory effects of different
types of seed extract on pancreatic lipase activity?

(b) Explain how the inhibitory effects of different types of seed extract on pancreatic lipase
can be compared using Method B.

Jeffrey proposes two methods for setting up a control to compare the degree of inhibition on
alkaline lipase activity:

Set-up A: Replacing the test samples with orlistat.

Set-up B: Replacing the alkaline lipase with boiled alkaline lipase in the glass vials
containing the test samples.

Which set-up, 4 or B, enables a more accurate determination of the degree of inhibition? Explain

your answer.

(Put a ‘v in the appropriate box.)

I will choose O Set-up A 0O Set-up B

The reasons:

Notes for teachers
= Q.1 assesses students’ ability to connect the methods of measurement to the
dependent variable and the limitations related to the measurement method.
= (.2 assesses students’ ability to set up the control and explain its function.
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The following are some examples of students’ responses to Q.1(a):

Sample 1

Sample 2

Sample 3

About the samples

e Sample 1 incorrectly cited the limitation arising from the subjectivity of colour

judgment, a limitation inherent in both methods.

Sample 2 correctly identified the limitation but lacked details whereas Sample
3 provided a detailed explanation, such as the absence of colour difference
k because all lipids were digested within the specified time frame.

Innovations in Biology Investigations
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Stage ® Carrying out the investigation

Laboratory Manual

/ Notes for teachers

e Itis suggested that seed extracts are prepared for students.
See the Supplementary Resource section for the protocol.

e Students may also be asked to prepare the seed samples. If
so, one more lesson will be required.

e Teachers can distribute the manual for students to read and
prepare before the investigation.

e Teachers can ask questions to check if students fully
understand the procedures.

e The Supplementary Resource section contains the list of
materials.

K e Scan the QR code to view the process of the experiment. /

Task 4
= Read the following procedures to carry out the investigation.

Procedure

Determining the inhibitory effects of seed extracts

1. Use your mobile phone/tablet to start recording a video.

2. Label 15 vials (A1-3 to E1-3).

3. Add the seed extracts/orlistat/distilled water, alkaline solution containing the pH indicator, and
pancreatic lipase into the vials, according to the following table:

Vial Sample Alkaline solution Pancreatic lipase (mL)
(mL) containing the pH indicator
(mL)
A Seed extract 1 1 2 2
B Seed extract 2 1 2 2
C Seed extract 3 1 2 2
D Orlistat 1 2 2
E Water 1 2 2

Incubate the vials at room temperature for 5 minutes.

Add 3 mL of whole milk to the vials, and shake the vials well.

Start the timer.

Shake the vials occasionally.

Repeat Steps 4-8 two more times.

Stop the video recording when the colour of the solution in all of the vials turns yellow from blue.
0 Fill in the data in the Google Sheet.

Se e

The Google Sheet helps
students process and
visualise the data they
collected.

ﬁ Scan the QR code to get a copy of the Google Sheet.
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Stage @ Explaining and evaluating data

Teacher Notes 2

-

.

~N

Notes for teachers

e The following are possible questions that teachers can use to guide students in
thinking about or assessing their scientific inquiry skills related to data analysis
and interpretation.

e Student work samples are shown below to illustrate possible student thinking to
some questions.

J

Task 5

Possible questions

1.

™

98]

Plot a graph to show the effect of the seed extracts on pancreatic lipase activity.
Consider the following questions when plotting the graph:

. Which type of graph (bar graph, line graph, pie chart, etc.) would you choose? Why?
. Which axis (x-axis/y-axis) should contain the independent variable?

. Which axis (x-axis/y-axis) should contain the dependent variable?

. What would be a suitable title for your graph?

Some reminders are added to guide
students in constructing graphical
representations appropriately.

Boris found that an outlier was present in a replicate of one of the test samples. Suggest one
possible reason for why this occurred.

Your classmate claims that the seed extract that showed the highest inhibitory effect on pancreatic
lipase in this investigation should be used as an anti-obesity drug.

Discuss whether you agree with this claim.
(Put a ‘v’ in the appropriate box.)

O Agree
O Disagree

Suggest one new investigation that needs to be conducted before the seed extract(s) can be used as
an anti-obesity drug.

Notes for teachers \
e Q.1 assesses students’ ability to construct appropriate graphic representations.
o (.2 assesses students’ ability to propose reasons to explain the occurrence of an
outliner.
e (.3 assesses students’ ability to identify the limitations of the generalisability
of the results from an in vitro to an in vivo system.
e (.4 assesses students’ ability to generate a new investigation question that
extends the present investigation. /
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The following are some examples of students’ responses to Q.1:

Sample 1

Sample 2

Innovations in Biology Investigations



About the samples:

e Sample 1 mistakenly used a line graph for data presentation while Sample 2
correctly used a bar chart to present the data. A bar chart is appropriate as the
independent variable is the type of seed extract, which is a categorical variable.

e Sample 1 also has a proper title and labelling of the x and y axes.

The following are some examples of students’ responses to Q.2:

Sample 1

Sample 2

Sample 3

4 )

About the samples

e Sample 1 proposed a reason that was not sufficiently convincing in explaining
the occurrence of the outlier.

e Sample 2 proposed a plausible reason for the occurrence of the outliers but
lacked a detailed explanation.

e Sample 3 not only provided a plausible reason but also offered a more thorough

K explanation. /
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The following are some examples of students’ responses to Q.3:

Sample 1

Sample 2

4 )

About the samples

e Both samples correctly disagreed with the claim. Both samples identified the
limitations of generalising results produced in an in vitro system to the in vivo
conditions.

e Sample 2 further provided an explanation for the difference between the in vivo and

in vitro conditions.
\ %
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The following are some examples of students’ responses to Q.4:

Sample 1

Sample 2

Sample 3

About the samples

e All the samples were able to generate a new investigation question that expanded
upon the current investigation. However, the question posed by Sample 1 was
somewhat vague.
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Supplementary Resources

Possible Modifications

1.

Using immobilised lipase beads to investigate lipase activity

e Lipase can be immobilised using 3% sodium alginate solution. Immobilised lipase beads can
be used to study lipase activity using a milk—pH indicator system.

e The following shows the sample results of the investigation that examined the effect of
increasing the number of lipase beads on the digestion of milk.

e See Chan et al. (2024) for procedures of how to make immobilised enzyme beads.

Technician Notes

1.

Materials for Task 4

Preparation of seed extract

1
2
3.
4.
5
6.

Weigh 2 g of seeds using an electronic balance.

Place the seeds in a mortar and pestle.

Add a spoonful of sand.

Add 10 mL of distilled water.

Grind the seeds into powder.

Filter the extract/Centrifuge the extract at top speed (13, 500 rpm) to obtain the supernatant.

(A grinder can be used to grind the seeds.)

Chemicals to be prepared

Alkaline solution with a pH indicator (a master mix comprising 100 mL of 2% sodium carbonate
[2 g of sodium carbonate in 100 mL distilled water] and 200 mL of 0.04% bromothymol blue [0.1
g of bromothymol blue in 16 mL of 0.01 M sodium hydroxide, with the volume made up to 250
mL with distilled water])

5% porcine pancreatic lipase (0.5 g in 10 mL distilled water)

10 mg/mL orlistat (120 mg tablet dissolved in 1 mL of absolute ethanol, with the volume made up
to 12 mL with distilled water)
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Materials for each group

e  Whole milk (>35 mL) e Vials X 15 e Tablet stand

e Distilled water (>3 mL) e Timer e Tablet/mobile phone

e Seedextract 1 to3 (>3 mL) | e Orlistat (>3 mL) e Rubbish bin

e Autopipette (P-1000) e Autopipette tips (P-1000) e Labels

e Pen e Alkaline solution with a pH e Pancreatic lipase
indicator (>30 mL) solution (>30 mL)

References

Chan, K. K. H., Ho, D. T. S., & Lau, D. S. P. (2024). Using amylase beads to investigate factors affecting
enzyme activity. The American Biology Teacher, 86(3), 153—160.

Chan, P. C., & Chan, K. K. H. (2023). Inquiry on a potential anti-obesity agent: Investigating pancreatic
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Royal Society of Biology Nuffield Foundation. (2019). Investigating effect of temperature on the activity
of lipase. https://practicalbiology.org/bio-molecules/factors-affecting-enzyme-
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Photosynthesis Inhibitor Investigation

Overview

e This Photosynthesis Inhibitor Investigation is about determining the mode of action of different
herbicides.

Students perform the leaf flotation method (Cookson & Price, 1982) to study the effect of herbicides
on the photosynthesis of leaf discs (Hill & Steucek, 1985; Zemedkun et al., 2019).

Students are given the opportunity to design and carry out experiments in which they consider the
accuracy and reliability of methods of measuring the dependent variable, pooling class data, and the
limitations of the methods in determining the mode of action of the herbicides.

Teaching Plan & Key Features

Prerequisite knowledge (scientific ideas)
® The process of photosynthesis
e The relationship between photosynthesis and respiration

Lesson Lesson sequence Duration Resources
(mins)

Stage 0o Preparing for the investigation
e Students read information to familiarise themselves with the background of the investigation (Reading

Materials).
o Student questions about the Reading Materials are addressed in class (Diagnostic Assessment).
Before e  The teacher distributes Worksheet 1 for students to complete at home Worksheet 1
Lesson 1 for them to be familiar with the background of the investigation.

e  The teacher collects student questions about the investigation context
using a Google Form.
1 e The teacher addresses student questions about the 40 Student Samples 1
_ investigation context in a Google Form.
Stage @ Designing the investigation
o Students physically interact with the materials and apparatuses before designing the investigation.
2 e The teacher discusses with students questions related to 40 Teacher Notes 1
their experimental designs.
e  The teacher provides students with the laboratory manual
_ for preparation at home.
Stage © Carrying out the investigation

° Students use cameras to record data (Digital Tool).
3 e  Teacher asks questions to help students connect their lab 40 Laboratory
experience and related ideas/scientific inquiry skills. Manual

_ e Students carry out the investigation.
Stage ® Explaining and evaluating data

. Students use data to deduce the mode of action of the herbicides (Problem Solving Task).
° Students identify the limitations of the data collected in answering the investigation question.
Before e  Students complete data reporting and analysis at home. Teacher Notes 2
Lesson 4 e The teacher collects and marks student responses.
4 e The teacher provides feedback on students’ performance 40 Teacher Notes 2
related to data reporting and analysis.

Important Notes

e Students should wear safety goggles and lab coats during the experiment.
e Students should avoid skin contact with the solutions with herbicides.
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Instructional Materials

Stage @ Preparing for the investigation

Student Worksheet 1
/ Notes for teachers . \
[=]

e Teachers can distribute Worksheet I and instruct
students to read the background information related to
the investigation at home.

e Teachers collect student questions about the
investigation using a Google Form.

e Scan the QR code to get a copy of the Google Form.

- J

Task 1
e Read the following information and source materials in the Data File.

Scenario

Herbicides, also called weedkillers, are substances used to manipulate or control unwanted plants (or
weeds). Different herbicides have different modes of action based on the mechanism by which the
herbicide controls susceptible plants. Identifying this mode of action is important for selecting the right
herbicide for each crop.

In this investigation, you will collect data to determine the modes of action of three herbicides.

Read the information in the Data File to familiarise yourself with the context. You will use your
biological knowledge of photosynthesis and the design of valid and reliable experiments, as well as the
information in the Data File to complete this investigation.

Complete the Google Form after you have read the Data File.

Questions in the Google Form

(a) Self-assess your understanding about the information in the Data File.
e (O—Idon’tgetit.
o I-1 kmc,l of get it. .. Students self-assess their understanding of
e 2-Tgetit, but I need help to explain it. the reading materials and raise questions.
e 3 —Igetit, and I can explain it. Teachers can then address students’
e 4-1getit, and I can teach it to my friends. difficulties based on their responses.
(b) List at least one question you have about the investigation.
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Data File

Your biology teacher asks you to read the following source materials to prepare yourself for designing an
investigation related to the study of herbicides.

