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Objectives

To enhance teachers’ understanding of the assessment
requirements and marking criteria of Area B1 of SBA

To share some strategies teachers can use to support student
learning in the new format of SBA



Outline of the seminar

© Background of the SBA Initiative

® Discussion on the scoring of the student samples

©® Strategies to support student learning in the SBA



© Background

Changes in format of SBA:

Students do NOT need to write procedures in their investigative lab
reports

Specific guiding questions may be formulated to guide students to
explain their experimental design decisions

Goals of the initiative:

SBA serves better formative functions in enhancing both teacher and

student learning
SBA becomes enjoyable learning experiences for students and
experiences for teachers



© Background

Assessment Trianqgle

Observation Interpretation

Cognition

(e.g., knowledge, skills, attitudes)

National Research Council. (2001). Knowing what students know: The science and
design of educational assessment. National Academies Press.



© Background

A list of scientific thinking

Procedural knowledge

Example

Asking scientific
questions

Understanding what a ingful scientific question
that can be investigated within the scope of the school
laboratory means

Link

Appropriate design

Understanding different types of design for a (given)
scientific question, e.g., experimental, field-based, fair
testing, classifying, pattern-seeking

Hypothesis

Understanding the idea of (an explanatory) hypothesis,
which is a tentative explanation or an initial model for a
phenomenon/an investigable question that asks for an
explanation of wiy something happens using biological
principles/knowledge

Prediction

Preparing for the investigation

Understanding that predictions are the outcomes you
would observe in relation to the hypothesis/model.
Predictions are often written in the form of “Jf....
then...”

Sampling

Hypothesis

Measurement

Cognition

National Research Council. (2001). Knowing what students know: The science and

sic Performance

Good Performance

Excellent Performance

o | BL State briefly the overall G1. Explain how the overall experimental
=% ; ° . . perimenta’
23 experimental design and its design is related to underlying biological
g% underlying biological principles principles and/or concepts
22 and/or concepts
a5
= | B2 Mdentify the hypothesis tested G2. State the predicted results based on the | E1. Elaborate how the predicted results
RS hypothesis give/does not give support to the
< g E hypothesis
A
> 28
R
G3. Identify errors/issues related to the L2. Suggest and explain ways to reduce
= sampling method(s) and a small sample sampling errors (c.g.. random
= N .
s size sampling) and average out cffoct of
2 variations within a sample (e.g..
i ing sample size)
- B3. Identify the DV and IV Gd4. Explain why the variables are DV and
o pam WhY fhe va
é = 1V in the investigation
SE G5. Identify multiple IV/DVs
=g B4. State the methods of G6. Explain how variables are connected E3. Explain the limitations related to the
£ e i with the manipulation(s) and manipulation/measurement method(s)/
R g ) i ) for the variable(s)
R E4. Discuss the strengths and limitations of
EE the altermat
e} BS. State the predicted results based
on the relations] s) between the
) he relationship(s) b th
variables
N B6. Identify some CVs G7. Identify important CVs ES. Explain why some important CVs need
L to be
zE g B7. Identify the control set-up(s) G8. Explain why the control sct-up(s) (... | E6. Discuss the limitations of the control
SET multiple control set-ups in some set-up(s)
= investigations) is/are needed
BS. Identify important measurement | G9. Suggest ways to reduce measurement E7. Explain why some procedures can
- errors errors (e.g.. using an instrument with a reduce measurement errors (e.g..
H higher sensitivity)/enhance reliability repeated/averaging measurements for
g (c.g., repeated measurements, using reducing random crrors; calibration for
g different measurement reducing systematic errors; involving
g ‘methods/instruments) multiple observers to minimize
= individual bias; choosing an instrument
that has a higher sensitivity to reduce
errors)
o E8. Identify the significant assumptions of
E:F the design
ES
hal]
z7e
G10. Explain why a specific step is E9. Discuss design decision(s) related to/
conducted and its impact on the validity evaluate the overall validity and
" and reliability of the experimental design reliability of the experimental design
H Gl11. Suggest alternative designs E10. Discuss the limitations and strengths
g of alternative designs (e.g., achieving

the same investigation aim using
different designs, within subject and
between subject design)

design of educational assessment. National Academies Press.




© Background

Basic Performance

Good Performance

Excellent Performance

BI. State briefly the overall

GL. Explain how the overall experimental

- - == - - T3 5 - : . A PR
2 EZ experimental design and its design is related to underlying biological
I s 0 s c I e “ I I c I n I “ E" E = underlying biological principles principles and/or concepts
E‘% Z 2 and/or concepts
&
2 = B2. Identify the hypothesis tested G2. State the predicted results based on the El. Elaborate how the predicted results
sy | : Eo hypothesis give/does not give support to the
S92 5 hypothesis
£ 3Tz
£ £°
Procedural knowledge Example
Asking scientific Understanding what a meaningful scientific question Link b E
questions that can be investigated within the scope of the school Z b1
laboratory means 5 W h t t T t h B 1 t
B Appropriate design Understanding different types of design for a (given) Link gﬁ a. O aS S eS S I n e p ar
< scientific question, e.g., experimental, field-based, fair s E
- . o = =5 . . .
L0 testing, classifying, pattern-seeking .
=
: 0] € Investigative reports
P 3 T x e ——
= Hypothesis Understanding the idea of (an explanatory) hypothesis, Link -
p . )
= which is a tentative explanation or an initial model for a £3 ﬂ
= 2 : » 9 =
- phenomenon/an investigable question that asks for an E ) on't
= explanation of w/y something happens using biological variables
&0 principles/knowledge . B6. Identify some CVs G7. 1dentify important CVs ES. Explain why some important CVs need
s = T2 to be controlled
g £3 5 B7. Identify the control set-up(s) G8. Explain why the control set-up(s) (., | E6. Discuss the limitations of the control
b S : Eigs S 'E i i
= Prediction Understanding that predictions are the outcomes you Link CET multiple control set-ups in some set-up(s)
o i 7 investigations) is/are needed
would observe in relation to the hypothesis/model. — .
2 5 A s = £, £ o . Identify important measurement . Suggest ways to reduce measurement . Explain why some procedures can
Predictions are often written in the form of “/f. B8. dentify 69.8 d E7. Explain wh d
- “ e - errors errors (e.g., using an instrument with a reduce measurement errors (e.g.,
then... g higher sensitivity)/enhance reliability repeated/averaging measurements for
E (e.g., repeated measurements, using reducing random errors; calibration for
5 different measurement reducing systematic errors; involving
§ methods/instruments) multiple observers to minimize
= individual bias; choosing an instrument
that has a higher sensitivity to reduce
errors)
N ES. Identify the significant assumptions of
& _ = the design
£5s
2 =g
G10. Explain why a specific step is E9. Discuss design decision(s) related to/
conducted and its impact on the validity evaluate the overall validity and
- and reliability of the experimental design reliability of the experimental design
_E G11. Suggest alternative designs E10. Discuss the limitations and strengths
z of alternative designs (e.g., achieving

~N

J

the same investigation aim using
different designs, within subject and
between subject design)




© Background

Observation Interpretation

(e.g., situations, tasks, activities)

Cognition

National Research Council. (2001). Knowing what students know: The science and
design of educational assessment. National Academies Press.



© Background

1.

Experimental question
How does the concentration of ethanol affect the membrane permeability of beetroot?
Design

The cells of beetroot have red pigment in the vacuoles. When the membranes of the vacuole and the cell
membrane are damaged by ethanol, a kind of alcohol, pigment will leak out. With this information, design an
experiment to answer the experimental question.

