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[bookmark: TemplateOverview]This report provides sample answers or an indication of what answers may have included. Unless otherwise stated, these are not intended to be exemplary or complete responses. 
The statistics in this report may be subject to rounding resulting in a total more or less than 100 per cent.
Section A – Multiple-choice questions
The table indicates the percentage of students who chose each option. Grey shading indicates the correct response. The statistics in this report may be subject to rounding, resulting in a total of more or less than 100 per cent.
	Question
	Correct Answer
	% A
	% B
	% C
	% D
	Comments

	1
	A
	75
	10
	7
	8
	

	2
	B
	13
	81
	5
	1
	

	3
	C
	3
	1
	37
	59
	Most students did not consider sterility. While option D is not standard practice, agar is sterile and therefore this practice does not affect sterility; however, the bench itself cannot be sterilised.

	4
	C
	4
	8
	70
	19
	

	5
	A
	80
	11
	2
	6
	

	6
	D
	2
	1
	2
	95
	

	7
	A
	59
	14
	10
	17
	

	8
	C
	29
	0
	69
	2
	

	9
	C
	11
	49
	30
	9
	Even if students were not aware of the names, they should be aware that most living creatures cannot ‘thrive’ at 80 degrees, as well as grow and reproduce at 30 degrees.

	10
	B
	1
	72
	16
	11
	

	11
	D
	2
	9
	44
	45
	Sodium hydroxide is a secondary standard, so it must be titrated against a primary standard to get the accurate concentration. Distillation is used to purify compounds.

	12
	ABCD
	38
	29
	29
	4
	Both A and B were considered correct, so marks were given for all.

	13
	A
	88
	2
	1
	9
	

	14
	B
	11
	38
	45
	7
	Aseptic workflow does not finish when the last task is completed (for example, removal of biohazardous waste materials), but when you are preparing to leave the workspace.

	15
	D
	23
	17
	34
	26
	The word accurate is desirable for data but thinking about quality objectives in a laboratory when it comes to an objective, achievable is more correct.

	16
	D
	8
	9
	4
	78
	

	17
	A
	65
	34
	2
	0
	

	18
	C
	0
	3
	97
	0
	

	19
	B
	2
	95
	1
	3
	

	20
	D
	6
	31
	12
	50
	


Section B
Question 1a.
	Mark
	0
	1
	2
	Average

	%
	5
	47
	48
	1.5


This question asked students to think about quality objectives and the reasons why reporting problems are important.
Possible answers included:
ensuring that incorrect data is not used / maintaining reliability of data and preventing the wrong results from being determined
ensuring the incident is recorded as part of the quality control procedure, to alert their supervisor and others that the expired reagent should not be used
job ownership and accountability for the job.
Question 1b.
	Mark
	0
	1
	2
	Average

	%
	7
	51
	42
	1.4


For this question, students needed to indicate that the laboratory technician should take responsibility and ownership of the job.


Possible answers included:
repeating the tests with fresh reagents
removing the expired reagent for disposal and writing clearly across the label (ensuring not to write over identifiers) that it is expired and not to be used
purchasing/making a new reagent
checking existing stock for expiry/quality.
Question 2
	Mark
	0
	1
	2
	Average

	%
	13
	10
	77
	1.7


For this question, a simple definition of precision and accuracy was required.
Precision is how close the measurements are to each other.
Accuracy is how close the measurements are to the accepted (true) value.
This question was done well by most students. Some responses included diagrams, which was appropriate and demonstrated understanding.
Question 3a.
	Mark
	0
	1
	2
	Average

	%
	32
	39
	29
	1.0


This stage is commonly known as the lag phase.
Expected answers:
Bacteria cells grow bigger in size and adjust to their environment, temperature and atmospheric conditions.
Cells are preparing to enter growth cycles and are synthesising the necessary enzymes and other substances to divide and multiply.
If students only mentioned ‘consuming nutrients for energy’, this was deemed too vague. Responses needed to be specific about how the nutrients are required to provide energy for cell growth, but not yet reproduction.
Question 3b.
	Mark
	0
	1
	2
	Average