Source 1: Mode of action of herbicides

Herbicides are chemicals that prevent or stop the normal growth and development of weeds. Herbicides
can increase crop yield. However, improper use can lead to crop inquiry, herbicide-resistant weeds,
health risks, and environmental damage. Herbicides have different modes of action based on the
mechanism by which the herbicide disrupts the normal growth and development of susceptible plants.
Three common modes of action can be distinguished:

(1) Cell division inhibitors

e This group of herbicides inhibits cell division and new growth. For example, some herbicides
interfere with the process that leads to the correct arrangement of chromosomes during cell
division. This group of herbicides can stop cell division at the root and root tips.

(2) Photosynthesis inhibitors

o These herbicides inhibit photosynthetic pathways. For example, some herbicides bind to an electron
carrier involved in the light-dependent stage of photosynthesis. This interrupts the electron
transport chain and thus the production of NADPH and ATP. These herbicides are often used when
the weed has already germinated and developed photosynthetic activity.

(3) Synthetic plant growth regulators

e This group of herbicides mimics plant growth regulators. For example, some herbicides mimic the
action of auxins. When these herbicides are applied to the leaves, they are transported to the
meristems and cause uncontrolled growth. Other longer-term effects include leaf discolouration.
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Source 2: Testing for photosynthesis inhibitors

What is the leaf flotation method?
e The leaf disc flotation method is a simple and quick way to identify photosynthesis inhibitors
using leaf discs. If a photosynthesis inhibitor is present in the test
solution, oxygen production is slowed down or stopped because
the process of photosynthesis is inhibited, and the leaf discs do not
float/float more slowly.

How is the leaf flotation method performed?

e [Leaf discs are punched from fully expanded leaves. The leaf discs
floating on the test solutions in a beaker are infiltrated under
vacuum for 5 minutes to remove the air in the air spaces of the
leaf discs.

ﬁ Scan the QR code to see how leaf discs are
vacuumed.

The beaker is then illuminated with a light source.

How can we compare the inhibitory effect of different photosynthesis inhibitors?

e The time it takes for a leaf disc to float to the surface of the test solution is an indicator of the
photosynthesis rate of that leaf disc. As there are individual differences between leaf discs, some
leaf discs float faster, while others float later.

ﬁ Scan the QR code to see what happens to leaf discs under light
illumination.

e The time that passes until 50% of the leaf discs float is called ET50. At this point, 50% of the leaf
discs are floating. The time it takes for half of the leaf discs to float to the surface of the medium
can be compared with that of the control. This ratio is called the retardation index (RI).

How can the validity and reliability of the method be improved?
e All treatments should be repeated. Each replicate should consist of 10 or more leaf discs. The
experiment should include a control to which no photosynthesis inhibitor is added.
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Student Samples 1 (Worksheet 1

Notes for teachers

e Teachers can address students’ questions about the investigation context.

o The examples of student questions show that students struggle to understand
certain terms related to scientific inquiry. Instead of telling students the
definitions of the terms, teachers can use examples related to the present
investigation to explain the ideas.
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Stage ® Designing the investigation

Teacher Notes 1
/ Notes for teachers \

e After addressing the student questions, teachers can show students the
materials and apparatuses to facilitate their design. See the Supplementary
Resource section for a list of materials.

e There are some questions that teachers may use to guide students in thinking
about or assessing the scientific inquiry skills related to experimental designs.

e Some student work samples are shown below to illustrate possible student

\ thinking to some questions. /

Task 2

Scenario

Herbicides, also called weedkillers, are substances used to manipulate or control unwanted plants (or
weeds). Different herbicides have different modes of action based on the mechanism by which the
herbicide controls susceptible plants. Identifying the mode of action of herbicides is important for
selecting the right herbicide for each crop.

In this investigation, you will investigate the effect of three different herbicides on the photosynthesis
of leaf discs. This information can help you determine the mode of action of the three herbicides.

You are given the following materials:

25-mL Beaker

e  Vacuumed spinach leaf discs |

25-mL Measuring cylinder o

e Table lamp

1% Sodium
hydrogencarbonate solution

1% Sodium
hydrogencarbonate solution

with herbicides X, Y, and Z

e Timer e Forceps
Possible questions
1. Explain whether each of the following modifications can shorten the time of the experiment:
Yes | No Your reasons
(a) Use a table lamp with higher O O
light intensity
(b) Use a larger volume of sodium O O
hydrogencarbonate solution

Investigations
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2. Your biology teacher advised the class to put 10 leaf discs in each beaker and measure the time for the
leaf discs to rise. The following shows the conversation between your classmates about how to
measure the time:

Measuring the time for each of the 10 leaf discs to rise to the
surface of the sodium hydrogencarbonate solution and taking the
average.

Paul

Jane

Measuring the time for 5 of the 10 discs (50%) to float to the
surface of the sodium hydrogencarbonate solution.

(a) Explain why the method proposed by Paul can enhance the reliability of the results.
(b) Explain why the method proposed by Jane is more accurate than that proposed by Paul.

3. The retardation index (RI) refers to the ratio between the time it takes for half of the leaf discs to
float to the surface in a solution containing a herbicide to the time taken by the control (a solution
without herbicide).

Time for the leaf discs to float to the
RI = surface in a solution with a herbicide
Time for the leaf discs to float to the

surface in a solution without a herbicide

Explain how the RI can be used to determine the effect of three herbicides on the photosynthesis of
leaf discs.

/ Notes for teachers \

e Q.1 assesses students’ understanding of the factors that can affect the rate of
photosynthesis of the leaf discs.

e .2 assesses students’ ability to explain the strategy for averaging the effect of
variations within a sample and identify the strengths and limitations of the
alternative measurement method of the dependent variable.

e Q.3 assesses students’ ability to relate the RI to the dependent variable and apply

\ their biological knowledge about photosynthesis. /
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The following are examples of students’ responses to Q.2(a):

Sample 1

Sample 2

Sample 3

Sample 4

/ About the samples \

e Sample 1 only addressed the concept of sample size but did not explain how a
larger sample size can lead to more reliable data.

e Sample 2 incorrectly stated that the effect of the extreme cases would be
eliminated. In fact, the influence of the extreme cases can be averaged out
rather than eliminated.

e Sample 3 conflated including more samples within each trial with repeating
the entire experiment.

e Sample 4 more clearly explained the variability in photosynthesis rate across
different leaf discs, and how taking the average would allow the effect of

k these individual differences to be averaged out. /
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The following are examples of students’ responses to Q.2(b):

Sample 1

Sample 2

Sample 3

(b) Explain why the method proposed by Jane is more accurate than that b&f Paul.
v St
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/ About the samples \

e Sample 1 did not clearly explain how using data with less variability can result
in more accurate data.

e Sample 2 incorrectly stated that the method can eliminate the extreme cases.
Indeed, this method does not disregard the extreme data points as the time for the
first five leaf discs to rise to the surface of the solution is still measured.

e Sample 3 correctly noted that eliminating extreme data points can lead to results
that are closer to the true underlying value, by reducing the distorting effect of

\ outliers. /
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Stage ® Carrying out the investigation

Laboratory Manual

/ Notes for teachers \

\ e Scan the QR code to view the process of the experiment. /

e Teachers can distribute the manual for students to read and
prepare before the investigation.

e Teachers can ask questions to check if students fully
understand the procedures (e.g., how would you position
the table lamp and the beakers? Why?).

e The Supplementary Resource section contains the list of
materials.

Task 3

Read the following procedures to carry out the investigation.

Procedure

1.

PN BN

e

12.

Cut at least 40 leaf discs from the green leaf of the spinach plant (Spinacia oleracea) with a hole
punch. (Avoid the main leaf veins.)

Place the cut leaf discs on moist tissue paper to prevent them from drying out during preparation.
Pour 15 mL of 1% sodium hydrogencarbonate solution into a plastic cup.

Place at least 10 leaf discs in the plastic cup.

Repeat Steps 3 and 4 using 1% sodium hydrogencarbonate with Herbicides X, Y, and Z, respectively.
Vacuum all the leaf discs for 1 minute.

Repeat Step 6 1 more time.

Use forceps to transfer 10 leaf discs into each 25-mL beaker containing 15 mL of the test solution and
control.

Place all beakers under the table lamp provided. Make sure that all leaf discs receive even light
intensity and heat from the table lamp.

. Switch on the lamp, and immediately start the timer.
. Record the time taken for 50% (i.e., 5 discs) of the leaf discs in each of the beakers to float to the

surface of the solution (i.e., ET50).
Obtain data from two other groups.

/ Notes for teachers \

e The vacuuming step can be done by using a syringe.

»
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Stage @ Explaining and evaluating data

Teacher Notes 2

4 )

Notes for teachers

o The following are possible questions that teachers can use to guide students in
thinking about or assessing their scientific inquiry skills related to data
analysis and interpretation.

e Some student work samples are shown to illustrate possible student thinking

to some questions.
N\ a J

Task 4 A checklist (see p.19) can help students understand
the requirements for creating a table.

Possible questions
1. Present your group and your classmates’ results using a table.
(Make sure that your table includes the retardation index and a title.)

2. Which of the following claims about the mode of action can be made?
(Put a ‘v’ into the appropriate box(es). You can choose one or more answers.)

Herbicide X is a photosynthesis inhibitor.

Herbicide Y is not a photosynthesis inhibitor but a cell division inhibitor.
Herbicide X can inhibit photosynthesis more than herbicides Y and Z.
Both Herbicides Y and Z are plant growth regulators.

SIS

O|ojono

3.(a) Which of the following ways did your group use when pooling class data:
(1) Selecting groups with data similar to your group
(2) Selecting groups randomly

Explain your reasons for why this method is appropriate:

(b) Explain why obtaining data from other groups can reduce the impact of measurement errors.

4 N

Notes for teachers

e Q.1 assesses students’ ability to record data properly and to construct a result
table that can clearly document the data.

o Q.2 assesses students’ ability to make claims based on the data available. The
method used in this investigation can only identify whether it is a photosynthesis
inhibitor but not other modes of action.

e Q.3 and Q.4 assesses students’ understanding of how to pool class data to reduce

\ the impact of errors and the explanation. /
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The following are some examples of students’ responses to Q.1:

Sample 1

Sample 2
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Sample 3

About the samples

~

e These samples show varying sophistication in terms of their ability to construct a

proper table.

e Common mistakes include the absence of titles, lack of units in the headings of the

table columns/rows, and inclusion of calculation within the table.

e The following shows a checklist that may be provided to students to guide them to

construct a table.

/Checklist on how to construct a table
1

2

Use a ruler to construct a table that presents the raw data.

Place the independent variable in the first column and the dependent variable in the
subsequent columns.
Do not include calculations in the table.

For each column, include a heading with the appropriate unit in brackets (e.g., enzyme
activity [1/min]).

Do not include units within the body of the table, only in the column headings.
Record the raw data to a number of decimal places appropriate to the resolution of the
equipment.

Record all the raw data of the same type to the same number of decimal places.
Record processed data up to one significant figure more than the raw data.

Include a title for the table.

O

O

O

O o

~
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The following are some examples of students’ responses to Q.3(a):

Sample 1

Sample 2

Sample 3

About the samples

o All the samples chose the correct strategy to pool class data. However, they
differed in the sophistication of their reasoning.

e Some samples included invalid reasons, such as including extreme data and
removing the errors (i.e., not affected by human factors) (rather than reducing the

\ impact of errors), as seen in Samples 1 and 2.

)
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Supplementary Resources

Possible Modifications

1. Sinking of floating leaf discs in darkness
e Teachers may ask students what would happen to the floating leaf discs if they are kept in
darkness for 30 minutes and ask them to provide the reasons.
e See Steucek & Hill (1985) for more information.

2. Investigating the effect of light colour on the photosynthesis of the leaf discs

e An LED (RGB light bulb) may be used to investigate the effect of light colour on the
photosynthesis of the leaf discs. See also the Cat Grass Investigation.

¢ Note that even though the effects of light colour on photosynthesis are not within the scope of
the curriculum, teachers can still ask students to investigate these effects. The focus should be
on how students use their data to construct claims about the effects based on evidence from
their data rather than on the theory behind the effects.