In this experiment, we are investigating how a factor (independent variable, IV) affects another
factor (dependent variable, DV). What are the DV and IV of this experiment?

IV is the concentration of ethanol. DV is the membrane permeability. (#1)

Explain how the membrane permeability of the beetroot cells can be measured based on the above
information. Suggest an accurate and reliable method for the measurement.

The membrane permeability can be measured by the amount of red pigment leaked out of the
vacuoles. The amount of red pigment can be estimated from the intensity of red colour as judged
by eyes or more accurately by colorimeter. (#11)

What do you predict the results when beetroot tissues are put into different concentrations of
ethanol?

The higher the concentration of the ethanol, the more the membrane is damaged. More red
pigment will leak out from the vacuoles, producing darker red colour at higher ethanol
concentrations. (#3)

Will you (1) put the same beetroot into different conc:
different beetroot into different concentrations of etha
each design.

trations of ethanol one after one, or, (2) put
igcuss the strengths and drawbacks of

Design (1) has the problem that the membrane of beetroot h
treatment of the ethanol and some red pigment has leaked out®
concentration of ethanol. Design (2) avoids this problem, but the
concentrations of ethanol may be differen -
makes the comparison between differen

Your teacher stresses that the beetroot
concentration of ethanol. Explain why it

The shape and size of beetroot affect it
larger surface area will have faster leak:
" L by

SBA Sample Task 1

Sample Task 1
Iavestigating enzymatic activities of bislegical washing pawders
Scenario

| Blological washisg powiers comsmnly contsn ey 1 help remove sams. These enzyme sy
| clude smylate, protesses and or lipases

‘ Rich

0 bwol

b can smenure the actvity of aenylase sad pro < "
He read the following

b agar plates and smmed mlk agar plates. respe

| mfor 1

«  Whes starch in the starch ngar plate i broken dows by » chear 7one forms when the
!
o The while cobur of sk ik agar is comed by the pn i, Whes caseio is
digessed by peoteases, a clear 700 will form in the skimmed milk-npar plate
Richard waiited 1o compare the activities of amylae nad protease in three differvas braods of
| biological washing posder he found i the supermarkes. He aimed 10 ideutify the brasd that is most

| cost-etiective i removing staies

SBA Sample Task 2

SBA Sa ank 2

o 9 X
Sormario:

Fiydeegen perm
aries. b

How to assess: Samples tasks to illustrate how to
elicit student understandings related to the

experimental designs

Measurements
Alternative designs

epetition and replicates




© Background

Notes:

We do NOT encourage using full report as it may be limited in
eliciting student understandings related to experimental designs

Using a variety of guiding questions allows teacher to surface
targeted students' understandings for both summative and
formative functions

If teachers think that full report is a better tool for differentiating the
ability of their students in terms of their ability to design experiments,
the NEW assessment guidelines should be followed.




© Background

Sample 1

Scenario:

As industrial liquid waste ofien contains heavy metal ions that can inhibit the catalase activity of

yeast beads, more yeast beads need 1o be used 1o achieve the same efficiency.

Your biology teacher has asked you to design an investigation 1o investigate the effect of different types of

heavy metal on the activity of yeast bead catakise under different concentrations. This information is

important for determining the

Jase uctivity of yeast beads in removing hydrogen peroxide in water
with heavy metal

You have been given the following materials and apparatus:

IM Nickel chloride solution Forceps Plastc vial
1M Copper sulphate solution Plasic petri dish Timer
0.1% Hydrogen peroxide Dropper 10 mL. measuring cylinder

25 ml. beaker

Scissors. Ruler

Distilled water
Yeast beads

| mL pipetie
Pipettc filler

|
!
T

Design of the investigation:
Answer the following questions o help you design the investigation:

a) What are the independent variables and dependent variable of the investigation?
tndependent variabes: Types of heawy metal concesrafions of heavy mefal

Dependent variable: _Qcfivity of azmd beads catalase =

(b) Explain how you would manipulate the independent variables using the above materials and apparatus.
To., masipulote diffrt conentmdions of heauy metal sadd, didilled
waler to the solution ‘uith Aeawy metal  Add he sane ampurt of water
fo the I _sidkel cHloide solution_ard l1n wopper <olution _in_ocder to kwitr
the (on tentration, resulfing in o different (oncetration, rgfj‘mjale,ymdmt variabl,
abost ijpf.i of }vm/j metal e both kel (Noide solution and.
Copper m]lzhtt sohifion_ownd. m,rﬁ,,on* the_came. sleps of _the experimant.

(€) Explain how the dependent variable could be measured using the above materials and apparatus.
Use the timer 4o meosure the fime faken for the paper
fisk to_rise to he cufie of the cdufion. The shorter the
tokem for the pagar disk to vise fo the Sufuce , the Agher the
actiaty of geast head. colalace —- -

Basic Performance

Good Performance

Excellent Performance

BI. State briefly the overall

G1. Explain how the overall experimental

= g
8 %_ é" experimental design and its design is related to underlying biological

EXE underlying biological principles principles and/or concepts

TE2 and/or concepts

gag

2 5 | B2 Identify the hypothesis tested G2. State the predicted results based on the | EI. Elaborate how the predicted results
t i3 hypothesis give/does not give support to the
N hypothesis

£ E=

= &

o G3. Identify errors/issues related to the E2. Suggest and explain ways to reduce
E sampling method(s) and a small sample sampling errors (c.g., random

£= size sampling) and average out effect of
SE€ variations within a sample (e.g..

sample size)

Dependent variable (DV)

& Independent variable
av

B3. Lentify the DV and IV

G4. Explain why the variables are DV and
IV in the investigation

GS. Identify multiple IV/DVs

4. State the methods of

G6. Explain how variables are connected
with the manipulation(s) and

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

E

=

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

BS. State the predicted results based
on the relationship(s) between the
variables

B6. Identify some CVs

G7. Identify important CVs

ES. Explain why some important CVs need

z % - to be controlled
3] : B7. Identify the control set-up(s) G8. Explain why the control set-up(s) (e.g., E6. Discuss the limitations of the control
S E = multiple control set-ups in some set-up(s)
investigations) is/are needed
BS. Identify important measurement | G9. Suggest ways to reduce measurement E7. Explain why some procedures can
" errors errors (e.g., using an instrument with a reduce measurement errors (e.g.,
g8 higher sensitivity)/enhance reliability repeated/averaging measurements for
£ (e.g., repeated measurements, using reducing random error
5 different measurement reducing systematic errors; involving
E methods/instruments) multiple observers to minimize
= individual bias; choosing an instrument
that has a higher sensitivity to reduce
errors)

- - E8. Identify the significant assumptions of
=B i
EsE the design
2 =
:Z <

G10. Explain why a specific step is 9. Discuss design decision(s) related to/

conducted and its impact on the validity evaluate the overall validity and

. and reliability of the i 1 design reliability of the i 1 design
g G11. Suggest alternative designs E10. Discuss the limitations and strengths
3 of alternative designs (e.g., achieving

the same investigation aim using
different designs, within subject and
between subject design)

National Research Council. (2001). Knowing what students know: The science and

Interpretation

(e.g., making inference, judgments)

design of educational assessment. National Academies Press.