	%
	16
	54
	30
	1.2


This stage is typically called the logarithmic or exponential growth phase.
Expected answers:
In rapid exponential cell growth, the bacterial population doubles during every generation. (They are able to multiply at their maximum rate.)
Cells (have entered the growth cycle and) are dividing by bacterial fission and rapidly increasing in number as nutrients are consumed.
Question 3c.
	Mark
	0
	1
	2
	Average

	%
	23
	64
	13
	0.9


This stage is commonly known as the plateau or stationary phase.
Expected answers:
This is a period of equilibrium, where microbial deaths equal production of new cells.
At this stage, nutrients are exhausted and waste products are accumulated, such that no further growth in numbers occurs.
Many students stated that there is no growth, which demonstrated a lack of understanding around equilibrium and that cell growth = cell death.
Question 3d.
	Mark
	0
	1
	2
	Average

	%
	14
	45
	41
	1.3


Possible answers included:
accumulation of waste
exhaustion of nutrients
lack of oxygen
there being no more space.
Question 4a.
	Mark
	0
	1
	2
	Average

	%
	4
	57
	39
	1.4


This question asked students to show an understanding of how to set up the work area. In their responses, students needed to show job ownership and responsibility, rather than stating that they would wait for a senior technician to do it for them.
Possible answers included:
reading the relevant SOP
referring to the SDS for all required reagents
putting on PPE
checking stock levels, labels and condition of all required reagents
performing calculations of the mass required
collecting the necessary materials.
Many students included cleaning the bench with 70% ethanol, which is not required for making a stock solution.


Question 4b.
	Mark
	0
	1
	2
	3
	4
	Average

	%
	25
	4
	2
	28
	41
	2.6


n = c x v
n = 1 x 2.0
n = 2.0 mol
n = m / M
m = n x M
m = 2.0 x 161.47
m = 322.94 g
m = 323 g (3 significant figures)
Many students performed well in the calculation; however, some neglected to convert values to the correct number of significant figures or converted to the incorrect number of significant figures. Some students did not seem to understand what significant figures were. 
Significant figures are part of the knowledge evidence of ‘MSL973026 Prepare working solutions’ and are assessable.
Question 4c.
	Mark
	0
	1
	2
	Average

	%
	42
	23
	35
	1.0


Students were not required to give significant figures for this question. Students could also use scientific notation if they wished for the second concentration.
w/v = 16 – 16.2%
[bookmark: _Hlk193218925]ppm (mg/L) = 161,000 – 162,000 ppm or 1.61*105 ppm
Many students were unable to calculate the conversions. This is also part of the knowledge evidence of ‘MSL973026 Prepare working solutions’ and is assessable.
Question 4d.
	Mark
	0
	1
	2
	Average

	%
	1
	26
	73
	1.7


Students did not have to know the specific name of the safety symbols as long as they were able to accurately describe them.
Any two of the following were accepted:
corrosive (for example, corrosive to skin or eyes)
irritant (for example, low-level toxicity or harmful if exposed) 
aquatic toxicity or harmful to the environment (for example, environmental hazard). 
Many students listed ‘harmful’ for the symbol for ‘irritant’, which is incorrect.
[bookmark: _Hlk193218999]Question 4e.
	Mark
	0
	1
	2
	Average

	%
	23
	27
	50
	1.3


Brand names such as Schott were accepted, as was the type of bottle. The material that the bottle was made of needed to be described. Some students listed volumetric flasks, and while not ideal, some stocks are stored in volumetric flasks in industry; therefore, this response was accepted.
Examples of bottles included:
glass Schott bottles with a plastic lid
polyethylene bottles.
An example of a reason would be preventing leakages from the lids.
A glass bottle or container is most suitable; for a corrosive substance being mostly more inert and impervious.
Question 4f.
	Mark
	0
	1
	2
	3
	Average