Scan the QR code for more information.

3. Investigating the photosynthesis of different colours.
e The set-ups can also be used to investigate the photosynthesis of leaves with different colours.

Innovations in Biology Investigations 2.6-22



Technician Notes

Materials for Task 4

Chemicals to be prepared
¢ 1% sodium hydrogencabonate solution (1 L) (Dissolve 10 g sodium hydrogencabonate in 1 L
distilled water.)
e Herbicide X (0.005% Atrazine)
e Atrazine stock solution 1 mg/mL = 0.05 g in 50 mL DMSO
e Add 50 mL of Atrazine (1 mg/mL) stock solution and 10 g of sodium hydroegncarbonate, then
make up the volume to 1 L.
e Herbicide Y (0.005% 2,4-D)
e 2.4-D stock solution 1 mg/mL = 0.05 g in 50 mL DMSO
e Add 50 mL of 2,4-D (1 mg/mL) stock solution and 10 g of sodium hydroegncarbonate, then
make up the volume to 1 L.
e Herbicide Z (0.001% DCPIP)
e Add 10 mL of 0.1% DCPIP (0.1 g in 100 mL distilled water), 10 g sodium hydrogencabonate
solution, make up to 1 L.

Materials for each group

e Hole punch e Forceps e Pen

e Spinach leaves e Petri dish e 1% sodium hydrogencarbonate

e Plastic cup X 4 e Cotton wool (moist) | e 1% sodium hydrogencarbonate
with Herbicide X

e  Vacuum pump e 25 mL beaker X 4 e 1% sodium hydrogencarbonate
with Herbicide Y

e Vacuum chamber e Timer e 1% sodium hydrogencarbonate
with Herbicide Z

Note: Select fresh spinach leaves.

References

Cookson, S. J. & Price, D. N. (1982). The leaf flotation method for measuring photosynthesis. Schoo!l
Science Review, 64(226), 84-87.

Hill, R. J. & Steucek, G. (1985). Photosynthesis: II. An assay for herbicide resistance in weeds. The
American Biology Teacher, 47(2), 99-102.

Steucek, G. & Hill, R. (1985). Photosynthesis: I: An assay utilizing leaf disks. The American Biology
Teacher, 47(2), 96-99.

Zemedkun, D., Alaparmak, H. & Apte, S. (2019). The effect of herbicides on the rates of photosynthesis
and respiration in spinach leaves. Journal of High School Science, 3(1):1-15.
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Cat Grass Investigation

Overview

The Cat Grass Investigation is situated in the context of growing cat grass indoors using artificial
lighting.

Students investigate the effect of different wavelengths of light from LED lamps on the
photosynthetic rate by measuring the rate of Hill reaction (Spencer, 2018).

Students have the opportunity to design and carry out an experiment in which they set up replicates,
consider the importance of controls, and evaluate the generalisability of the data in making claims
about plant growth.

Teaching Plan & Key Features

Prerequisite knowledge (scientific ideas)
e The process of photosynthesis
e The relationship between photosynthesis, respiration, and plant growth

Prerequisite manipulative skills
e Using an autopipette to transfer a small volume of solution

Lesson Lesson sequence Duration Resources
(mins)

Stage 0 Preparing for the investigation
e It is situated in an authentic, daily-life context related to the use of artificial lighting for growing cat grass

(Contextualisation).
e Students read information to familiarise themselves with the background of the investigation (Reading
Materials).
e Students’ experimental designs of a similar investigation are collected and discussed in class (Diagnostic
Assessment).
Before e  The teacher distributes Worksheet 1 for students to complete at home so Worksheet 1
Lesson 1 that they can be familiar with the background of the investigation.
1 e  The teacher discusses the investigation context with 40 Worksheet 2
students.
e  The teacher provides feedback on students’ responses in
Worksheet 1.
e Students complete Worksheet 2 to design an
investigation.

Stage [2) Designing the investigation
e Students have the chance to evaluate their own and their peers’ experimental set-ups (Self & Peer

Evaluation).
2 e The teacher provides feedback on students’ experimental 40 Student Samples 1
designs in Worksheet 2.
3 e  The teacher presents the main investigation context and 40 Teacher Notes 1

discusses with students questions related to their
experimental designs.

e  The teacher provides students with the laboratory manual
for preparation at home.
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Stage © Carrying out the investigation

3 Students use microscale instrumentation that reduces the time of the experiments (Microscale
Instrumentation).
. Students collect more complex data sets by setting up replicates (Complex Data Set).
4 e  The teacher asks questions to help students connect their 40 Laboratory
lab experience and related ideas/scientific inquiry skills. Manual
e Students carry out the investigation.

Stage 0 Explaining and evaluating data

. Students share data on the Google Spreadsheet (Digital Tool).

. Students use data to support their claims about the effect of different wavelengths of light on the
photosynthesis of cat grass and discuss the generalisability of the results.

Before e Students complete data reporting and analysis at home. Teacher Notes 2
Lesson 5 e  The teacher collects and marks student responses.
5 e  The teacher provides feedback on students’ performance 40 Teacher Notes 2
related to data reporting and analysis.

Important Notes

o Students are not required to learn the detailed reasons for the effects of different wavelengths of light
on the photosynthesis of cat grass. Rather, they are expected to use their data to support their claims
about the effects.

o Students are not expected to know the details of Hill reaction to successfully complete this
investigation.
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Instructional Materials

Stage @ Preparing for the investigation

Student Worksheet 1
4 )\

Notes for teachers

e Teachers can distribute Worksheet 1 and instruct students to read the
background information related to the investigation as a take-home assignment.

e Students’ responses can be collected using a Google Form.

e Depending on the student performance, some questions can be discussed in

\ class. /

Task 1
e Read the following information and source materials in the Data File.
e Answer the questions that follow.

Scenario ( The scenario is set in an everyday context
i.e., growing cat grass indoors).

(
Cat grass is a mixture of grasses grown from seeds, such as v&glﬁt,_\

barley, oats, and rye. Cat grass is safer for cats to eat than outdoor
grass, which may have been treated with pesticides. Cat grass is also a
rich source of vitamins, minerals, and dietary fibres.

Wheatgrass is a type of cat grass that is commonly grown indoors.
Wheatgrass seeds are sown in moist soil. After germination, artificial
light, such as light-emitting diode (LED) lamps, are used to supply light
for the seedlings to grow. Wheatgrass is ready for cats to eat around 2
weeks after germination.
Source: https://www.amazon.com/
In this investigation, you would like to investigate the Cat-Planter-Hairball-Digestive-
photosynthesis and growth of wheatgrass. Manufactured/dp/BO1/NIOWOE

Read the Data File to familiarise yourself with the background of the investigation. You will use your
biological knowledge of photosynthesis and plant growth and how to design valid and reliable
experiments to complete this investigation.

ﬁ Scan the QR code to get a copy of the Google Form.
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Data File

Your biology teacher asks you to read the following source materials to prepare yourself for designing an
investigation related to studying photosynthesis and plant growth:

The reading material contains
Source 1: Hill reaction relevant history of science.

In 1939, Robert Hill, a scientist working at the University of Cambridge, studied the process of
photosynthesis. He discovered that when an artificial electron acceptor ‘A’ is introduced to isolated
chloroplasts from broken plant cells under the illumination of light, the artificial electron acceptor, after
accepting the electrons, is reduced (to AH,). Oxygen (O») is evolved. This reaction is called the Hill
Reaction:

Water + Electron acceptor - Reduced form of electron acceptor + oxygen
2H0+2A > 2AH, + 0>
On the basis of his data, he proposed that electrons are produced in a certain biochemical process in
isolated chloroplasts. Under illumination, the process evolves oxygen and reduces unknown substances

(electron acceptors within the chloroplasts) that are not easily removed from the chloroplasts. This
substance is not carbon dioxide.

Questions for thought

1. We now know that the unknown substance receives the electrons produced in the biochemical
process (i.e. the final electron acceptor in the photochemical process). What is this substance?
(You may want to scan this QR code to watch an animation if you are not sure about the process in
the photochemical reaction.)

Teachers can insert a QR code that shows an
animation from readily available resources The reading material includes an
such as the textbook publisher. animation to consolidate student learning
of the relevant science concepts.
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Source 2: Measuring the rate of photosynthesis

Several methods can be used to measure the rate of photosynthesis.

Method 1: Measursuring the rate of oxygen
release

Oxygen is produced during photosynthesis.

The rate of photosynthesis of pondweed can

be measured by placing the pondweed in

sodium hydrogencarbonate solution and

illuminating it with light. The oxygen Sl

released is collected with a capillary tube.

The photosynthetic activity can be calculated Pondweed in sodium
from the amount of gas released over a hydrogencarbonate solution
certain period of time.

Method 2: Measuring the rate of photochemical reaction

In photochemical reactions, electrons are generated from water under light illumination. DCPIP (2,6-
dichlorophenol indophenol), a blue dye, can act as an artificial electron acceptor and becomes
colourless when reduced (i.e., when it accepts electrons). When DCPIP is added to isolated
chloroplasts, it is reduced by the electrons produced in the photochemical reaction of photosynthesis
when the chloroplasts are illuminated. The higher the rate of photochemical reactions, the higher the
rate at which DCPIP is reduced and turns colourless. The time it takes for the blue DCPIP to
decolourise can be used to calculate photosynthetic activity.

ﬁ Scan the OR code to see the action of DCPIP on isolated chloroplasts under
light illumination.

The video provides conceptual assistance to
understanding experimental design.

Method 3: Measuring the rate of increase in dry mass

Photosynthesis produces carbohydrates, which lead to a gain in the mass of the plant. This method
involves ‘serial harvests’, in which several plants are harvested and dried to constant mass and then
weighed. This is repeated several times over a certain period. The increase in dry mass of the plants at
different harvest times allow for the calculation of photosynthetic activity.

Questions for thought

1. Respiration occurs all the time in plants. Which of the above method(s) measure(s) the balance
between the rate of photosynthesis and the rate of respiration? Briefly explain your choice.

Method(s):

Your explanation:
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Stage ® Designing the investigation

Student Worksheet 2

/ Notes for teachers \

e Teachers can provide feedback on student responses in Worksheet 1 if
necessary.

e Teachers can then distribute Worksheet 2 and instruct students to design the
investigation.

e Teachers can show students the materials and apparatuses to facilitate their
design. See the Supplementary Resource section for a list of materials.

e Some student work samples are shown below to illustrate possible student

\ thinking. /

Task 2
e Answer the questions that follow.

—

You are given the following information:

Investigation question:

“What is the effect of light intensity on the rate of photosynthesis of wheatgrass?”

Materials and apparatus:

DCPIP solution Wheatgrass chloroplast extract Capillary tubes
Table lamp Aluminium foil Timer
LED light bulb (White) Ruler Ice-bath
Autopipette tip Micropipette White tile
Camera
(a) Briefly describe how you would use the materials to design an investigate to achieve the

aim. Draw your experimental design in the box below.

Students designed a related experiment and
explained their design decisions.

Students are allowed to draw and
explain their design decisions.
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Student Samples 1 (Worksheet 2

Examples of students’ experimental designs

Students receive feedback on their design of
a related experiment during class discussion.

4 )

Notes for teachers

e Teachers can choose some students’ diagrams (anonymised) of experimental
set-ups for students to evaluate.

e Teachers can discuss students the following ideas such as how students
manipulate the independent variable, whether replicates are set up, whether
controls are needed, position of the table lamp.

- J
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Teacher Notes 1
/ Notes for teachers \

e After receiving feedback on their experimental designs, the following shows
the main investigation context for students to work on.

e There are some questions that teachers may use to guide students in thinking
about and assessing the scientific inquiry skills related to their experimental
designs

e Some student work samples are shown below to illustrate possible student

\ thinking. /

Task 3

Scenario

Cat grass is a mixture of grasses grown from seeds, such as wheat, barley, oats, and rye. Cat grass is
safer for cats to eat than outdoor grass, which may have been treated

with pesticides. Cat grass is also a rich source of vitamins, minerals,

and dietary fibres.