© Background

Assessment Guidelines

 Biological principle/knowledge

* Hypothesis & Prediction

« Sampling

« DV, IV, CV

 Measurement

« Assumption

« Others (design decisions,
alternative designs)

Unattained Basic Good

Basic Performance

Excellent Performance

=9 % BI1. State briefly the overall G1. Explain how the overall experimental

223 experimental design and its design is related to underlying biological

é” g ® underlying biological principles principles and/or concepts

% i E and/or concepts

P = B2. Identify the hypothesis tested G2. State the predicted results based on the El. Elaborate how the predicted results

i ol = hypothesis give/does not give support to the

g 3 :g 3 hypothesis

& o=

g £°

o0 G3. Identify errors/issues related to the E2. Suggest and explain ways to reduce

é‘ ’Ea sampling method(s) and a small sample sampling errors (e.g., random

E‘ : size sampling) and average out effect of

ST variations within a sample (e.g.,
increasing sample size)

B3. Identify the DV and TV G4. Explain why the variables are DV and

= ﬁ IV in the investigation

%’ -E G5. Identify multiple IV/DVs

% g B4. State the methods of G6. Explain how variables are connected E3. Explain the limitations related to the

=B measurement(s)/manipulation(s) with the manipulation(s) and manipulation/measurement method(s)/

g3 E measurement(s) instrument(s) for the variable(s)

= i = E4. Discuss the strengths and limitations of

é 3 the alternative measurement method(s)

S5 BS. State the predicted results based

S 3 on Fhe relationship(s) between the

variables
" B6. Identify some CVs G7. Identify important CVs ES5. Explain why some important CVs need

E % o to be controlled

s = 5 B7. Identify the control set-up(s) G8. Explain why the control set-up(s) (e.g., E6. Discuss the limitations of the control

(3 E ~ multiple control set-ups in some set-up(s)

investigations) is/are needed
B8. Identify important measurement G9. Suggest ways to reduce measurement E7. Explain why some procedures can

- errors errors (e.g., using an instrument with a reduce measurement errors (e.g.,

= higher sensitivity)/enhance reliability repeated/averaging measurements for

g (e.g., repeated measurements, using reducing random errors; calibration for

5 different measurement reducing systematic errors; involving

§ methods/instruments) multiple observers to minimize

= individual bias; choosing an instrument
that has a higher sensitivity to reduce
measurement errors)

i _ E8. Identify the significant assumptions of

s _ = the desi,

S5 -

< ::

Excellent

G10. Explain why a specific step is

conducted and its impact on the validity
and reliability of the experimental design

E9.

Discuss design decision(s) related to/
evaluate the overall validity and
reliability of the experimental design

G11. Suggest alternative designs

E10. Discuss the limitations and strengths

of alternative designs (e.g., achieving
the same investigation aim using
different designs, within subject and
between subject design)




© Background

Assessment guidelines have taken into account
Aspects of understanding (e.g., control-of-variable, assumption)
Cognitive processes (e.g., describe, explain)

Basic Performance Excellent Performance
- B6. Identify some CVs G7. Identify important CVs ES5. Explain why some important CVs need
-E % o to be controlled
s = 0 B7. Identify the control set-up(s) G8. Explain why the control set-up(s) (e.g., E6. Discuss the limitations of the control
5 E multiple control set-ups in some set-up(s)

investigations) 1s/are needed

E8. Identify the significant assumptions of

e _ = the design
S5 i
v
2 ©
G10. Explain why a specific step is E9. Discuss design decision(s) related to/
conducted and its impact on the validity evaluate the overall validity and
and reliability of the experimental design reliability of the experimental design
G11. Suggest alternative designs E10. Discuss the limitations and strengths

Others

of alternative designs (e.g., achieving
the same investigation aim using
different designs, within subject and
between subject design)




© Background

Scoring

should focus on whether the responses demonstrate the
performance described in the assessment guidelines

should focus on the meaning, concepts and ideas associated with
the experimental design decisions

should aim to produce correct rank order and differentiate students’
responses




© Background

Scoring

should NOT follow all-or-none principle (e.g., excellent or unattained)
should NOT focus on trivial wordings and the presence of certain

keywords only (rather than ideas)

Basic Performance

Excellent Performance

Control
variables
(CV)

B6. Identify some CVs

G7. Identify important CVs

E5. Explain why some important CVs need
to be controlled

B7. Identify the control set-up(s)

G8. Explain why the control set-up(s) (e.g.,
multiple control set-ups in some
investigations) is/are needed

E6. Discuss the limitations of the control

set-up(s)

E8. Identify the significant assumptions of

R the design
Sk
w
z <
G10. Explain why a specific step is E9. Discuss design decision(s) related to/
conducted and its impact on the validity evaluate the overall validity and
- and reliability of the experimental design reliability of the experimental design
E G11. Suggest alternative designs E10. Discuss the limitations and strengths
5 of alternative designs (e.g., achieving

the same investigation aim using
different designs, within subject and
between subject design)




Outline of the seminar
-
© Background of the SBA Initiative

® Discussion on the scoring of the student samples

® Strategies to support student learning in the SBA



® Discussion on the scoring

Questions

- What are your general impressions of
the samples?

- Did you encounter any difficulties In
scoring the samples?




Sample Task

Yeast Bead Catalase Investigation

Context

The samples were selected from two S.4 classes (h=52) in a Band 1 school.

Students completed a preparatory task before working on the B1 task sheet
In the lesson

Students learned some basic ideas about experimental designs in Unit 1.

2H202 = (O2 +



Investigating the effect of heavy metals on catalase activity of veast beads

Scenario:

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

Students are given a
scenario in this task sheet.
This scenario appears more
unfamiliar to students.
Teachers may offer various
kinds of support to students
(e.g., preparatory tasks,
performing a similar
practical work).

Yeast cells contain catalases, which catalyse the
breakdown of hydrogen peroxide into oxygen and
water. Yeasts can be immobilised to form yeast beads
using some chemicals. Immobilised yeasts are also
active. The yeast beads can be collected and reused
after reaction.

As industrial liquid waste often contains heavy metal
ions that can inhibit the catalase activity of yeast beads, more yeast beads
need to be used to achieve the same degree of efficiency.

Yeast beads
Your biology teacher has asked you to design an investigation to study the
effects of various types of heavy metal on the activity of yeast bead catalase.
This information is important for determining the amount of yeast beads for
removal of hydrogen peroxide in water with heavy metal.

Different [Copper ions]

Multiple IVs
* Type of heavy metal (Copper ions and Nickel ions)
* Concentration of metal ions

Questions on how to manipulate the IVs



B3. Identify the DV and IV G4. Explain why the variables are DV and
IV in the investigation

G35, Identify multiple IV/DVs

(A) Variables

B4. State the methods of G6. Explain how variables are connected E3. Explain the limitations related to the
measurement(s)/manipulation(s) with the manipulation(s) and manipulation/measurement method(s)/
measurement(s) instrument(s) for the variable(s)

E4. Discuss the strengths and limitations of
the alternative measurement method(s)

BS5. State the predicted results based
on the relationship(s) between the
variables

Dependent variable (DV)
& Independent variable
(IV)

(a) What are the independent variables and dependent variable of the investigation? -

Independent variables: lﬁgs of }\e_,m_léa me:'fm\ I.(of\(m’\m'k."'M o{ Aew\}_mpég,\

Dependent variable: _Q.d'w-sf} of jmsi_lmds_g&jnh% Basic
(a) What are the independent variables and dependent variable of the investigation? -
Independent variables: E‘Hf’ r E’r'f T\/P € o{" I\QQV Y Mt Yo af J [ ﬁ[ff ¢ "f (Onc el\ffaﬂ.