	%
	25
	46
	13
	16
	1.2


Students needed to understand the concept of hydrated compounds in line with performance criteria 1.3 in ‘MSL973026 Prepare working solutions’. Although ‘yes’ was the expected answer, one mark was awarded for ‘no’ if the response stated it was a different compound.
Possible responses:
This is because the ZnSO4.7H2O will dissolve in water.
You need to make sure that you calculate the moles from the mass correctly OR ensure that calculations take into account the formulae weight on the manufacturer’s label and also its relative per cent purity. 
Remove water via dehydration or evaporation.
Titrate against a primary standard to get a correct concentration.
It is a hydrated version and thus you can use it, as long as you take into account the extra water mass.
Question 4g.
	Mark
	0
	1
	2
	3
	4
	Average

	%
	9
	25
	32
	26
	8
	2.0


The question asked what the student would do about cleaning the spill. Students were expected to refer to the safety symbols in Question 4d. 
Any four of the following were accepted:
using appropriate PPE
containing and isolating the spill
absorbing the spill with a suitable absorbent such as vermiculite or clay
placing the waste into a heavy metal container
referring to the SDS for specific spill instructions
ensuring the technician wears impervious gloves and eye protection before clean-up
ensuring the spill kit is available and stocked properly
collecting and storing the solid material for waste collection by specialist disposal according to local regulations
collecting any dissolved solid or solution for safe disposal (not flushed down sinks, etc.) as an environmental hazard
checking whether the condition of any remaining material in the container is suitable for use before proceeding if urgently required and no other material is available
ensuring stock records of the reagent are updated according to laboratory procedures
cleaning up the spill area, ensuring shelves are cleaned properly and other surrounding reagents are not affected.
Many students suggested flushing the solution down the sink when it is aqua toxic. This was not an appropriate response. Many students also discussed neutralising the spill. As this solution was not an acid nor a base, this was inappropriate. 
The question asked what the student would do about cleaning the spill, not about informing others. As such, responses that referenced informing a supervisor could not be accepted.
Question 5a.
	[bookmark: _Hlk193277816]Mark
	0
	1
	2
	3
	Average

	%
	2
	11
	38
	49
	2.4


This question specifically asked about examining red onion cells. This sample was not dangerous to the student. They had to be specific about either protection from the dye or the glass, or contamination of the slide itself.
Responses included:
lab coat: prevents contamination of clothes
safety glasses: prevent glass and stains from going into the technician’s eyes
gloves: protect skin from staining or prevent contamination of slide.
Question 5b.
	Mark
	0
	1
	Average

	%
	28
	72
	0.7


10x objective lens
Most students did well on this question.
[bookmark: _Hlk193277929]

Question 5c.
	Mark
	0
	1
	2
	Average

	%
	28
	19
	54
	1.3


This question required students to use the row of 100x total magnification (as given in the stem of the question). Not all students did this.
Accepted responses were from 8 to 12 cells across the diameter in the calculation. Students were required to include the units (which were given in the table).
The correct answer was 2000 / 8–12 cells = approximately 200 µm.
Question 5d.
	Mark
	0
	1
	2
	3
	4
	Average

	%
	9
	14
	31
	12
	35
	2.5


This question asked students to list two structures that they could see in the FOV. Many students did not refer to the diagram and listed structures commonly associated with plant cells but not visible in the provided image, such as ‘vacuole’.
	Name of the structure
	Function

	Cell wall
	Provides structural rigidity and support to the plant, holds the cells together, gives the plant structure.

	Nucleus
	Controls cell function and contains DNA.

	Cell cytoplasm
	Contains essential cell components (organelles, nucleus) for viability.