Wheatgrass is a type of cat grass that is commonly grown indoors.
Wheatgrass seeds are sown in moist soil. After germination, artificial
light, such as light-emitting diode (LED) lamps, are used to supply light
for the seedlings to grow. Wheatgrass is ready for cats to eat around 2
weeks after germination.

In this investigation, you would like to study the effect of different  Source: hitps:/www.amazon.com/
wavelengths of light from LED lamps on the rate of wheatgrass  Cat-Planter-Hairball-Digestive-

. T . ... .. . Manufactured/dp/BO1JNIOWIE
photosynthesis. This information is important for determining the light
conditions that maximise the growth of cat grass.

Design of investigation
Investigation question:

“What is the effect of different wavelengths of light from LED lamps
on the rate of photosynthesis of wheatgrass?”

. Students designed another experiment
Materials and apparatus: individually after the whole class discussion.

® You are given the following materials and apparatus:

DCPIP solution Wheatgrass chloroplast extract Capillary tubes
Table lamp Aluminium foil Timer
LED light bulb of different Ruler Ice-bath
colours (Red, Green, Blue,
White)
Autopipette tip Autopipette White tile
Camera
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Possible questions

1.

Your teacher suggests that you should use the following set-ups, but you are not sure in which
position you should place the light source (see the diagrams and photos below).

Position A Position B
(lamp placed horizontally) (lamp placed vertically above the capillary
tubes)

Visual scaffolds were

provided to students such
that they could
understand the scenarios.

Tube 1 Tube 2 Tube 3 Tube 4
Chloroplast v v v v
extract
DCPIP v v
Distilled water 4 v
Light v
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(a) In which position (A or B) would you put the light source? Why?

Position Reason
(Put a ‘v” into the correct box)

OA
OB

2. Johnny claims that the DCPIP solution would be reduced by other substances in the chloroplast
extract.

Examining which tube (1, 2, 3, 4) would allow Johnny to verify his claims? Why?

3. Suggest one way you could modify the set-up to reduce measurement errors. Explain why the
modification would reduce measurement errors.

How to reduce measurement error Explanation of why this would reduce
measurement error

/ Notes for teachers \

e Q.1(a) assesses students’ understanding of control variables. Placing the light
bulb in position B ensures that all the tubes receive uniform light
illumination. It is important to control the amount of light received as it can
influence the rate of the Hill reaction.

e Q.1(b) assesses students’ understanding of control set-up. If the DCPIP
solution is reduced by other substances in the chloroplast extract, the DCPIP
solution would lose colour in tube 3 even without light illumination.

e Q.1(c) assesses students’ understanding of strategies to reduce measurement

k CITOTIS.
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The following are some examples of students’ responses to Q.1:

Sample 1

Sample 2

4 )
About the samples
e Both samples identified the correct lamp position and the importance of ensuring
that all the capillary tubes receive the same amount of light illumination.
e Sample 2 additionally identifies light as a control variable which is a factor affecting
photosynthesis (the variable to be measured).

- J

The following are some examples of students’ responses to Q.2:

Sample 1

Sample 2
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About the samples
e Both samples identified the correct tube.
e Sample 2 provides a full explanation of the function of this tube.

The following are some examples of students’ responses to Q.3:

Sample 1

Sample 2

Sample 3

/ About the samples \

e All the samples identified a strategy (i.e., repeating the experiment). However, how
repeating the experiment can reduce the impact of measurement errors is only
explained in Sample 3.

e Students often have difficulties in explaining why repeating an
\ experiment/measurement can reduce the impact of random errors.

)
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Stage ® Carrying out the investigation

Laboratory Manual

-~

o

Notes for teachers \

e [t is suggested that chloroplast extract is prepared for students. If
appropriate, students may be asked to perform chloroplast
extraction. See the Supplementary Resource for the relevant
procedures.

e FEach group is asked to collect data on two light colours (i.e.,
white and red, blue and red, white and green, and blue and
green). Class data are shared.

e Teachers can distribute the manual for students to read and
prepare before the investigation.

e Teachers can ask questions to check if students fully understand the procedures.

e The Supplementary Resource section contains the list of materials.

e Scan the QR code to view the process of the experiment. /

Task 4

= Read the following procedures to carry out the investigation.

Procedure

1.

whWw

N o

S

10.
11.
12.

13.

Place a table lamp with a light bulb 5 cm above a white tile (do not turn it
on yet).

Use a micropipette to transfer 50 pL of chloroplast extract into a
capillary tube (reference tube).

Place the capillary tube under the table lamp.

Transfer 50 pL of chloroplast extract with DCPIP into a capillary tube.
Repeat Step 4 three times (i.e., 4 tubes containing chloroplast extract with
DCPIP).

Wrap one capillary tube with aluminium foil (control tube).

Place the four tubes next to the control tube under the table lamp (see
Figure I).

Turn on the lamp (white), and start the timer.

Record the time (#) taken for the colour of each tube to match the colour
of the reference tube in the table below. (As the colour of the tube
contents is difficult to see under the coloured lights, the remote is used to
switch the coloured bulb to ‘white” for 1 second every 60 second to check Figure 1

the colour matching.)

Repeat the above steps for the other colour (red) of light bulb by switching the controller.
Record the time for each of the experimental tubes (tubes 1, 2, and 3) to change the colour.
Calculate the average time for colour change and the average rate of colour change (1/average
time for colour change). (If no colour change occurs after 20 minutes, record >1200 and enter
the rate of colour change as ‘0.00°.)

Report your group data in this Google Sheet by scanning the QR code.

ﬁ Scan the QR code to get a copy of the Google Sheet.
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Stage @ Explaining and evaluating data

Teacher Notes 2

-

.

Notes for teachers

~

The following are possible questions that teachers can use to guide students in
thinking about or assessing their scientific inquiry skills related to data analysis
and interpretation.

Student work samples are shown below to illustrate possible student thinking to

Q.2. y

Task 5

Possible questions

(d) The rate of photosynthesis of the cat grass is highest under blue light.

1. Which of the following claim(s) is/are supported by the data your group obtained?
(Put a ‘v” into the appropriate box(es).)
(a) The rate of photosynthesis of the cat grass is lowest under green light. O
(b) The rate of photosynthesis of the cat grass is higher under blue light than O
red light.
(c) The rate of photosynthesis of the cat grass is higher under white light O
than red light.
O
O

(e) None of the above.

o

David found that the rate of photosynthesis of the cat grass is highest under white light than under

the other light colours he tested (e.g., green and red). He claims that the growth of the cat grass
will be highest when grown under white light.

Do you agree with this claim? Why?

Agree
Disagree

Explanation:

O
O

3. Propose one meaningful investigative question that relates to your experimental data.

/ Notes for teachers \

Q.1 assesses students’ understanding of making valid claims based on
available data and evidence.

Q.2 assesses students’ understanding of the generalisability of their
conclusion.

Q.3 assesses students’ ability to generate a new investigation question that
extends the present investigation.

J
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The following are some examples of students’ responses to Q.2:

Sample 1
4, David found that the rate of photosynthesis of the cat grass is highest under white light than other

light colours he tested (e.g.. green, red). He claims that the growth of the cat grass wilt be highest
when grown under white light. Do you agree with this claim? Why?

Agree Elf

Disagree O
Explanaiion:
Thfﬁ D\/]J\T{-‘e {?S;ﬁ‘l‘ CSM/‘-é'iV%!”&é ;\!{ u'%‘ ’h’ 1€ {,&f',: i
L
;—LL%{;g\g wAvey  Hig nd s e P

S eyl fheg

About the samples

e Both samples wrongly stated that the evidence supports the claim about the
growth of the cat grass.

e The students seemed to use biological facts they know to answer the questions
rather than assess the generalisability of their results by attending to the
relationship between photosynthesis and plant growth. /
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Sample 3

4. David found that the rate of photosynthesis of the cat grass is highest under white light than other
light colours he tested (e.g.. green, red). Fe claims that the growth of the cat grass will be highest
when grown under white light. Do you agree with this claim? Why?

Agree O
Disagree nd
Explanation:

TM g;é‘ wih rafe Zé ol (g
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Sample 4
4, David found that the rate of photosynthesis of the cat grass is highest under white light than other

light colours he tested (e.g., green, red). He claims that the growth of the cat grass will be highest
when grown under white light. Do you agree with this claim? Why?

Agree O

Disagree ISJ/

Explanation:

The Sm“ wj{ ay be aﬂﬁec}ié Mﬂn Zﬁlfm A,c][oq 3»»6 39
fle fopetee 0d o coadbin

Sample 5

4 )

About the samples
o All the samples correctly stated that plant growth can also be affected by other
factors.

e However, the factors identified are not entirely scientifically accurate. For
example, Sample 2 identified oxygen concentration as a factor that can affect
plant growth.

\_ J
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Supplementary Resources

Possible Modifications

1. Effect of darkness on decolourised DCPIP in chloroplast extract
e  When a chloroplast extract containing DCPIP is exposed to light, the DCPIP becomes
decolourised. If this decolourised extract is then placed in darkness, the blue colour of the
DCPIP will gradually return. -

e Teachers may ask students to explain the reason for these observations.

ﬁ Scan the QR code to see a video.

2. Investigating the mode of action of herbicides
e This set-up can also be used to investigate the mode of action of herbicides (see
Photosynthesis Inhibitor Investigation).

3. Investigating the effect of different wavelengths of light on the growth of cat grass
e The effect of different wavelengths of light on the growth of cat
grass can be studied by growing cat grass seeds on moist cotton
wool.
e Surface-sterilise the seeds using 20% bleach for 20 minutes and
grow the seeds on moist cotton wool.
e (at grass normally germinates within 1-2 days. Visible
morphological differences between different light treatments can be
seen within a week.
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Technician Notes

1. Materials for Task 2

Materials for each group

e DCPIP solution e  Wheatgrass chloroplast e Capillary tubes
extract

e Table lamp e Aluminium foil o Timer

e LED light bulb (White) e Ruler e Ice-bath

e Autopipette tip e Autopipette e  White tile

e (Camera

Table lamp LED light bulb (RGB) Capillary tube

2. Materials for Task 4

Chemicals to be prepared

e  Extraction Buffer (250 mL) (Dissolve 2.7 g of hydrated disodium
hydrogen phosphate, 1.0 g of anhydrous potassium dihydrogen
phosphate, 33 g of sucrose and 0.25 g of potassium chloride in 250
mL of distilled water. Adjust pH to 7.5. Store at 4°C refrigerator.)

e DCPIP solution (100 mL) (Dissolve 0.1 g of DCPIP and 0.4 g of
potassium chloride in 100 mL of distilled water. Note: DCPIP
solution should be freshly prepared prior to use.)

Extraction of chloroplasts (~30 mL)

Weigh 4 g spinach leaves/ 6 g cat grass leaves.

Cut the leaves into small pieces using a pair of scissors.

Add 40 cm? of ice-cold Extraction Buffer solution.

Add a spoonful of sand.

Grind the leaves using a mortar and pestle.

Filter the leaf extract using muslin cloth to remove leaf debris
Store the filtrate on an ice bath.

Nounbkwd =
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Trial run

1. Add 1 mL ofleaf extract to a 1.5 mL tube.

2. Add0.15 mL 0.1% DCPIP solution to a 1.5 mL tube.

3. Trial run to see if the time for the white light to change colour is within 5 minutes. Adjust the
volume of 0.25 mL 0.1% DCPIP if needed.

4. Prepare the chloroplast extract for each group
* 1 mL chloroplast extract + distilled water
* 1 mL chloroplast extract with DCPIP (with aluminium) + DCPIP (with the optimised volume)

Materials for each group

e *1 mL Chloroplast extract | ¢ Table lamp with colour e Capillary tubes X 10
in 1.5 mL tube controller

e *1 mL Chloroplast extract | ¢ LED light bulb of different e  White tile
with DCPIP in 1.5 ml tube colours (Red, Green, Blue,
(aluminium foil) White)

e Ice bath e Ruler e Timer

e Autopipette (P-200) e Autopipette tip (P-200) e  Aluminium foil

* on ice bath

References

Spencer, R. (2018). Pitch perfect: Investigating the effects of different wavelengths of light on the rate of
photosynthesis and grass growth. School Science Review, 100(371), 15-20.
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) Yeast Respirometer Investigation

Overview

The Yeast Respirometer Investigation is related to the use of sugar substitutes in breadmaking. Students
investigate the effects of different types of sugar substitutes on the rate of yeast fermentation.