— ° ' l =
Dependent variable; | he Qc flv‘fy O’C yeo\S‘(I [) ¢ o\c, (‘c\-{‘;\ /c\;( Basic
J (

(a) What are the independent variables and dependent variable of the investigation? -

Independent variables: T%& an'o( CoruLr l. I m‘hoﬂ mt. l'\mV‘j M‘Eb,‘
Dependent variable: Actv] i TF MIPM+ be@d COITOL/ 2.\8 Basic




(B) Manipulation of IV

You have been given the following materials and apparatus:

IM Nickel chloride solution Forceps Plastic vial
IM Copper sulphate solution Plastic petri dish Timer
0.\% Hydrogen peroxide Dropper 10 mL measuring cylinder
Distilled water | mL pipette 25 mL beaker
Yeast beads Pipette filler Scissors, Ruler

(b) Explain how you would manipulate the independent
variables using the above materials and apparatus.

B3. Identify the DV and IV G4. Explain why the variables are DV and
IV in the investigation

G35, Identify multiple IV/DVs

B4. State the methods of G6. Explain how variables are connected E3. Explain the limitations related to the
measurement(s)/manipulation(s) with the manipulation(s) and manipulation/measurement method(s)/

measurement(s) instrument(s) for the variable(s)

E4. Discuss the strengths and limitations of
the alternative measurement method(s)

BS5. State the predicted results based
on the relationship(s) between the
variables

Dependent variable (DV)
& Independent variable
(Iv)




(b) Explain how you would manipulate the independent variables using the above materials and apparatus.

To_, manipulate dﬁmmmmw_&ﬁ"e& g
wa'e- to ﬂ\e So’u‘h.bn v'/'m\ Aea“'j al . Md Ae SAME. MQW\+ ot wale,

to the IM  aidel LZlor'wle Solution and IM Lopper soldion s ocdear To loveer
3 the (on !éﬂIVafmn.E&sglﬂng in o d(fferent (an centration, For the ?n@md_mj_mgg X

aboud i,apgg of ché’ metal e both nikel Noride  solution amd. _
coprcr_sulphete_sohion_ond. cory out He came. sleps of the exparinat Basic

(b) Explain how you would manipulate the independent variables using the above materials and apparatus

il Prepare  Fou v "V’Mﬁ'c petri disles. One  fillod ith nicke |
e (?\/orIJP §o/h'floh,.0woﬂ€r l-u'ﬂ\ Copper Sh/p[«.’t(’ So/u'f/'oh
Use ﬂe,\ fillg  fhe ,P/"‘f‘fi( veal o Th Jictille waler and pour (nto ;eal’er' Basic
Fil] e p/asfr'f vl with Nicke| chppid e Sofuflon and powr (nf b.,l«r
QV]J ml)‘ f"(}cfﬂ(’/ W#A c“S?l('//&/ woﬂ‘f/’ G\hJ ‘f{// ﬂe 5,_;[,\ W";C[\ =

‘fLe M'YCJ vSo/Lf('l'Ch Peh"o»‘( Th :
; { ‘ Sf t~
e - e o e_sleps [Ju‘( A cc,p,per Ja/’pﬂafc

(b) Explain how you would manipulate the independent variables using the above materials and apparatus.

Prepart bealeys ot - M Nicke il o
(M Cepper swl'phaTﬁmmAAﬁ_t&Lmb_ylfﬁtt&iﬁM&mf -
Ao st zrf ol r'f 1'67/ wonEY o The beal«m 1A haae. df eyt

qu\‘ﬂfvﬂ'fm [ Nike| chlovide and 4he CapON M!gl@u‘fﬁ Sl




(C) Measurement of DV

You have been given the following materials and apparatus:

IM Nickel chloride solution Forceps Plastic vial
IM Copper sulphate solution Plastic petri dish Timer
0.\% Hydrogen peroxide Dropper 10 mL measuring cylinder O Tool
Distilled water | mL pipette 25 mL beaker O Measurement
Yeast beads Pipette filler Scissors, Ruler related to DV

(c) Explain how the dependent variable could be measured
using the above materials and apparatus.

B3. Identify the DV and IV G4. Explain why the variables are DV and
IV in the investigation

G35, Identify multiple IV/DVs

B4. State the methods of G6. Explain how variables are connected E3. Explain the limitations related to the
measurement(s)/manipulation(s) with the manipulation(s) and manipulation/measurement method(s)/

measurement(s) instrument(s) for the variable(s)

E4. Discuss the strengths and limitations of
the alternative measurement method(s)

BS5. State the predicted results based
on the relationship(s) between the
variables

Dependent variable (DV)
& Independent variable
(Iv)




Can we stop the timer when the bead starts to

(C) Measurement of DV ",

(c) Explain how the dependent variable could be measured using the above materials and apparatus.

Uze the timer 4  meosure the fime faken for  the poper
disk 10 rise to the cufie of the colulion. The Shorter he {ime Basic -

igkm_‘&)__Ih_y ?—Ld——-'d“ to vise fo the surface ) the ‘\73);5,;”\3 O Timer (tool) O Timer (Tool)
oottty of  yeast head cadalace I O Paper disc O Yeast bead

(c) Explain how the dependent variabic c;ould be measured using the above mat
erials and apparatus.
§omk ﬂfd ye°~5‘f bﬁl{! (h the Pef" J:{Aé.f and hee ‘A\b(ppf
To put the beods rside /o by drog en peroxu/e Use tie plpe’fff U ined
and pipette filler  cConmecy £ o woler 4 okqé nattame

and O n H\vekff(/ V\«(as‘c\r,hq ()’//hfjpp USe, I‘le fu..er to
MeQS\.:—@ -['AC time 'fa.“fh ‘For' ('CICUJI(S'S bkéblff {o ap}h’&f.

(¢) Explain how the dependent variable could be measured using the above materials and apparatus.

¢ we , Basic

(
surfae® >t by clinpient peroXid® solulton. P T e
. ‘] j J U




(D) What is an assumption?

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.

QUICK
TIPS

W



E8. Identify the significant assumptions of

(D) Assumptions

How do you think student perform?
How can students achieve Excellent performance?

(d) State a significant assumption in this investigation.

Amm_c(uh_&mcj_}gm Containe the <ame amount of cotulnce -

1) State ficant ¢ \\unpunnmlhl\ investigation
- :\!: i ‘* : re T o‘f (%c(o\xf__ A C'tltf‘le_/L _O_{ Jpo;:s[——
T : ' {le €Experiret :
b;;\;’(; I fi.'__mi'/"' Spome : [ /-~_L+} _f_,___l."\ o (A4 Unatta|ned

(d) State a significant-assumption in this investigation.

AMM%_‘GM_&HL ho ﬁﬂmﬁ omowdt, =F cadnlese . -




(D) Assumptions — Diff. Levels of Performance

Unattained:

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

Basic:
] All catalases work the same.




(D) Assumptions — Diff. Levels of Performance

Good to Excellent:

d  Amount of catalase in each yeast bead is the same.
1 Catalase attains the same activity level initially.

Excellent:

d Oxygen release by yeast beads is ONLY contributed by activity of
catalase but not other enzymes.

d The oxygen bubbles released do not dissolve in hydrogen peroxide
solution.