Question 6a.
	Mark
	0
	1
	2
	Average

	%
	24
	53
	23
	1.0


This question asked students to compare a molecular technique such as PCR with a microbial technique such as bacterial culture. In general, students did poorly on this question and commonly discussed the time-saving component, which was mentioned in the stem of the question. If time was mentioned, students needed to provide a specific example of how the technique saved time. Many students also said that it saved resources, which is not always accurate, as molecular techniques often require specialised and costly materials.
Possible answers included the following:
Molecular techniques only require a small DNA sample, while microbial techniques require large samples as they involve growing whole organisms.
Analysis using molecular techniques can be faster as you do not need to grow an organism, while traditional microbial techniques are slower as you must grow the organisms.
Samples analysed using molecular techniques are unlikely to be pathogenic, while samples used in traditional microbial techniques could be pathogenic.
Species level / specificity identity.
Question 6b.
	Mark
	0
	1
	2
	Average

	%
	51
	36
	13
	0.6


This question was about buffers in molecular techniques. Although most students knew what a buffer was, many students wrote about buffers being used to calibrate equipment instead. 
Expected response: 
to maintain/regulate pH levels within specific limits
to prevent DNA polymerase (enzymes) from denaturing or to allow the reaction to proceed to completion.
Question 6c.
	Mark
	0
	1
	2
	Average

	%
	39
	38
	24
	0.9


Many students repeated the stem of the question and wrote about rapidly identifying specific microorganisms. Students were not awarded marks for information repeated from the question.
Possible responses included the following:
PCR can detect the presence of pathogen DNA with high sensitivity/specificity.
PCR can show exact strain/species of pathogenic DNA.
PCR can identify organisms that don’t culture well in a laboratory. 
The benefit of this analysis is the timely and appropriate treatment of illness.
Question 6d.
	Mark
	0
	1
	2
	Average

	%
	20
	34
	46
	1.3


Only one possible consequence was required; responses that gave more than one consequence received a maximum of one mark. For both marks to be awarded, one example and a suitable explanation were required. Most students wrote about contamination in some way, but they needed to also explain the outcome from that contamination.
Possible answers included:
a non-successful procedure where no DNA is amplified or detected, wasting resources
DNA amplification of non-target regions of specific DNA possibly occurring
DNA from contamination from other organisms potentially being amplified in addition to limiting the amplification of target DNA regions
wasting time and resources to re-do tests due to contamination
damaged business reputation.


Question 6e.
	Mark
	0
	1
	2
	3
	Average

	%
	10
	23
	50
	18
	1.8


Many students listed aseptic techniques that are done with microbial techniques such as using a Bunsen burner. This indicates that many students may not have knowledge of or practical experience with these techniques. If these specific techniques cannot be done in practice, students should visit another lab or watch videos of the techniques to understand how aseptic techniques differ from microbial ones.
Possible answers included:
performing sterilisation of necessary PCR equipment; pipette tips; PCR tubes using an autoclave
aseptic transfer of prepared sample(s) to PCR tubes and avoiding cross-contamination
working within a specific PCR type cabinet or Class II Biohazard cabinet
wearing specific PPE with a face mask and ensuring PCR master mixes, buffers and primers are freshly prepared under aseptic conditions
ensuring work area has been properly cleaned prior to and after the procedure, with 70% ethanol, and UVL exposure overnight if required
keeping the work area organised and clear of clutter
putting on PPE.
Question 7a.
	[bookmark: _Hlk193287661]Mark
	0
	1
	2
	3
	Average

	%
	5
	17
	45
	33
	2.1


The key part to this question was ‘to set up a compound light microscope’. Putting the slide on the stage was not considered to be part of setting the microscope up for use. Many students wrote more than one answer in each box. The question only asked for three further steps, not all steps.
Possible answers included:
removing the dust cover 
cleaning the microscope lenses with Kimwipes
checking power connection and turning on light
ensuring the lowest power objective lens is in place
ensuring the main switch is off and light intensity is lowered
ensuring the iris diaphragm is operative
ensuring the turret is operative
checking ergonomics
lowering stage.


Question 7b.
	Mark
	0
	1
	2
	3
	4
	5
	6
	Average

	%
	2
	3
	4
	6
	17
	27
	41
	4.9


Students needed to correctly identify both the name and function in order to receive a mark. Many students did not know the name for D, but as long as there was something included about ‘rotation’ or ‘revolving’ the objective lenses, this was accepted.
	Letter
	Name 
	Function 

	A
	Eye piece or ocular lens
	Lens the eye looks through. 