Students are given the opportunity to design and carry out experiments in which they identify significant
assumptions, consider limitations in measurement, and evaluate different experimental designs (i.e.,
within- and between-subject designs).

Teaching Plan

Prerequisite knowledge (scientific ideas)
e Alcoholic fermentation process
o Alcoholic fermentation as an enzyme-catalysed reaction

Lesson Lesson sequence Duration Resources
(mins)

Stage @ Preparing for the investigation

e The investigation is set in a decision-making context (Decision-making Task).

e The investigation is situated in an authentic daily-life context related to the use of sugar substitutes for
breadmaking (Contextualisation).

e Students have the opportunities to design their own respirometers and trial run their designs (7rial Run).
e Students evaluate own and other set-ups in terms of their feasibility and accuracy (Self & Peer Evaluation).
e Students read information to better understand the working principles of different set-ups (Reading

Materials).
1 e The teacher introduces the investigation context to 40 Worksheet 1,
students in Worksheet 1. Student Samples 1
e  The teacher provides materials for students to design and
trial run their set-ups.
Before e  The teacher distributes Worksheet 2 for students to complete at home Worksheet 2
Lesson 2 and be familiar with the working principles of different set-ups.

Stage @ Designing the investigation
e The teacher shows students the microscale respirometer.

2 e The teacher provides feedback on students’ responses in 40 Worksheet 3
Worksheet 2 in class.

e  The teacher shows students the microscale respirometer
and asks them to explain how the set-up can be used for
investigating the effect of sugar substitutes.

3 e  The teacher discusses with the students some questions 40 Teacher Notes 1
related to the experimental design.

e Teacher provides students with laboratory manual for

_ preparation at home.

Stage © Carrying out the investigation

° Students watch pre-recorded video that show the procedures of how to set up the respirometers (Video with

Guidance on Procedures).
. The teacher performs demonstration to show how to assemble to microscale set-up (Teacher

Demonstration).

. Students use microscale instrumentation that reduces the time of the experiments (Microscale
Instrumentation).

° Students collect more complex data sets by setting up replicates (Complex Data Set).

. Students use cameras to record data (Digital Tool).
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4 e The teacher performs a demonstration of how to assemble 40 Laboratory
the microscale respirometer. Manual
e  Teacher asks questions to help students connect their lab
experience and related ideas/scientific inquiry skills.
_ e Students carry out the investigation.
Stage @ Explaining and evaluating data
. Students evaluate the validity of using two parameters to measure the fermentation rate of the yeast (i.e. the
number of bubbles produced in a fixed period, and the time for the colour of the indicator to change from
green to yellow).

. Students use data to make informed decisions on whether and how to use sugar substitutes to produce
breads with similar textures and appearances.
Before e  Students complete data reporting and analysis at home. Teacher Notes 2
Lesson 5 e  Teacher collects and marks student responses.
5 e  Teacher provides feedback on students’ performance 40 Teacher Notes 2
related to data reporting and analysis.

Important Notes

e Students are not required to explain why yeasts can use sugar substitutes for fermentation. Rather,
they are expected to use data to make decisions about which sugar substitute(s) to replace refined
sugar.
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Instructional Materials

Stage @ Preparing for the investigation

4 )

Notes for teachers
e Teachers can distribute Worksheet 1 and instruct students to design
experimental set-ups to measure the rate of yeast fermentation.

_ .

e Teachers can provide students with concrete materials for their trial runs to
see if their set-ups are feasible. See the Supplementary Resource section for
the list of materials.

The Supplementary Resource section provides examples of possible set-ups.

Task 1

Scenario

Read the scenario and complete the questions that follow:

Adam is weight conscious. He has recently replaced refined sugars (e.g., sucrose) with sugar
substitutes (i.e., calorie-free sweeteners). He wondered if sugar substitutes can be used to replace
sucrose in breadmaking. He would like to investigate the effects of different sugar substitutes on the
rate of yeast fermentation.

To perform the investigation, he must first assemble a set-up that allows him to measure the
fermentation rate of yeast. The following shows a list of apparatuses and materials that he can find in

the science laboratory:

Yeast Test tube Syringe Phenolphthalein
Balloon Boiling tube Syringe cap Straw
String Rubber tubing Paraffin oil Glass bottle
Boiled sugar substitutes Plastic dropper Dropper bottle Sodium hydroxide
1,2,3 solution
Boiled distilled water Timer Ruler Water
Boiled sucrose solution Electronic balance Measuring cylinder Petri dish
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1. Based on the materials and apparatuses given, draw at least two set-ups that your group thinks
Adam can use to measure the fermentation rate of yeast.

Notes: . Students had opportunities to try out
. Your group can trial run your set-ups. their designs.
. Be prepared to show your peers the set-ups.
2. Briefly explain how you will use the set-ups to investigate the effect of the three sugar substitutes

on the rate of fermentation.

Student Samples 1 (Worksheet 1

Directions:
1. Based on the materials and apparatus given, draw two set-ups your groups would use to measure

@ the rate of fermentation (Be prepared to show your peers the set-ups).
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/ Notes for teachers \

e The student sample shows the drawing of some set-ups
designed by students.

e Teachers can distribute Worksheet 2, which prompts
students to analyse the principles of different set-ups after
they have explained their set-ups.

e Students’ responses in Worksheet 2 can be collected using
a Google Form.

e Teachers can read Appendix 3 from Chan et al. (2021) for
the possible set-ups and their working principles.

K e Scan the QR code to access Appendix 3. /
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Student Worksheet 2

Task 2
e Adam found the following information.

Source 1: Experimental set-ups for investigating the rate of yeast fermentation

Adam found two experimental set-ups that can be used to measure the rate of yeast fermentation:

Set-up 1

e This set-up uses an airtight syringe
containing yeast mixed with boiled
sugar solution. To measure the rate of
yeast fermentation, the initial position
of the plunger at the beginning of the
experiment is recorded. Readings are
then taken at specific time intervals.

Set-up 2

e This set-up involves two tubes. Tube A
contains a mixture of boiled glucose
solution and an alkaline solution
containing a pH indicator (pink under
alkaline pH values and colourless when
the pH decreases to 7 or lower). Tube B
contains yeast. The two tubes are mixed,
and a layer of paraffin oil is added to the
reaction mixture. The time taken for the
disappearance of the pink colour in the
reaction mixture can be used to indicate
the rate of yeast fermentation.

Answer the following questions about the working principles of the two set-ups Adam has given to you:

(a) Write a word equation for yeast fermentation.
(b) Based on your answer in (a),

(1) explain why experimental Set-up [ can be used to measure the yeast fermentation rate.
(Hints: Consider the products formed in yeast fermentation. What will happen to the
position of the plunger after the experiment starts? Why? How can the fermentation rate be
determined?)

(2) explain why experimental Set-up 2 can be used to measure the yeast fermentation rate.
(Hints: Consider the products formed in yeast fermentation and determine if they have an
effect on the pH of the reaction mixture. What is the relationship between the time taken
for the disappearance of the pink colour in the reaction mixture and the rate of yeast

fermentation?)
(©) (1) Adam reminded you that the boiled glucose solution should be cooled before mixing with
the yeast when using both set-ups. Explain why this step is necessary.
2) Suggest another precaution you will need to take when assembling Set-up 1.

ﬁ Scan the QR code to get a copy of the Google Form.
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Stage ® Designing the investigation

Student Worksheet 3
/ Notes for teachers \

e Teachers can provide feedback on student responses in
Worksheet 2.

e Teachers can show students the microscale respirometer
and ask them to think about how the set-up can be used to
measure the rate of yeast fermentation.

e See Chan (2016) for more information about the set-up.

e Teachers may show a video to the students. Scan this QR

k code to access the video. /

Task 3

Possible questions
1.  Andrew suggested using the following experimental set-up to measure the dependent variable. To
ensure that the apparatus is functioning properly, he recommends first testing it with the boiled
sucrose solution.
(a) Predict one observable change during
the experiment.
(b) Describe how you would use the
experimental set-up to compare the
yeast fermentation rate among sugar
substitutes (1, 2, 3).
(Hint: In your answer, please include
[1] how to manipulate the
independent variable, [2] how to
measure the dependent variable, and
[3] the relationship between the
dependent variable and the
measurement method.)
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Teacher Notes 1

/

thin

-

Notes for teachers

e After introducing the microscale respirometer, the following shows the main
investigation context for students to work on.

e Some questions can be used by teachers to guide students in thinking about or
assessing the scientific inquiry skills related to experimental designs.

e Some student work samples are shown below to illustrate possible student

king to some questions.

\

J

Task 3

Scenario

Here are some of the materials and apparatuses in the science laboratory:

Some people who try to lose weight eat less food containing refined sugar. However, the breadmaking
process uses a lot of refined sugar (i.e., sucrose). In recent years, it has become more common to use
sugar substitutes (zero-calorie sweeteners) to replace refined sugar to reduce calorie intake.

Can sugar substitutes replace refined sugar in making bread? If so, which type of sugar substitute
allows the yeast to ferment the best?

Yeast

Boiling tube

Plastic dropper

Paraftin oil

Boiled sucrose solution

Boiled distilled water

Timer

Screw nuts

Boiled sugar substitute 1

Boiled sugar substitute 2

Boiled sugar substitute 3

Universal indicator

answer the investigation

question.

Using your biological knowledge of yeast fermentation, design a valid and reliable experiment to carry

Innovations in Biolog
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Possible questions

1. Adam and his friends are discussing the possible significant assumptions of this design.

( )
A significant assumption is that the fermentation rate is higher for sugar

substitute 1.
\\ J

4 N\
Is it the assumption that the carbon dioxide produced during fermentation
does not dissolve in the sugar substitute solution?

\ -

Adam

I would say that the rate of carbon dioxide produced by the yeast indicates
the rate of fermentation is one of the significant assumptions.

N
I have one more idea, which is the sugar substitute solution should be boiled

before the experiment.

Betty

Carlos

Which person(s) do you agree with? Put a “v into the appropriate box(es) below.
(Hints: There can be more than one assumption.)

O Amy

O Ad

O cC allm This question format enables the
arlos identification of distractors.

O Betty

Notes for teachers

e Q.1 assesses students’ ability to identify significant multiple assumptions from the
choices. Distractors include precautionary steps and predicted results.
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2. Tom and Mary are discussing two experimental designs to achieve the aim of this experiment:

Put different boiled sugar substitute solutions into different set-
ups for measurement. Each set-up has the same volume of
yeast.

Testtube A Testtube B Testtube C

Different types of boiled sugar substitute solution

Tom

Add a boiled sugar substitute solution into one set-up. After the

reaction, add another type of sugar substitute solution into the

same yeast. Test tube A Test tube A

After the After the
reaction ends reaction ends

Other boiled sugar
substitute solution

Boiled sugar substitute Boiled sugar substitute
solution 1 solution 2

Mary

Which design would you choose? Why?
(Please put a ‘v"” in the box of the experimental design you choose.)

O Tom’s design
O Mary’s design

Explanation:

Notes for teachers

e (.2 assesses students’ ability to analyse alternative designs (i.e. within- and
between-subject designs) in terms of generating valid and reliable data.
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The following are some examples of students’ responses to Q.2:

Sample 1

Sample 2

Sample 3

~

About the samples

e In Sample 1, the better design was not chosen.

e In Sample 2, the better design was chosen but the student did not explain why
the design allows for the collection of more valid data. The student provided
reasons not related to the validity of the data (i.e. less time).

e In Sample 3, not only was the better set-up chosen but also the carry-over effect
was explained. Other effects include the death of the yeast or the change in the

K pH of the solution as a result of the previous treatment. /
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Stage ® Carrying out the investigation

Laboratory Manual

f Notes for teachers \
e Teachers can distribute the manual for students to read and

materials.
k e Scan the QR code to view the process of the experiment. /

prepare before the investigation.

e The pre-recorded video provides the steps for assembling
the microscale respirometer.

e Teachers can perform a demonstration to show students
how to set up a microscale respirometer and highlight the
critical steps.

e Teachers can ask questions to check if students fully
understand the procedures (e.g., how many respirometers
do we need to set up?).

o The Supplementary Resource section contains the list of

Task 4

Read the following procedures to carry out the investigation.

