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TWO GOALS

• Sharing what I learned from 

creating a new task from the 

ground up.

• Discussing concepts related to 

scientific inquiry terminology.



1. Incubate E. coli cultures in LB broth under the following 

conditions:

a. Nutrient concentrations: 50%, 100%, and 150% LB broth.

b. pH levels: acidic, neutral, and alkaline (9 combinations in total).

2.Incubate for 12 hours, 37°C.

3.Perform a 10-fold serial dilution of the cultures to final of 1/100.

4.Spread plate (with replicates).

5.Count the colonies.

TASK SHARING

INVESTIGATING THE EFFECT OF NUTRIENT CONCENTRATION IN THE BACTERIAL 

CULTURE MEDIUM ON THE GROWTH OF E. COLI AT DIFFERENT PH VALUESMultiple IVs

Food preservation 

as the context

Practical skills

Quantitative

Data



DESIGNING THE CONTEXT OF THE TASK

Focus on solving a 

problem/connecting 

with a problem.

Focus on scientific inquiry skills

and experimental design, rather 

than just testing biology content.

Create scenarios that 

are relevant and 

authentic to students.

Provide students with opportunities to 

apply their scientific inquiry skills in 

more complex experimental 

designs and non-routine context. 



CONTEXT SETTING 

WITH THE AID OF AI



DESIGNING AREA A 

ASSESSMENT RUBRICS 

WITH THE AID OF AI



MY APPROACH TO DESIGNING TASK SHEETS 

• Refer to the Assessment Guidelines and review each guiding

question individually to ensure the investigation aligns with the required

criteria.

• Aim to cover as many categories [e.g., variables, measurements] as

possible, marking the criterion numbers to help keep track.

• Include sufficient and balanced number of G/E questions

• Focus questions on experimental design rather than general

biological principles only.

• Ensure questions are directly related to the investigation, avoiding

general or “canned” questions.



THINGS I LEARNED…

Assessing the same concept while providing sufficient structure to

help students express their understanding related to Gs and Es.



Using visual aids to help 

students understand 

unfamiliar scenarios.





ONE MAJOR CHALLENGE IN SETTING QUESTIONS

A common question concerns the confusion

surrounding scientific terminology in the

assessment guidelines.





Accuracy

The closeness of agreement between a measured quantity and a 

true value of the measure (Correctness).

Precision

• A measurement is ‘precise’ if values cluster closely 

(Consistency).

• Depends only on the extent of random effects – no indication of 

how close results are to the true value (i.e., accuracy). 

Reliability

• A general concept that can be applied to an individual measurement or a whole 

investigation. 

• Reliability depends on precision, repeatability and reproducibility.

Accuracy vs Precision vs Reliability



ONE MAJOR LEARNING DIFFICULTY OF MY STUDENTS



Category Details

Choice of Measurement Method

• Resolution of the tool: Analog vs Digital

• Subjective: Color change vs Objective: Precise 

measurements

• Qualitative: Descriptive data vs Quantitative: Numerical data

Properly Calibrated Instrument
• Setting zero

• Using standard reference

Experimenter’s Skill and 

Technique

• Reading the scale horizontally

• Reading at the meniscus

Eliminating or Minimising Error
• Reducing systematic error (e.g., bias)

• Reducing the impact of random errors

Choice of Range and Interval • Considerations during interpolation or extrapolation

FACTORS AFFECTING ACCURACY IN AN INVESTIGATION



Answer: A

• Selection of measurement 

tool

• Subjective measurements 

(e.g., estimating “more or 

less gas”) can be made 

objective with numeric 

measurements.

• Qualitative observations 

can be transformed into 

quantitative data.





Microbiology Task Sheet Example Question B1 (d)(2)

Minimising error

(Percentage error)



Precision

• The degree of closeness of measurements (the consistency).

Reliability 

• Can be applied to an individual measurement (Precision), a whole

investigation by the same group and condition (Repeatability), or by other

groups (Reproducibility).

• Reliability depends on precision, repeatability and reproducibility.

PRECISION VS RELIABILITY

An experimental result can be precise when produced by one experimenter, 

yet it may not be reproducible by another experimenter, hence not reliable.



FACTORS AFFECTING RELIABILITY

Precision Repeatability

Precision obtained when measurement results

are produced in one laboratory, by a single

operator, using the same equipment under

same conditions, over a short time scale.

Reproducibility

• Precision obtained when measurement results are produced by

different laboratories (and therefore by different operators

using different pieces of equipment).

• Assessing reproducibility makes it easier to identify systematic

errors.

Consistency of 

measurement results within 

the same experiment.



H2O2 concentration (%) Oxygen collected after 5 minutes (cm3)

1 Trial 1 Trial 2 Trial 3 Mean

2 2.83 3.02 2.99 2.95

3 3.52 3.48 3.5 3.50

4 5.34 5.29 5.31 5.31

5 7.00 6.70 6.83 6.84

H2O2 concentration (%) Oxygen collected after 5 minutes (cm3)

1 Trial 1 Trial 2 Trial 3 Mean

2 2.85 3.11 3 2.99

3 3.51 3.48 3.49 3.49

4 5.29 5.32 5.3 5.30

5 7.00 6.75 6.81 6.85

H2O2 concentration (%) Oxygen collected after 5 minutes (cm3)

1 Trial 1 Trial 2 Trial 3 Mean

2 2.85 3.11 3 2.99

3 3.51 3.48 3.49 3.49

4 5.29 5.32 5.3 5.30

5 7.00 6.75 6.81 6.85

Precise result (consistent values)

Date: Monday

Experimenter: Paul

Lab: Bio Lab

Date: Tuesday

Experimenter: Paul

Lab: Bio Lab

Date: Wednesday

Experimenter: Adam

Lab: Chem Lab

Repeatable

(high repeatability)

Reproducible

(high reproducibility)





Microbiology Task Sheet Example Question B1 (d)(1)



Something we think is true, though we cannot be sure and cannot

control in the scope of this experiment.