1 Heavy metal ions do not affect the density of the solution which affects
the traveling time of the yeast beads moving up to the solution surface.

1 Respiration of yeast cells does not affect the pH of the solution.



E c o “t r o I Of B6. Identify some CVs G7. Identify important CVs ES. Explain why some important CVs need
to be controlled
. E6. Discuss the limitations of the control

B7. Identify the control set-up(s) G&. Explain why the control set-up(s) (e.g..
multiple control set-ups in some set-up(s)

investigations) is/are needed

Control
variables
(CV)

variables

(e) Is it necessary to control the volume of 0.1% hydrogen peroxide solution in each sample? -
Explain why you think so. HOW can Stlldents achleve
] Ton_ Wil
Nes. Diffe dion will affct e Exgellent performance?

ode ‘{of ;\bg, ‘n?g.ﬁ A!Sk to %€, 4 [t jakgs a iém[tﬂ: time. 1
MLAMM_L&JAML,_MMM
- Good

time.
to rice aith o lovger amout o coution. :
cach sample? O Paper disc not yeast beads

drogen peroxide solution in
it e O Double penalty?

of A/(Jrcu’h [)prox/‘/P T
Ber

4 0
(¢) ls it necessary to control the volume of 0.1

Explain why you think so.

\LﬁS_ 'H‘Q Jéf HLer \/o/ m e

e bl fhe w’an‘
Mo r¢ SuL)§‘fraTF§ for (o\'fo\ AS P m .
LML; ollide nd Lorm rnorc roda cts Hus 'n(/’(’O\S”’q flf’ Basic
e . erete we neer/ fo conlh) ﬂe volume O Able to relate substrate amount
“Tv n sk O Wrong concept: Volume

rafe of calalese ocT
(e) Is it necessary to control the volume of O#Z hydrogen peroxide solution in each sample?
Explain why you think s

Yes, becoumse nB 1he volume, sg Mo(ro?m peryT de soluilzon, haa tnertased

& deurasgd %ﬁt(mﬁakm o ﬁﬁ%t “beads to ise, 1o The surfek of
hetdtoden demm o] be. affecteol . Thus \ the actwitu 5T
mard . underextimaleel o averestimited.

change but conc NOT!




E c o “t r 0 I Of B6. Identify some CVs G7. Identify important CVs ES. Explain why some important CVs need
to be controlled
. E6. Discuss the limitations of the control

B7. Identify the control set-up(s) G&. Explain why the control set-up(s) (e.g..
va r I a h I e s multiple control set-ups in some set-up(s)

investigations) is/are needed
(e) Is it necessary to control the volume of 0.1% hydrogen peroxide solution in each sample?

Explain why you think so.
Nes. Di ba%wgd%wduuﬂﬂm_ﬁe_

Y@l '(of -
/o it If student answers in part

Oo\'\’

to rise m\“\ A 'avqm_mmm_ef_smm (c) that timer is stopped
n cach sample
© 1s when the heads start to

| \p‘ 1n \\h\ vou think \\ ro/(/ '/p -
4l a hoher velume _of hydregen + /7 rise at the bottom, what

\lfs ’TA <

: === i A €QR
hoye more Waj,agrc for (m’zﬁﬁ hhﬂz‘:,:mﬂg, 7/ would be the correct
{ /‘*.H O o r PN o n ol -
to_collde_en - f‘“f"' 10 contn) 4 volne answer for part (e)?
’_C‘fp C‘F !iSL (/\(T ‘(T\’L )r(’l’e Cre,_,iLﬂ

(e) Is it necessary to control the volume of 94% hydrogen peroxide solution in each sample?

Control
variables
(CV)

solution |
it necessary to control the volume of 0.1% hydrogen puh‘\ldL ol

Explain why you think s

Yes, becaumse ng 1he voluwmt, tﬁ lu«o(ro?m pem{de soluilion, haa mcxemal

o decrosed the Yime token, for yeast “peads to rust, o T quirfoe
heidivgen pevexidle sulifton wil] be affecteol . Thus , thie ammf

ouit Leads catoleses mau bt wnderestimileel o averesdmated.




G3. Identify errors/issues related to the E2. Suggest and explain ways to reduce

sampling method(s) and a small sample sampling errors (e.g., random
size sampling) and average out effect of

variations within a sample (e.g..
increasing sample size)

Sampling
(if any)

(F) Sampling

or more than one yeast bead in each trial? Why?

(N Will you choose to use one single yeast bea

Of fergnt amouny o cab B y__using /i

_b__cui the celwlbil uh oI the rasu/‘l’j couly ke Inueaced kf!‘
_'Mmm.h.uﬁ H\g n’lv{lm " | ek _

. I
NOW t‘o\n Ohe )/fo\q-r I)&J A(Cao\ge ‘f‘(e L'ﬁzer Amo hA

C‘F \/8“51‘ b(’ac‘S bave o lerger Swfﬁ(e O Pon ‘For -(- Unattained
ﬂt’ (°\+ Qc( m ﬂf y(kﬂ‘ Padf 'fo reoct anﬂ I

-
decreasce  Ihe fime needed

(R

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

T wiil Q{&o—OSG'ﬁ) FE (MC, WMot '1 it ACu '40& [ w Q@

(0 .oua ST, ot Yeost, beadk arol randim oflocation, the reliabilty ' Excellent
o Ahe veandts could bﬂ mumea! bq m’mmmn‘l 'ﬂuﬂ ol |

dfeence.




G10. Explain why a specific step is E9. Discuss design decision(s) related to/

conducted and its impact on the validity evaluate the overall validity and
and reliability of the experimental desi reliability of the experimental design
. Suggest alternative designs E10. Discuss the limitations and strengths

Others

of alternative designs (e.g., achieving
the same investigation aim using
different designs, within subject and

(G) Precautions
“ between subject design)

(g) Your teacher advised you to put the yeast beads in the heavy metal solution for at least 5 minutes
before you put the beads into the hydrogen peroxide solution. Explain why this is needed.

o € $ nYe
Deéin Lfe emfj_matak- Basic

ast beads in the heavy metal solution for at least 5 minutes
de solution. Explain why this is needed.

nffecte d b)/ {4 <

(g) Your teacher ad ised you to put the ye
before you put the beads into the hydrogen peroxi

To enswre Tle yeast bead ore

AW

}\CO\Vy hae'(la)/_ CaTm[&Sf (h fle)
/

Basic

(g) Your teacher advised you.to put the yeast beads in the heavy metal solution for at least 5 minutes
before you put the beadsnto the hydrogenperoxide solution. Explain why this is needed.

To engurt the calnlot actnaty = ueast, beads art tpIbifor andl
bt the 566 <ot et ot heniey vef o ' Good

L)

be ‘mﬁ :H/& KO,L/JUM S’fmf‘h : ' O The impact of the

specific step is clearly
stated.




(H) Precautions

G10. Explain why a specific step is E9. Discuss design decision(s) related to/
conducted and its impact on the validity evaluate the overall validity and
and reliability of the experimental design reliability of the experimental design
G11. Suggest alternative designs E10. Discuss the limitations and strengths

Others

of alternative designs (e.g., achieving
the same investigation aim using
different designs, within subject and
between subject design)

(n) Discuss the importance of using a suitable concentration
of hydrogen peroxide in relation to the overall validity of
the investigation.