	B
	Coarse or main focus
	Used to focus objects using 4x and 10x objective lenses.
In this diagram the stage would move up and down to achieve that.

	C
	Fine focus
	Used to make the view clearest for all the objective lenses.

	D
	Revolving nosepiece / lens rotation
	Holds the objective lenses.

	E
	Objective lens
	Magnifies the objects on the slide.

	F
	Stage
	Where the slide under observation is placed. 


Question 7ci.
	Mark
	0
	1
	2
	Average

	%
	57
	27
	17
	0.6


This question asked about the appropriate illumination. Responses should have involved the use of immersion oil and 100x objective as per the protocol. Many students included the colour differences between the bacteria, but this was not awarded marks.
Expected responses:
by adjustment of the iris diaphragm setting
immersion oil
objective 100x
allowing a full FOV and the light intensity to allow sufficient contrasting background over the depth of field
Kohler illumination.


Question 7cii.
	Mark
	0
	1
	Average

	%
	74
	26
	0.3


Most students simply stated ‘in-between the stage clips’, which was too vague and not awarded marks.
Expected responses included:
specimen facing upwards
no coverslip and in contact with the objective lens with immersion oil.
Question 8a.
	Mark
	0
	1
	2
	3
	Average

	%
	22
	52
	20
	5
	1.1


This question required students to demonstrate their knowledge about sterility and performance checks for preparing agar plates. Many students did not consider the word ‘important’ in this question and discussed putting on PPE.
Possible answers included the following:
Prepare media, sterilise by autoclaving and pour into Petri dishes.
Store the prepared media plates in the fridge at 4–8 degrees Celsius.
Incubate 1–2 agar plates for sterility check. 
Check incubated Petri dishes after 24 and 48 hours and record the observation and results.
Inoculate 1–2 agar plates from storage with bacteria to be grown and incubate for performance check.
 Check and record the observations and results (for lack of growth or necessary performance growth, state of media surface for dryness, cracking).
Check the temperature, humidity levels and aerobic/anaerobic conditions of the incubator(s) and record the above parameters according to laboratory protocols.
Question 8b.
	Mark
	0
	1
	Average

	%
	2
	98
	1.0


The stem of the question stated that they had to report to their supervisor after three days.
This question was done well by the majority of students.


Question 9
	Mark
	0
	1
	2
	3
	4
	5
	6
	Average

	%
	1
	4
	5
	10
	19
	1
	61
	4.9



	Solvent 
	c

	Solute 
	b

	Solution 
	f

	Primary standard 
	d

	Working solution 
	a

	Secondary standard 
	e


This question was generally well done by students, although some confusion was evident between the terms ‘working solution’, ‘standard solution’ and ‘solution’.
Question 10a.
	Mark
	0
	1
	2
	Average

	%
	6
	46
	48
	1.4


Students needed to understand why documentation is important in any laboratory and why it is essential to keep to existing protocols. An SOP is a documented process that outlines the specific steps required to be followed in certain tasks to ensure consistency and reliability. Some students stated that an SOP was a ‘safety’ operating procedure and discussed safety procedures. This would be documented in the SDS and less likely to be in an SOP.
A mark was also given for explanation of use; for example: to act as instructions to perform a variety of laboratory procedures including receipt and treatment of samples, preparation of reagents or solutions, test procedures, report preparations, customer service, etc. 
Question 10b.
	Mark
	0
	1
	2
	Average

	%
	7
	50
	43
	1.4


Possible answers included:
consistency and reproducibility / ensuring that everyone follows the same procedure leading to consistent results and therefore reliability and customer satisfaction
training and compliance / making sure that the laboratory is compliant with regulatory standards / safety / training standards
acting as part of a laboratory’s quality assurance and control systems
ensuring that staff follow correct procedures and meet organisational requirements
minimising safety risks and improve safety outcomes
improving laboratory efficiency and output
ensuring that other people can follow procedures during absences
being able to refer back to process when results are not what expected.
Responses that repeated information from Question 10a. without providing new detail were not accepted.
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