• To simplify complex systems or variables (environmental factors are

too many to be controlled).

• In broad terms, assumptions are so general and numerous that it is

impossible to list them all.

⚬ Example: Assuming all instruments are functioning correctly

during experiment; assuming that the materials are pure without

contamination.

ASSUMPTION



What is a “significant” assumption?

• Directly relates to the experimental aim.

• A valid conclusion depends on the assumption being true.

• Cannot be directly proved or validated within the scope of the

investigation.

• Known to directly impact the results or interpretation, yet it

cannot be fully controlled or eliminated.

SIGNIFICANT ASSUMPTION



Category Description Examples

Assumptions Based 

on Established 

Principles

Assumptions that rely on well-

known scientific principles or 

facts and do not need further 

verification.

• Assuming that bacteria can form colonies.

• Assuming that acidic solutions have a lower pH than 

alkaline solutions.

Conflating Predictions 

With Assumptions

Incorrectly treating a 

hypothesis or prediction as an 

assumption.

• Assuming that bacteria grow slower in acidic 

conditions.

• Assuming the higher the nutrient content, the higher 

the protective effect on bacteria in alkaline condition.

Assuming Control 

Variables

Making assumptions about 

variables that are already or 

can be controlled in the 

experimental setup.

• Assuming that all bacterial plates were incubated at the 

same temperature (when they were all incubated at 

37°C incubator).

• Assuming that the bacteria concentration are the same 

in the initial culture.

STUDENTS’ COMMON MISTAKES



Category Description Examples

Assuming 

Outcomes That 

Can Be Verified

Making assumptions about 

results or conditions that can 

be directly checked or 

confirmed during the 

experiment.

• Assuming that the bacteria are not dead and can grow into 

colonies.

• Assuming the acidic condition of the culture does not 

change into alkaline.

Assuming No 

Human Errors

Making assumptions that 

there are no human 

mistakes/errors during the 

experiment.

• Assuming that there is no mistake when spreading the 

plates.

• Assuming that there is no error in counting the colonies.

STUDENTS’ COMMON MISTAKES CONT’D



• Relationship Between Measurement Method and Dependent Variable:

⚬ Assuming that the chosen measurement method accurately reflects changes

in the dependent variable and captures the intended data.

• Influence of Uncontrollable Factors:

⚬ Assuming that the uncontrollable variables or factors have a negligible impact

on the experimental results or conclusions.

• Relationship between the Empirical Model and the Phenomenon under

Investigation:

⚬ Assuming that the empirical model can represent or simulate the

phenomenon under investigation.

MAJOR CATEGORIES OF SIGNIFICANT ASSUMPTIONS



A:

Precautionary step. Controllable.

B:

Correct answer: This relates to the 

relationship between the 

measurement method and the 

dependent variable. Without this 

assumption, the investigation's aim of 

"measuring the rate of transpiration" 

cannot be achieved.

C:

Can be controlled and can be verified 

from the result of the investigation.

D:

Precautionary step. Controllable.

HKDSE 2015 Paper 1A 17.



A:

Verifiable from result. Assuming the 

prediction.

B:

Verifiable from the experiment. IR to the aim.

C:

Verifiable from the experiment. IR to the aim.

D:

Correct: This relates to the 

representativeness of the results to address 

the aim of the investigation. Assuming the 

egg white cubes can simulate the steaks. 

Without this assumption, the aim of 

identifying the “suitable fruit juice for cooking 

steak” cannot be achieved.

HKDSE 2023 Paper 1A 17.



Formulating a significant assumption is 

conceptually difficult for most students; 

providing options would scaffold their 

performance and identify student difficulties 

based on distractors.

Protein Column Task

Amy:

Prediction of result.

Ben:

A scientific fact.

Chris:

A scientific fact.

Doris:

Correct. Generalising the result to answer the 

investigative question. Allowing the in vitro
conditions to simulate the in vivo conditions. 

Otherwise, no conclusion can be drawn.



• Some questions test biological concepts that are irrelevant to the design.

• Questions are often too broad or written as full reports without clear

guidance/structure. This makes it hard for students to know what to focus on

and show their SI skills for a higher score.

• Some questions are too familiar or “canned”, with answers already known

from prior knowledge, such as textbook or past papers.

⚬ Example: “Why is it important to cover the test tubes with plastic film when

measuring the water potential of potato strips?”

• Students may already know the conclusion from prior knowledge, reducing

the need for analysing their data.

⚬ Example: “The rate of respiration increases when the temperature increases."

• Many questions assess the same category of SI skills, leading to redundancy.

• Tasks are reused across years and schools, making it easy for students to

share answers or find sources online, making it difficult to accurately

differentiate their abilities.

• The lack of number and diversity in questions does not justify awarding high

scores.



THANK YOU
We are currently forming task groups to discuss and design potential new tasks, particularly 

focusing on the development of biotechnology-related activities. If you are interested in joining, 

please contact me at lp@yottkp.edu.hk.