(H) Precautions

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

4 L\blr'rngem_#@m aadm’,& foo fonfml_mmd& O Wrong: Hydrogen

fon OF Ay - peroxide does not

= . & form acid to denature
NCE OV WMASA 7, ey O . o re - M ASEC

- -~

() NEAG Y€  apli€ O QrE N < Ahle )p/-/

(h) Your teacher advised you not 10 use hydrogen peroxide that 1S lqo concentrated '
(>5% hydrogen peroxide). Discuss the importance of using a suitable concentration of
hydrogen peroxide in relation (o the overall validity of the mvcsu%alwn. Py r , Unattained
(ofc\{o\;e‘ [A,o,,}(g 5691 thh O~ rerfa;h Concen (hxLion 0

: troted hydregfn perox/le B Notspecifying how
1“/o/roeen Pero)(rcle o [06 CORCEnTr™ Z 7 ; the catalase activity

wl “ Jaffel(z‘ ﬂe rﬂf(’ 0T oifa [ase ac‘f, V«"f;/ o\hA 0«7(7C€Cf be affected by [H,0,]
np averall VQ“JH‘/\/ of The """est’j‘ia"(‘/nh.

-



(H) Precautions

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

Becase two WM*MMMMW to kgher yat

f_% catdose readion, > So, the rote ot ueast bead to re/kj, the.

Mox& Wi }g‘_'bo—o ’f' oﬂd\’@t% wil] be, o havel ‘Bo et

M,%a&r_f m(e <f vaitigr befeen dttereyrt, Solilion.
SithaHR, onsentli @ ion, can enswt Ve ol 1 ovisus to conepart.




(1) Application of biological knowledge
N

()  Using your biology knowledge, suggest two ways you can
speed up the investigation by using the same materials
provided. Explain why it can work.

Basic Performance Good Performance Excellent Performance
—_—— @ B1. State briefly the overall G1. Explain how the overall experimental
_; % = experimental design and its design 1s related to underlying biological
E’J g 'i'; underlying biological principles principles and/or concepts
é E E and/or concepts




(1) Application of bhiological knowledge

oz 5

(i) Using your biology knowledge, suggest two ways you can speed up the investigation ,
by using the same materials provided. Explain why it can work. to arownd 37°C

Y. s e ENDEX A AV C o] [\ 1 AV QO aq ¢ DA DX 5 N,

T" DE -'/, €

fon a as catalage

Jll work best  omol TnsTe 0. readic

e Oou lav ount of . | he

reactions il be

mmgzlm_ﬁim‘&;@ﬂb_&__\argjer amownt  of  codalage

(i) Using your biology knowledge, suggest iwo ways you can speed up the mvestigation

by using the same materials provided. Explain why it can work.

f )’("’\Sf beo\cls.So more (mfalase

lacreese The omecrt o ‘ ‘
(ah COH,.JG w‘.(_" AY(/fC‘Qf/\ }7€fDXI(/€ QAJ fol‘mlhﬁ more prpa,u,cfjj
&hJ Jp Crpas/’nq fLP ‘wa\ju'f of time htec/(’c/. /h Créage fAe lLe /wpemhre

of Lydrege h pfrcx;Je S olul jon ond yeosl beads, So ;"ofe
k/.he'f,"(- éhequ of f/\f’ Subs'("*f? Mc}’ (m?"a/m.z(,, anij'z(?y meve

(2N ¢ 4 . /\ 'f'o
v ' P A eRCl—\ 0f‘( ' pWor e ¢ y\_phf /

-{‘ C// Ae b~ .

f“"e 9:\ ﬁ;d" é“k“%? e f Fom.'m? enzyme-Sbstrate Complox€s &

forun products faster.

Basic

O 1: correct, but lacks

explanation

O 2: not correct, same

conc. of substrate

Basic

O 1. partially correct,
same [substrate], same
time needed for beads
to rise.

O 2. partially correct,
correct explanation, but
not infinitely increasing
temperature



(1) Application of biological knowledge
N

(i)~ Using your biology knowledge, suggest two ways you can speed up the investigation _
by using the same materials provnded Explain why it can work. Basic

Tnorease the sfie area fyeast beads by cuttin eaAJc beadimto
5MaM&r Flcoe;)ozs Jr\/l{’ M&‘ex gurweacé *54? J.QOA\’ L’ﬂ\dA LM urtert. -

P o 70 C wise - \e 0( U/mwe M\;‘@ﬂm O 1: not correct, smaller
MMAJJ Q*OLI ot m bead have higher surface

1AL 'A+ b{ n]er ]
QJCCJK.LQL_A.Q].LJE'& area to volume ratio, but
lmdﬁ\ﬁr “uqé rat ‘F‘j‘( (Geakb_bﬁagl& "bo Fise ‘bg Wg;,ﬁm T ludo(yugc,t s.maller total surface area

pe)m’((cle xo’M'tﬂorL O 2: correct

How can students achieve Good performance?



Assessment Guidelines

Biological
principle/knowledge

Sampling
DV, IV, CV

Assumption
Others (design decisions,
alternative designs)

Basic Performance

Good Performance

Excellent Performance

1
L

N

=9 % BI1. State briefly the overall G1. Explain how the overall experimentgl o
223 experimental design and its design is related to underlying biological
é” g ® underlying biological principles principles and/or concepts
% i E and/or concepts
P = B2. Identify the hypothesis tested G2. State the predicted results based on the El. Elaborate how the predicted results
é R~ hypothesis give/ does. not give support to the
< % 3 hypothesis
& o=
g £°
o0 G3. Identify errors/issues related to the E2. Suggest and explain ways to reduce
é E sampling method(s) and a small sample sampling errors (e.g., random
E‘ : size sampling) and average out effect of
ST variations within a sample (e.g.,
increasing sample size)
B3. Identify the DV and TV G4. Explain why the variables are DV and
2 ﬁ IV in the investigation
% -E G5. Identify multiple TV/DVs
% g B4. State the methods of G6. Explain how vanables are connected E3. Explain the limitations related to the
=B measurement(s)/manipulation(s) with the manipulation(s) and manipulation/measurement method(s)/
g3 E measurement(s) X2 instrument(s) for the variable(s)
= az = E4. Discuss the strengths and limitations of
é 3 the alternative measurement method(s)
S5 BS. State the predicted results based
S 3 on the relationship(s) between the
variables
" B6. Identify some CVs G7. Identify important CVs ES5. Explain why some important CVs need
E % o to be controlled
s = 5 B7. Identify the control set-up(s) G8. Explain why the control set-up(s) (e.g., E6. Discuss the limitations of the control
(3 =< multiple control set-ups in some set-up(s)
> investigations) is/are needed
B8. Identify important measurement G9. Suggest ways to reduce measurement E7. Explain why some procedures can
- errors errors (e.g., using an instrument with a reduce measurement errors (e.g.,
= higher sensitivity)/enhance reliability repeated/averaging measurements for
g (e.g., repeated measurements, using reducing random errors; calibration for
5 different measurement reducing systematic errors; involving
5 methods/instruments) multiple observers to minimize
= individual bias; choosing an instrument
that has a higher sensitivity to reduce
mf‘ﬂﬂl‘l‘?mf‘ﬂf ~rrors)
i E8. Identify the significant assumptions of
E‘ = E the design
=E 3
2 <
G10. Explain why a specific step is E9. Discuss design decision(s) related to/
conducted and its impact on the validity evaluate the overall validity and
” and reliability of the experimental design reliability of the experimental design
E G11. Suggest alternative designs E10. Discuss the limitations and strengths
5 of alternative designs (e.g., achieving

the same investigation aim using
different designs, within subject and
between subject design)




Overall Rating

40|
Assessment Guidelines for Experimental Design (B1)
Mark range | Quality of work Performance
9-10 Excellent The report shows most of the good performances and a few excellent performances.
6-8 Good The report shows most of the basic performances and some good performances.
3-5 Fair The report shows some basic performances and a few good performances.
1-2 Poor The report shows a few basic performances.
. . Mark uality of
Unattained Basic Excellent Q Y
range work
Sample 1 1 5 3 1 6—38 Good
Sample 2 4 5 1 0 3-5 Fair
Sample 3 V1 0 3 5 2 9-10 @ Excellent
Sample 3V2 0 2 5 3 9-10 Excellent




Overall Rating

11.