Procedure

1.

el

vk

10.
11.
12.
13.

14.
15.
16.

17.

Measure 15 mL of boiled distilled water containing a universal
indicator using a measuring cylinder. Transfer it to a 25-mL boiling
tube.

Expel 3 mL of air from a 3-mL plastic pipette.

Use the 3-mL plastic dropper to suck up 1 mL of yeast extract
solution.

Invert the dropper to allow the liquid to flow into the bulb portion.
Expel the air from the 3-mL plastic dropper containing the yeast Scan this QR code to see how to
extract. assemble the experimental set-up.
Use the 3-mL plastic dropper to suck up 1 mL of the boiled sucrose

solution, sugar substitute 1, sugar substitute 2, sugar substitute 3, or

distilled water.

Invert the dropper to allow the liquid to flow into the bulb portion.

Gently squeeze the bulb of the pipette to mix the yeast extract and sugar/sugar substitute/distilled
water solution.

Expel the air from the 3-mL plastic dropper.

Use the 3 mL plastic dropper to suck up 400 pL of paraftin oil.

Invert the dropper to allow the liquid to flow into the bulb portion.

Secure two screw nuts onto the neck of the pipette.

Use forceps to place the entire set-up into the test tube, ensuring that the dropper is fully submerged in
the water.

Add a layer of paraffin oil.

Start a timer and record the time required for the universal indicator to change from green to yellow.
Allow the set-up to reach equilibrium for 2 minutes and then record the number of bubbles generated
within 15 minutes.

Repeat Steps 1 to 16 one more time.
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Stage @ Explaining and evaluating data

Teacher Notes 2

-

.

~

Notes for teachers

e The following are possible questions that teachers can use to guide students in
thinking about or assessing their scientific inquiry skills related to data
analysis and interpretation.

e Student work samples are shown below to illustrate possible student thinking
to some of the questions.

J

Task 5

Possible questions

1.

»

According to the data you collected, which of the following parameters can more accurately measure
the yeast fermentation rate? Explain your answer.

(Put a ‘v in the appropriate box.)

O Time taken for the universal indicator to change from green to yellow

O Number of bubbles produced within 15 minutes

Adam wants to use sugar substitutes instead of sucrose to make bread. He hopes his bread will be as
fluffy as when using sucrose. Based on the data you collected, answer the following two questions:
(a) Which sugar substitute should Adam use? Explain your answer.

(Put a ‘v into the appropriate box.)

O  Sugar substitute 1

O  Sugar substitute 2

O  Sugar substitute 3

(b) Propose a method to make the fermentation rate using the selected sugar substitute similar to
the rate using sucrose.
(Hint: Consider the factors that affect the yeast fermentation rate.)

Adam found that yeast can use one of the sugar substitutes. He would like to determine the optimum
temperature at which the yeast ferments the sugar substitute. How would you modify the
experimental design of this investigation to achieve this goal?

~

Notes for teachers

o Q.1 assesses students’ ability to assess the appropriateness and accuracy of the
methods to determine the dependent variable based on their data.

e (.2 assesses students’ ability to make informed decisions based on their data.

e Q.3 assesses students’ ability to modify the experimental designs for answering a
new investigation question. /
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The following are some examples of students’ responses to Q.1:

Sample 1

Sample 2

Sample 3

2. ARIBITITUCESTES - DL A T B PR T AR K ? SRR I A
(ETHITHE v LR RRYEZ)
O 5T i iy (T S S b i
ey T s Ok WL |

AAp A P O E BB RO 44 Y . p 444
wi k& b wdd d  FOL A G H It RILLA. K
R NED. AR EB AR 4 VR B ARO R L 4
JRB D BRAL - @ A DR D % B ABARY 0 4
5 SRR u L duds THOF M A,

4 )

About the samples

e In Sample 1, the right measurement parameter was not chosen, and invalid
reasons were provided.

e In Samples 2 and 3, the right parameter was chosen. Sample 3 further explained
why relying on visual inspection by naked eyes as a measurement method is an
important limitation (i.e. subjective judgment of colour change).

\_ J
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The following are some examples of students’ responses to Q.2:

Sample 1:
4, WHRDIH op-—REE SR (i A (R TCR REAR DL B - {EARS Y S EEEEE T S By
FRWAL S (R IR MO - SERRB R AT S 8 v 2 L) T Wi -

(a) R LAGE AT ? SPRERRLH 2R -
(HETFFIHE v LUBHIREZE)
O {838 1 &

O 2 5%

D/ﬁ#% 358

Bopddid BARRBIEE KA
Ha AR ALl &)
&iﬁﬁ%ﬁu)ﬂ%@@”

(b) RT3 » (i I (AR S i 1 G o T R AR S £ /K T
Feon  BEPERN SRR R)

AR Bt tead , 1Bhe @i%ﬁ%{
SRR By Pl RN RS %;ﬁ'i&

Sample 2
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Sample 3

4. LD REEEER (AN PO L S - ORISR I - S
SRR (B TIRE RIS - SEAREE AT BB 5 L) T e
a) RETLAE I RRAE 7 SRR
(FETFIHHS v DB RAEZ )
O felE 1 %
O i 2 o
o toi 3 o

A 18t A BB S ot Ay T2 e o B Y
b 18R ) w isE $ Bt & BB ey ) 7’%@ £9 1
/h 214 AR SR v B Lo B4y wh g
16 300 el 42 Bk st e i E adi Bty 1504

Riaf b5 % e 8 40k 3 5l 3 Ba 1 BRI Yt f
W99 Tt A Te v w9it M W ugfi 4 B2 b9 2 4= fiae
2 Privasodf, § %ﬁvﬂﬁzz A Sf,'i‘r*’w Mot B 1 7

‘F’)ﬁam 118 ‘235 s m 431930 nfﬁué e Hapdil vy
bmz&f% 2410 5, WA (A E0 hriKop 324, uaeaes Ssm 515

(b) R —TEH 3 » (ofE R A S i ) o Y B R AT 9 7KT-
(FeT - B AR SR ERNRE)

Fo Ho AR, Ao o e Pt NRIE M iy 1105 22
Heh ¥ hvi\wﬁ 3y @M’*&@% w3 b9 PR DR 4
4 e 11 85 0% 100 A% B899 s WL et 58 b iy
B 5y od bt WMol B 3w Kl
B9 N X -

/ About the samples \

e In all three samples, correct decisions concerning the type of sugar substitute
were made based on the data collected. However, Sample 1 did not refer to the
data collected to justify their decisions. Sample 3 is detailed in comparing all
the data collected for decision-making.

e Sample 3 did not make use of biological principles in terms of the factors that
can speed up the yeast fermentation rate to make the necessary modifications.
Sample 1 identified the method while Sample 2 showed some issues with the

K use of data. /
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Supplementary Resources

Possible Modifications

1. Investigating yeast bead fermentation
= A syringe can be used to set up a yeast respirometer conveniently.
= Ifyeast beads are used, the reaction mixtures can be collected, and the solution can be used
for titration against an alkaline solution containing a pH indicator.

/ Notes for teachers

= Teachers can use the following procedures.

= The procedures for making yeast beads can be found in
Yeast Bead Invertase/Catalase Investigation.

= Scan the QR code to view a video that shows the whole
experiment,

» Read the Technician Notes section for the materials
required for this experiment.

= A video showing how to set up a yeast respirometer using a
syringe is available via the QR code alongside the

k procedure. /

/ 1. Prepare the yeast beads. \ f 2. Set up the respirometers. \

3. Perform a titration to
determine the number
of drops of solution for
colour change of the

alkaline solution.
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Procedure

Setting up the respirometer

AN e e

™

9

10.
11.
12.
13.
14.

15.
16.

Remove the plunger from a 10-mL syringe. A video showinlg somcd mistakes

: : : : m experlmenta procedures can
Cap the SYNNEE using a p lastic syringe cap. . sensitise students to avoid similar
Use a pair of forceps to transfer 50 yeast beads to the syringe. mistakes in their own
Pipette 2.5 mL of distilled water into the syringe. experiments.

Place the syringe with the distilled water vertically on the rack.
Repeat Steps 1 to 5 with the sucrose solution and sugar
substitutes (1, 2).

Insert the plunger in the syringe with distilled water.

Invert the syringe so that the yeast beads sink to the bottom of
the syringe.

Remove the plastic cap from the syringe.

Gently tap the syringe to remove air bubbles.

Gently press the plunger to push the distilled water up to the Scan this QR code to see how to
top of the syringe. assemble the experimental set-up.
Cap the plastic syringe to ensure that it is airtight.

Repeat Steps 7—12 with the sucrose solution and sugar substitutes (1, 2).

Start the timer when all the respirometers are set.

Record the initial position of all plungers at # = 0 minute.

After 20 minutes, the final positions of all plungers are recorded.

Determining the volume of sugar solutions for neutralisation of the alkaline solution

1.
2.
3.

Pipette 1 mL of alkaline solution with a pH indicator into eight 5-mL conical flasks.

Use a dropper to withdraw all the solutions from each syringe to a 10-mL beaker.

Add each solution dropwise to the conical flask containing alkaline solution on a white tile. Gently
shake the conical flask after adding each drop. Keep adding sugar solution until the blue colour
changes to green.

Record the exact number of drops of sugar solution that was added. Write >20 if the colour has not
changed after adding 20 drops.

Repeat Step 3 and Step 4 one more time and calculate the average result.

~

Notes for teachers

e Teachers can ask the technician to perform a trial run to adjust the alkalinity
of the alkaline solution. This will be done by adjusting the volume of the
sodium carbonate solution added. The goal is to find the alkaline solution
composition where the positive control (i.e., sucrose solution) requires less
than 10 drops to change the colour of the alkaline solution.

J
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Technician Notes

Materials for Task 1

15% Yeast (activated) Test tube Syringe Phenolphthalein
Balloon Boiling tube Syringe cap Straw
String Rubber tubing Paraftin oil Glass bottle
10% Sucrose solution Plastic dropper Dropper bottle 0.1 M Sodium
hydroxide solution
Boiled distilled water Timer Ruler Water
Straw Electronic balance Measuring cylinder Petri dish

* Containers of varying sizes can be provided to students.

Possible set-ups
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Materials for Task 4

Chemicals to be prepared
Boiled water (containing universal indicator) (Boil tap water and add appropriate volume of

universal indicator [i.e., when the solution is sufficiently green]).

10% Sugar solution (boiled)/Distilled water (boiled) (Dissolve 10 g in 100 mL sugar solution. Boil
the sugar solution/distilled water. Adjust pH to 7.4.)
15% Yeast extract (1 mL in 1.5 mL tube) (to be prepared on that day) (Add 15 g yeast in 100 mL

distilled water. Add a spoonful of sugar. Stir on a magnetic stirrer. Wait for 30 minutes to activate
the yeast. Keep stirring. Aliquot just before the experiment.)

Materials for each group

25 mL Measuring cylinder

*>150 mL Boiled distilled
water (containing universal
indicator)

1 mL Boiled 10%
sucrose solution/sugar
substitute 1/sugar
substitute 2/sugar
substitute 3/distilled
water in 1.5-mL tube X
2

Boiling tubes X 10

1 mL 15% Yeast extract in
1.5-mL tube X 10

400 pL Paraffin oil X 10

Boiling tubes rack

3 mL Plastic dropper (tip =

Paraffin oil in dropper

3.5cm) X 10 bottle
e Timer Screw nut X 20 Camera (supplied by
students)

* Volume depends on the size of the boiling tubes.