IO copy

Overall rating of the sample:

119 responses

40
33 (27.7%)

28 (23.5%) 29 (24.4%)
30 I |

20 16 (1\3.4%)

10 7 (5.9%)
4 (3.4%)

1(0.8%) 1 (0.|8%)

00%) 0 (?%)

0

1 2 3 4 5 6 7 8 9 10
118 responses

30

20 16 (13.6%) 16 (13.6%)

Unattained | Basic Excellent Mark — Quality
range of work
San:ple 1 5 1 6-8 Good
Sargple 4 . . s f
S“:j;n\]lt‘)lle 0 3 2 9-10 | Excellent R
Sample
0 2 3 9-10
3V2

Excellent
\40

0

- 12 (10.2%) 12 (10.2%)

4 (3.4%)

0 (0%) 0 (clj%) 0 ((I)%)

1 2 3 4 5 6 7 8 9 10

8 responses

32 (29.6%) 33 (306%)

19 (17.6%)

4(3.7%)

3 (2.8%) 3 (2.|e%)

0(0%) O (?%) 0 (0%)

1 2 3 4 5 6 7 8 9 10



Outline of the seminar
oo £

© Background of the SBA Initiative

® Discussion on the scoring of the student samples

©® Strategies to support student learning in the SBA



©® Strategies to support student learning in the SBA

Communicating

4 )
Preparing Identifying research
questions
Searching for $
«—> information
Formulating hypotheses
and generating predictions
X .
A
Carrying out
Planning, designing and
carrying out investigations
¢ > ¢ W
Analysing, interpreting R
and evaluating data
A ) Constructing
I models
e Engaging in I
argumentation r--- : -
Explaining and and reasoning | Developing
; t---+ explanations
evaluating | )

Not controlling variables

Lack of repetition of
measurement

Working without a
control condition

Lack of determination
of test times

Kranz, J., Baur, A. & Mdller, A . (2022) Learners’ challenges in understanding
and performing experiments: A systematic review of the literature, Studies in
Science Education, DOI:


https://doi.org/10.1080/03057267.2022.2138151

©® Strategies to support student learning in the SBA

Investigating the effect of temperature on the activity of catalase

Introduction
Hydrogen peroxide 1s a metabolic by-product in our body. Catalase 1s an enzyme that breaks down
hydrogen peroxide into oxygen and water. The activity of catalase 1s influenced by temperature. In

this investigation, you are going to investigate the effect of temperature on the activity of catalase.

Materials and apparatus

Liver catalase extract Boiling tube
Water bath Glass tubing
Measuring cylinder Delivery tubing
Water tough One-hole stopper
0.1% hydrogen peroxide solution Thermometer

Task
Design an investigation to study the eftect of temperature on the activity of catalase. Write a full

report that describes your experimental design, procedures, findings, and conclusion.




©® Strategies to support student learning in the SBA

High-quality assessment tasks provide a delicate balance
between providing sufficient structures for students to express
their thinking and allowing for space to illuminate what students
know (Fine & Furtak, 2020).




©® Strategies to support student learning in the SBA
a5

A
Cater for learner diversity

. Assessment task
. Assessment items

- Task implementation

ONE SIZE MADE TO
FITS ALL MEASURE



Investigating the effect of heavy metal ions on catalase activity of veast beads

Scenario

efficiency.

Baker’s yeast (Saccharomyces cerevisiae) is a rich source of catalase.
Catalase is an enzyme that catalyzes 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

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  Yeast beads
is important for determining the catalase activity of yeast beads in removing

hydrogen peroxide in water with heavy metal.

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.

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

Design of the investigation:

e You have been given the following materials and apparatus:

IM Nickel chloride solution Forceps Plastic vial
IM Copper sulphate solution Petri dish Timer
0.1% Hydrogen peroxide 1 mL pipette 10 mL measuring cylinder
Distilled water Pipette filler 25 mL beaker

Yeast beads

Scissors

Nickel chloride Copper sulphate Distilled water (il

— 1 Hydrogen
: peroxide

A

Pipetteﬁller’ ,

00:0000
ee e

Plastic vials

Pipette

e Answer the following questions to explain your experimental design decisions:

Scan this code

1. What are the independent variables (i.e., factor(s) that we change) and
dependent variable(s) (i.e., the factor(s) that we measure) of the investigation?

Independent variable(s):
Dependent variable(s):
2. Describe how you would manipulate the independent variable(s) using the above

materials and apparatus (You may supplement your description with a diagram to

represent your ideas).

3. 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

G5. Identify multiple IVs
B3. Identify the DV

G6. Explain how variables
are connected with the
manipulation(s)

G6. Explain how variables
are connected with the
manipulation(s)




©® Strategies to support student learning in the SBA

Nickel chloride Copper sulphate Distilled water (D

: : . d Hydrogen
‘ : peroxide
L

- //
- Pipette filler j 2

00:0000
e e G

Scan this code

Plastic vials

Pipette



©® Strategies to support student learning in the SBA
o

Visual scaffolds

O Addition of visual aids (e.qg.,
photographs/diagrams /graphic
organizers) in the question prompts

O Provision of real objects (e.g.,
experimental apparatus) or multimedia




©® Strategies to support student learning in the SBA

2) State the DV and briefly describe how you will measure the DV with the given materials.

A welowr vhange of TR Qlutase paper 10T g whith ave Addted tiae lvoyp! 1
Dependent variable (DV): ¢ 4y colytion 000

2. AT A AR 23 N I BB Bk A S L SRS © IR AEHIRATE R

2
alm| °

Description of how you will measure the DV:

Notes:

o You may support your description with a drawing

o Make sure vou describe the tool vou will use and how MOW weasyrement is.related to the DV
T0TG S VUL

& q ,gmdda%mmmop"ftw
(olutlon ol g 9lucogg
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(b) State another method to measure the DV if other materials are a\‘gﬁbwem with %IMW( W

; pope Lact (Uript ot WA amg tind
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©® Strategies to support student learning in the SBA

Effect of concentration of ethanol on membrane permeability

Experimental question
How does the concentration of ethanol affect the membrane permeability of beetroot?

Design

The cells of beetroot have red pigment in the vacuoles. When the membranes of the vacuole and the
cell membrane are damaged by ethanol, a kind of alcohol, pigment will leak out. With this
information, design an experiment to answer the experimental question.

1. In this experiment, we are investigating how a factor (independent  B3.  Identify the DV
variable, IV) affects another factor (dependent variable, DV). B3.  Identify the IV
What are the DV and IV of this experiment?




©® Strategies to support student learning in the SBA

Linguistic scaffolds

 Allowing students to draw in combination with
writing

. Defining key terms

. Provision of sentence starters/frames

. Providing a word bank

Using bullet points/shorter sentences

Simplify vocabulary and grammar

Use active voice




©® Strategies to support student learning in the SBA

(c) 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:
_ the measurement tools and the methods of measurement.
_| the relationship between the measurement and the dependent variable

G6.  Explain how
variables are connected with
the manipulation(s)




©® Strategies to support student learning in the SBA
TN

G1.  Explain how the
overall experimental design
is related to underlying

(J)  Using the same materials provided, suggest two modifications in the
experimental design to speed up the investigation. Use your biological

knowledge to explain why these modifications can work. biological principles and/or
concepts
Modification in the design Explanation based on the biological principle
1
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Conceptual assistance

Providing a checklist

 Using rubrics

*  Division of the prompts into smaller units
« Use of parallel task
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Scaffolding strategies

Sensory support | Linguistic support Conceptual Interactive/social
support support
« Real objects « Defining key * Providing a » Discussion with
e Multimedia terms within checklist peers/teacher
« Graphs sentences « Using rubrics * Working in pairs
« Tables « Modifying « Dividing the or small groups
« Graphic sentence patterns prompts into with peers
organisers * Providing smaller units » Working with
sentence starters technological

and frames tools
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Alternative ways of task implementation

- Initiate a class discussion before the B1
assessment

- Provide opportunities for trial run

- Distribute the task sheet before the
assessment

- Conduct a similar task (parallel task)
before the assessment

- Use pre-lesson task to activate the
necessary prior knowledge

Data file

Your biology teacher has asked you to read the following source materials to prepare yourself for

designing an investigation related to studying catalase.

/

00:0000
eo

ﬁ Click this <link> or scan

what happens to a

the QR code to see

filter paper disc with fresh potato

Jjuice.

Source 1 Measuring the vity of catalas
Ah st all orga m ms contain catalas C talas p eds up the br akd of hydrogen peroxide, a
ic by-product of some metabolic reactions, into oxygen and wal
The activity of catalase in differ n be studied using a simple method involving the
followmg procedures:
Put filter paper d t ract of different tissues
The filter paper dis e then put into plastic vials containing equal volumes of hydrogen
perox
Start timing when hfl r paper disc reaches hb ttom of the tube
Note the time (T) required for the filte: p per dis rise to the surface of the solut;
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Alternative ways of task implementation

- Have students identify the most
challenging questions immediately after
completing B1 questions

- Provide exemplars of varying
performance

- Have students self-assess their
understanding associated with designing
Investigations

- Have students revise and refine their
reports

2. EEESHTHEEE (V) 2?7 "MOEERMEES 28 2 (B3) (B4

What is the independent variable (IV) of this experiment? How can we manipulate the independent variabli

B3 I a’zﬁn'_" ' e A
B ‘ gﬂgmﬁag% 5Bt 545, 45) ﬁwm*&m N ﬂ&fﬁkﬁ
4 48238 SRS A BB AR AL F e e
B3 eper 5 How to manipulate
- N coararat pAl_Brita _ %&J@Lm
hripeuscd e [bamn iy o
fbanam,s ﬁ% —-*;%‘)?- Pd?rw@&gh o __ﬂ‘ﬂﬂ_
:fgi ! lnd%:ndentvar:ab!e How to maulpulate
2 1v: (. F -
| the ],f}mgw’ A tdigd A of boomers it
_r M L‘AKP&MLMNM
B3 Independent variable How to manipulate — }
Vi R‘r[uéis 0E ]Jnrmqp\_ p*"-’dl- !7'""“.’ i Jam '&’TM&L "'fa fgfz
B4 |_Iavfz_ia"';”'“'”“ BT - — 1
ek ;%%Mumﬁmm_mm@m_
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I
Flexibility within fidelity Trioritze fuel effidency” is a negotiabie design principle
Headlohis are nON- / - Exact tasks used
negotgue design - Questions set
feature of car - Targeted scientific
ﬁ . . .
D thinking and its
progression

Elicit students’ ability to

design investigations S

NOT discrete factual \ / & s

content knowledge Wheels are a non-negotiable
design feature of car

Figure 1. Non-negotiable design features versus negotiable design principles.

Miller, E. C., Severance, S., & Krajcik, J. (2021). Motivating teaching, sustaining change in practice: Design principles for teacher learning in
project-based learning contexts. Journal of Science Teacher Education, 32(7), 757-779.
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Investigating the effect of temperature on the activity of catalase

Introduction

Hydrogen peroxide 1s a metabolic by-product in our body. Catalase 1s an enzyme that breaks down

hydrogen peroxide into oxygen and water. The activity of catalase 1s influenced by temperature. In

this investigation, you are going to investigate the effect of temperature on the activity of catalase.

Materials and apparatus

Liver catalase extract Boiling tube
Water bath Glass tubing
Measuring cylinder Delivery tubing
Water tough One-hole stopper

0.1% hydrogen peroxide solution

Thermometer

Task

Design an investigation to study the effect of temperature on the activity of catalase. Write a full

report that describes your experimental design, procedures, findings, and conclusion.

We do NOT encourage using
full report as it may be limited in
eliciting student understandings
related to experimental designs

If teachers think that full report is
a better tool for differentiating the
ability of their students in terms
of their ability to design
experiments, the NEW
assessment guidelines should

be followed



Assessment guideline

SBA Assessment guideline

English version

Chinese version

1. AreaBl

<link>

<link>

2. AreaB2

<link>

<link>

Sample task

Sample task

English version

Chinese version

1. Effect of concentration of ethanol on membrane
permeability

LRI R A S

<link>

<link>

2. A comparison of the stomatal density of upper and lower
epidermis of leaves using leaf temperature

PSR ER B FPRENEILEE

<link>

<link>

(8]

A comparison of the fat content of different types of milk

ANTRRZ A WY I i 5 s U

<link>

<link>

.-P-

Investigating enzymatic activities of biological washing
powders

TR FC A P P A Hr (Y I 9 1

<link>

<link>

h

Investigating the effect of heavy metal ions on catalase
activity of yeast beads

TR JUEE < & Bl B P BHREE BR b dd A A S il s PE RO

Ei5/Y
%

<link>

<link>

SN

Investigation on the effect of pH on the invertase activity
of the yeast beads

PRIT pH {E 582 BEBk BB Bl 35 1 ) 52 2

<link>

<link>

e Please note that these sample tasks are intended to support teachers when planning their SBA.
Teachers are STRONGLY encouraged to adapt and modify these sample tasks to better support the

learning needs of their students.

Sample tasks for
teachers to modify
and adapt for their
own needs.
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Possible modifications of assessment tasks and items:
(a) Varying question formats

(b) Modifying the questions

(c) Changing the factor(s) under investigation

Changes in implementation
Mini-exams ':> Formative assessment interactions

Support and feedback
before and after the SBA task



Summary

Principles of scoring SBA samples in the new SBA format

New SBA format provides teachers with more flexibility to
support student learning of experimental designs

Small changes in
how we design assessment tasks

Implement the SBA tasks

can lead to changes in how students learn from the experiences
and teacher learning from their students
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Interim Resumption Arrangements (IRA) for 2024 DSE
Biology

Teachers are encouraged to carry out MORE THAN the
minimum number of assessments for each student.

The final SBA marks of a candidate includes

The best ONE mark obtained in Area A regardless of the types
(8%);

The best ONE mark obtained in Area B1 (6%);

The best ONE mark obtained in Area B2 (6%).