Materials for Yeast Bead Syringe

Materials for each group

10 mL Syringe X 5

Syringe cap X 5

Autopipette (P-1000)

5 mL Conical flask X 10

Forceps X 5

Autopipette tip (P-1000)

>8 mL *Alkaline solution
with a pH indicator

>2.5 mL Boiled sugar
substitute solution 1, 2

>2.5 mL Boiled distilled
water

Plastic dropper X5

>2.5 mL Boiled sucrose
solution

Timer

25 mL Beaker X 5

*40 mL 0.04% Bromothymol blue + 10 mL 2% Na,CO3 + 150 mL distilled water.
# Materials for making yeast beads can be found in Yeast Bead Invertase/Catalase Investigation.

References
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) Brine Shrimp Investigation

Overview

This Brine Shrimp Investigation is about examining the behaviours of brine shrimps (Millar, et al.,

1994).

Students design experimental set-ups to investigate the preference of brine shrimps for light colours.
Students are given the opportunity to design and carry out experiments in which they generate inquiry
questions, establish sampling strategies, set up replicates, consider the importance of larger sample
sizes, use multiple controls, and construct explanations.

Teaching Plan & Key Features

Lesson

Lesson sequence

Duration
(mins)

Resources

Stage ) Preparing for the investigation

e Students observe and generate questions about brine shrimps to drive inquiry (See-Think-Wonder thinking
routine, Driving Question Board).

e Students read information about brine shrimps (Reading Materials).

1

The teacher allows students to observe adult brine
shrimps and brine shrimp larvae.

The teacher invites students to ask questions about the
brine shrimps.

Students read background information on brine shrimps.
The teacher introduces the investigation question based
on the questions proposed by the students in the Driving
Question Board.

40

Worksheet 1

Stage () Designing the investigation
e Students publish their experimental designs for peer feedback (Mini Whiteboard).

o Students evaluate their experimental set-ups and those of their peers (Gallery Walk).
o Students providing feedback to their peers (Self & Peer Evaluation).

2

Students are given the opportunity to see the materials
and apparatuses and design their own experimental set-
ups in the investigation.

Students share their experimental designs on mini
whiteboards.

Students evaluate their experimental set-ups and those of
their peers in a gallery walk activity.

The teacher provides feedback on students’ experimental
designs.

The teacher introduces the main investigation scenario
and instructs students to design their set-ups.

40

Worksheet 2,
Student Samples 1,
Worksheet 3

Students evaluate their experimental set-ups and those of
their peers.

The teacher provides feedback on students’ experimental
designs.

40

Teacher Notes 1,
Student Samples 2,
Worksheet 4

Stage © Carrying out the investigation
. Students collect more complex data sets by setting up replicates (Complex Data Set).
. Students use cameras to record data (Digital Tool).

4

The teacher provides students with the laboratory manual.
Teacher asks questions to help students connect their lab
experience and related ideas/scientific inquiry skills
Students carry out the investigation.

40

Laboratory
Manual
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Stage 0 Explaining and evaluating data
. Students propose explanations to account for their data based on additional information about the brine
shrimps (Explanation Construction Task).
° Students reflect on their learning experiences using the reflection templates (Reflection Cards).
Before e Students complete data reporting and analysis at home. Teacher Notes 2
Lesson 5 e  The teacher collects and marks student responses.
5 e The teacher provides feedback on students’ performance 40 Teacher Notes 2,
related to data reporting and analysis. Worksheet 5,
o  Students reflect on their learning and share their Student Samples 3
reflections.

Important Notes

o This investigation involves the use of live organisms. Students should handle brine shrimps with care
and respect their lives.
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Instructional Materials

Stage @ Preparing for the investigation

o

Student Worksheet 1

/ Notes for teachers \
o Teachers distribute Worksheet I and invite students to observe adult brine

shrimps and brine shrimp larvae.

e The Supplementary Resource section contains the list of materials.

e Teachers use the See-Think-Wonder thinking routine to encourage students to
make careful observations and propose scientific questions.

e More information about thinking routines can be found on the website:

https://pz.harvard.edu/thinking-routines

e Teachers may project the microscope image of brine shrimp | ||

larvae. Scan the QR code below to see an example.

e Student questions may be posted on the Driving Question

Board.

e After collecting student questions, teachers can distribute the
reading material about brine shrimps and focus students on /
?7

the inquiry question, ‘Do brine shrimps prefer to live in the light or the dark

Task 1

Examine the brine shrimps given. Answer the following questions:
=  What did you notice about the brine shrimps?
=  What do you want to know more about the brine shrimps?

Brine shrimps are very delicate
animals, and you must take care not to
harm them when you handle them.

See Think

® @

Wonder

o

“See-Think-Wonder” is a thinking routine
that encourages careful observation and
thoughtful interpretation. It helps stimulate
curiosity and sets the stage for inquiry.
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Information about Brine Shrimps

Directions
Read background information about brine shrimps.

Brine shrimps begin their lives as tiny larva after
hatching from tiny cysts. Young shrimp larvae are
called nauplii (nor-plee-ce). In approximately 4—6
weeks, the shrimps reach their adult size of
approximately 1 cm in length. See Figure 1.

Brine shrimps have a head, middle (thorax), and tail
(abdomen). On the front of the head are two little
black eyes. There are also two small antennas that
stick out forward. These are sensory structures for
feeling the environment ahead. Brine shrimps usually
move about on their backs, upside down with their
leafy legs uppermost. The 11 pairs of leafy legs are
used for swimming along in the water and as gills.

Figure 2

Brine shrimps (Artemiu) are crustaceans and relatives of crayfish, lobsters, and hermit crabs. They are
often referred to as ‘sea monkeys’ and are found worldwide in salt lakes. The salinity of salt lake water
can exceed 280 g salt/L, whereas that of sea water is 35 g salt/L.

Figure 1

In males, the second antenna develops into
large, hooked claspers. Males have a
translucent body and are sometimes greenish-
blue in colour.

The females are brown/red in colour and have
a bundle of eggs in a brood-pouch halfway
along their bodies.

See Figure 2 for diagrams of brine shrimps.
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Modified from Dockery and Tomkins (2000); Tomkins (2000).
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Stage ® Designing the investigation

Student Worksheet 2

/ Notes for teachers \

= Teachers distribute Worksheet 2 and instruct students to design the
experimental set-ups.

= Teachers can show students the materials and apparatuses to facilitate their
design.

= Teachers can ask students to share their set-ups in small groups and instruct
them to draw their experimental designs on mini whiteboards.

= Teachers can facilitate a gallery walk activity to give students an
opportunity to evaluate the set-ups designed by their peers using the strategy
Two Stars and a Wish.

= Some student work samples are shown below to illustrate possible student

k thinking,

Task 2(a)
e Imagine that you are working in a shop that sells brine shrimps. You would like to know more about
the behaviours of brine shrimps. In particular, you wondered about the following question:

Do brine shrimps prefer to live in the light or in the dark?

You found the following materials in the laboratory:
e 1 beaker of adult brine shrimps e Timer
e Containers of various shapes (petri dish, Camera (mobile phone)
measuring cylinder, and water tank) Light source
e Salt water Dropper for transferring brine shrimps
e Aluminium foil Any other equipment you need (please

specify)

You may want to think about the following questions when designing your experiment:
e  What factor will you change?

What factor will you measure?

How will you collect the data?

How will you reduce the measurement errors?

What factors must be controlled?

e  What is your experimental design? You may want to use a diagram to show your idea.
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Task 2(b)

e Share your ideas with the person next to you.
e Draw your group’s experimental set-up on the mini whiteboard.
(Note: Please annotate your group’s diagram to highlight any important design decisions.)

Students are allowed express their ideas
either through drawings or in written words.

Mini Whiteboard Template

Designed by:

Students display their drawings, making their
thinking visible.

ﬁ Scan the QR code to get a copy of the Mini Whiteboard.
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Student Samples 1 (Worksheet 2

Sample 1

Sample 2
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Sample 3

Notes for teachers \

Teachers can distribute Worksheet 3 and do a gallery walk activity for students to
evaluate their peers’ set-ups.

Some set-ups on the worksheet are similar to the typical student samples. For
example, it is common for students to propose using two containers, one for a
light condition and one for a dark condition (Sample 1, Design A on Worksheet
3).

Students may also propose a set-up with light intensity as a continuous
independent variable (Sample 2).

Students may also propose control set-up (Sample 3, Design B on Worksheet 3).
Teachers can press students for their reasoning for why the set-up they choose
can produce the most accurate and reliable data.

e Teachers can ask students to write \
comments on individual Post-it notes,
which they can then post to share
feedback on their classmates’
experimental designs. Teachers may use
the feedback strategy “Two Stars and a
Wish” and ask students to provide two
positive comments (the “stars”) about
each experimental design, along with one
constructive suggestion for improvement

k (the “wish”). /
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Student Worksheet 3

Task 3
» Examine the following experimental designs.

Aluminium foil Control
(To cover half of the dish to allow the brine (To see if the brine shrimps choose to stay
shrimps to choose to stay in the side with in the particular side when no treatment is
light or that without light) done)
1. Which set-up do you think can produce data that can answer the investigation question? Why do
you think so?
We think that
O Design A O Design B
roup’s design eers’ design

O My group’s desig O My peers’ design ( )

can produce data that can answer the investigation question

because
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Teacher Notes 1

/ Notes for teachers

e The following shows the main investigation context for
students to work on.

e Some questions may be used by teachers to guide students
in thinking about or assessing the scientific inquiry skills
related to experimental designs.

e Student work samples are shown below to illustrate possible E

student thinking.
\ e Scan the QR code to get a copy of the Google Form. )
4 )

Teachers can decide whether to give
feedback to students and what type of

Task 4 feedback to prov1de based on their

E— responses in the Google Form. y

Scenario

your investigation:

You would like to find out whether brine shrimp larvae would prefer to live in different light colours
(i.e., red, green, yellow, and blue light). You find the following materials in the school laboratory for

Brine shrimp

Camera

Timer

Light source
(red, green, yellow, and blue)

Petri dish

Salt water

Plastic dropper

(for transferring the brine shrimp larvae)

Aluminium foil

Measuring cylinder (for
measuring salt water)

(a) Complete the following table to show your design:

Independent variable (X)

Dependent variables (Y)

Controlled variables

(What is X? How to change and | (What is ¥? How to measure Y?) | (Anything else that likely affects

manipulate X?)

r?)

Sample
(How many individuals?)

Controls
(Do you need control? Why?)

Errors
(How will you reduce errors?)

(b) Draw your experimental design and annotate your diagram:
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Student Samples 2 (Task 4

Sample 1
blue light reew ]t
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/ Notes for teachers \

e Teachers can distribute Worksheet 4 and ask students to evaluate their peers’
set-ups and the set-ups on Worksheet 4.

e Some set-ups on the worksheet are similar to the typical student samples. For
example, it is typical for students to propose Design A (Sample 1).

e Teachers can focus on several scientific inquiry skills such as how to sample
the brine shrimps, the concept of controls, and alternative designs.

e Teachers can press students for their reasoning for why the set-up they choose

\ can produce the most accurate and reliable data. /
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Student Worksheet 4

Task 5
= Examine the following experimental designs.

Design A

Design B

(a) Which one of the following set-ups can generate data that are more accurate and reliable? Why do
you think so?

We think that
O Design A O Design B
O Our group’s design

can produce data that are more accurate and reliable because

(b) What else can be improved in the set-up in (a) to generate data that are more accurate and
reliable? Why do you think so?
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Stage ® Carrying out the investigation

Laboratory Manual

~

Notes for teachers

e Teachers can distribute the manual for students to read and prepare before the
investigation.

e Each group can be assigned to investigate the effect of two light colours. Data
can be shared among the class.

e Teachers can ask questions to check if students fully understand the procedures.

The Supplementary Resource section contains the list of materials.

-

Examples of questions include: How will you position the petri dishes, and why? How

Task 6 will you ensure that a similar number of brine shrimp are used in each petri dish?
Procedure
1. Use a plastic dropper to transfer 3 mL of brine shrimp larvae into 3 petri dishes.
2. Gently swirl the petri dish to evenly distribute the brine shrimp larvae.
3. Cover each petri dish with a lid (half black in colour).
4. Position the table lamp 2 cm above the lid of the petri dishes. Brine shrimps are very delicate
5. Switch on the light (red/green colour). animals, and you must take care not to
6. Cover the set-up with a black cloth/plastic bag. harm them when you handle them.
7. Wait for 5 minutes without disturbing the petri dishes.
8. Remove the black cloth/plastic bag. Be careful not to disturb the petri dishes.
9. Switch on the white light, and immediately record the distribution of the brine shrimp larvae.
10. Repeat Steps 2—9 with blue/yellow light, white light (positive control), and without light (negative
control).
Results
Light Distribution of brine shrimp larvae Preference for this light colour
colour — — — (Strong attraction, weak
Petri dish 1 Petri dish 2 Petri dish 3 attraction, no attraction)
1 With |igh®o light| With |gh©o light | With |gh©o light
2 With Iigh@o light| With Igh@o light | With Igh@o light
Control Distribution of brine shrimp larvae Function of this control set-up
3 P 051t}ve With light No light | With light No light | With light No light
(White
light)
4 Negative

| No light No light| No light No light | No light No light
(no light)
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/ Notes for teachers \

e Brine shrimp larvae are clearly phototaxis. However, teachers may use
adult brine shrimps and ask students to use their data as evidence to support
their claims about the preference of light/light colours of adult brine
shrimps.

e Students may be allowed to design their own set-ups without following a
manual. They can be provided with a Reference Manual as a basis for
creating their own procedures.

e Students can be asked to display their experimental design, data collected,

k and claims on the Inquiry Display Board. /

Scan the QR code to
view the process of the
experiment.

IhE:-:I

The petri dishes can be painted black
by using spray paint.

e  Students display their drawings, experimental
designs, and data on the Inquiry Display Board.

Innovations in Biology Investigations



=B

3% 6
o [HFHELLN 55D R DU TIFSE:
BB

1. IR B R 3 mL AR IR A ad iR 3 3 EIE M,

PR SRR L, & SRR N &R 2 2 0 A o

WM& TR RE SR (— 3R T ER).

A SR TRAE B R L2 T 15 ORI E .

T B8 (AL /4 ) o

I SR A/ BB A8 7 2 T B
ANEATALE B LN YD, 555 1088

BUR BB A /28R /N O AN BT RS e 110

TR A, SLEIECER B R4 a1 70 i 5«

10.  HEAPE2-9, MEDLEOE, AeEE BRI R

O

A S B

BEASR:

AR BEESE M @ R AR R 2 O i
FE AL 1 it 2 FiAem 3 (BSIEE: & 5. %)

1 ik O’ﬂ?;‘: A Q‘m—t#ﬁ At

O

O

K SR ENERENEA

o

B S Bt
(E156) Q

QOO

SO ok mr | e ok
" <:::> <:::>

Innovations in Biology Investigati




Teacher Notes 2

Notes for teachers

e The following are possible questions that teachers can use to guide students in
thinking about or assessing their scientific inquiry skills related to data analysis

and interpretation.

e Student work samples are shown below to illustrate possible student thinking.

Task 7

Possible questions

1. Complete the following table to show what deduction about the light colour preference of brine

shrimps can be made by comparing the results of the following set-ups:

Set-ups

Deduction

1 versus 4

2 versus 4

2. You read the following information on a website:

Sunlight is a mixture of all colours of
light. However, as sunlight travels
through water, red and yellow light are
absorbed, leaving only blue and green to
be transmitted. In other words, blue light
passes through water best, followed by
green, yellow, and red lights. Red light is
quickly filtered from water as the depth
increases and effectively never reaches
the deep ocean.

Based on the above information, propose a possible explanation for your experimental results.

Notes for teachers

deduction.

information and data.

e Q.1 assesses students’ ability to make claims based on the data by logical

e (.2 assesses students’ ability to propose possible explanations based on given

~

j
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The following shows some students’ responses to Q.2:

Sample 1

Sample 2:

Sample 3:

About the samples

e Sample 1 could not relate the experimental results with the information
given. There is a lack of biological explanation.

e Sample 2 could relate the brine shrimp preference for blue light with greater
transmittance of light in water but could not give a biological explanation.

e Sample 3 could relate the brine shrimp preference for blue light with greater
transmittance of light in water and provide a biological explanation.

)
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Student Worksheet 5
4 N\

Notes for teachers

e Teachers can distribute the mini whiteboards and invite students to reflect on
their learning from the whole investigation.

e Teachers can ask students to read other reflections and compare their learning
with others.

e Teachers may also ask students to elaborate on their reflections.

- /

Task 8

e Reflect on your learning from the Brine Shrimp Investigation. What is your most
important/impressive learning? Write down your thoughts on the mini whiteboards.

Reflection Card Template

Students share their reflections with their peers.

ﬁ Scan the QR code to get a copy of the Mini Whiteboard.

2AE TR ()

1£3% 8
o SUBARIE ZERTHR 7 (BT L AR R T AR ) () B R A R R R AR B A R AR AR o

B ook s E k.
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Student Samples 3 (Worksheet 5
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About the samples

* As shown above, typically students not only identified the learning of scientific
inquiry skills (e.g., concepts of controls) as important learning outcomes but they
would also develop affective outcomes related to handling living organisms.
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Supplementary Resources

Possible Modifications

1. ‘Plankton rainbow’ demonstration

e The plankton rainbow
demonstration can be set up using
several glow sticks in multiple
colours (blue, green, and red)
and/or light sources with different
colours.

e Details can be found in Exploratorium (2024).

e Scan the QR code for a video of the plankton rainbow demonstration.

Technician Notes

1. Materials for Task 1

e Adult brine shrimp in a petri dish
e Juvenile brine shrimp in a petri dish

2. Materials for Task 2
e 1 beaker of brine shrimps e Timer
e Containers of various shapes (petri dish, e (Camera (mobile phone)
measuring cylinder, water tank) e Light source
e  Salt water e Plastic dropper for transferring brine shrimps
e Aluminium foil
3. Materials for Task 6
Materials for each group
e Petri dish (with half of the | e Plastic dropper e Black cloth/plastic
lid painted black) X 6 bag
e Brine shrimp larvae in a e LED light bulb of different colours | ¢ Timer
beaker (Red, Green, Blue, White)
e Ruler e Table lamp e (Camera

References
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Tomkins, S. (2000). A review of the use of the brine shrimp, Artemia spp, for teaching practical biology
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Summary

Design Principles & Implementation Strategies

e Several design principles and implementation strategies for investigative practical work can be
distilled from the nine sets of investigative practical work in this educative curriculum material

package.

e In terms of teaching goals,

e avoid verification-based practical work that simply illustrates scientific content or concepts.

e purposefully embed opportunities for students to learn different scientific inquiry skills and
participate in different forms of investigative practical work throughout secondary school.

e In terms of design and implementation of effective investigative practical work,

Stage

Design principles

Implementation strategies

© Preparing for
the investigation

Situate the investigations in meaningful scenarios/contexts
relevant to students (Contextualisation)

Provide sufficient background information for students to
comprehend the context of the investigation

Assess students’ background knowledge related to the
investigation

Allow students to raise questions about the investigation or the
context

Reading Materials
Diagnostic Assessment
See-Think-Wonder
Chart

Driving Question
Board

@® Planning and
designing the
investigation

Allow students to design their own set-ups

Show students the materials and apparatuses to facilitate their
design

Allow students to trial run their designs and set-ups

Engage students to evaluate and revise their own and others’ set-
ups/designs

Investigation Planning
Template

Annotated Diagrams
Virtual Laboratory
Mini Trial Run

Mini Whiteboard
Gallery Walk

Self & Peer Evaluation

© Carrying out
the investigation

Remove experimental procedures that require significant
procedural demands

Allow students to modify procedures in the reference manual
Make use of microscale instrumentation (Microscale
Instrumentation)

Make observations vivid and interesting (e.g., colourful)
Engage students in collecting a large set of data (e.g., repeating
their measurements, setting up replicates) (Complex Data Set)
Perform a demonstration of difficult procedures

Provide support for data collection (e.g., data collection sheet,

Reference Manual
Video with Guidance
on Procedures

Teacher Demonstration
Integrated Instruction
Sheet

Data Collection Sheet
Digital Tool (e.g.,
camera for recoding
(time-lapse)

guidance on procedures [e.g., video]) videos/data)
Allow students to use digital tools to collect and record data
O Analysing, Allow students to use digital tools to visualise, represent and e Digital Tool (e.g.,
interpreting, analyse data Google Sheet for

evaluating and
explaining data

Engage students in analysing and interpreting complex data sets
Allow students to compare their data sets with those of other
groups

Involve students in assessing the quality of their data by critically
evaluating their own and their peers’ data (or class data)

Have students use data to make or evaluate claims and scientific
explanations/make decisions/solve problems (Explanation
Construction/Decision-making/Problem-solving Task)
Promote student reflection on the process of the investigation
(e.g., learning from errors, improving the experimental designs)

recording and
manipulating data)
Data-sharing Web
Platform

Inquiry Display Board
Reflection Card or
Journal

Embedding scaffolds and structures for students to express their thinking
Orchestrating meaningful dialogues around important scientific thinking

Providing substantive feedback to advance student thinking

Innovations in Biolog




e Teachers may find the following design guidelines useful for developing and modifying classroom
learning/assessment tasks related to scientific investigations:

Design guidelines

Description

Contextualise the investigation task e  Situating investigations in authentic and meaningful
contexts that activate students’ prior knowledge and
resources and legitimise the investigations

Avoid verification-based practical e Engaging students in the meaningful use of data

work obtained from the investigation to solve problems,
make decisions, and explain phenomena, rather than
simply verifying scientific concepts they have learnt

Include scientific investigation e Including scientific investigation skills related to

skills related to experimental experimental design, data analysis, and interpretation as

design, data analysis, and objectives of learning/assessment in addition to content

interpretation as objectives of knowledge

learning/assessment.

Maintain a certain degree of e Providing opportunities for students to make decisions

openness in the investigation task throughout the course of the scientific investigation
(e.g., generating inquiry questions, designing their own
experiments, modifying standard procedures,
processing their data and etc)

Reduce learning noise in e Removing or reducing experimental procedures that

experimental procedures require significant procedural demands

e Using microscale instrumentation to shorten the
duration of the investigation

Involve students in collecting and e Allowing students to collect or work with a larger data

making sense of more complex set (e.g., by repeating their measurements, setting up

data sets using digital tools (when replicates, or pooling class data)

applicable) e Using digital tools to collect, process, and analyse data
sets

Embed scaffolds and structures e Embedding various types of scaffoldings and structures,
including sensory (e.g., visual aids or graphic
organisers), social, and linguistic scaffolds (e.g.,
sentence frames or definitions of key words) without
watering down the cognitive demands of the task

Use multiple task and question e Using multiple task components with at least one or

components in assessments more components for eliciting students’ cognitive
understandings

e Using multiple questions and formats to elicit students’
cognitive understandings related to experimental
designs, data analysis, and interpretation

Use scoring tools in assessments e Using scoring tools (e.g., rubrics, checklists, or scoring

guides) that clearly delineate objectives of assessment
and articulate students’ levels and progressions in their
thinking about experimental design, data analysis, and
interpretation for a holistic scoring of student responses

e The project team hopes that this educational curriculum material package will be a useful resource for
teachers in enhancing the teaching and learning of biology through meaningful use of investigative
practical work.
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Resources

Resource Files

e Readers can download the resources of each investigative practical work. These electronic files are
also available on the USB flash drives.

Microscale Amylase Yeast Bead Invertase Yeast Bead Catalase
Investigation Investigation Investigation

Banana Ripening Lipase Inhibitor Photosynthesis Inhibitor

Investigation Investigation Investigation

Cat Grass Yeast Respirometer Brine Shrimp

Investigation

Investigation Investigation

Feedback

e The project team welcomes feedback and comments on the educative material E?&}'E
package. If you have any questions or feedback about the package, please fill out ;
the Google Form (please scan the QR code). The project team will contact you. :
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