Scientific Studies
Assessment Type 2:
Collaborative Inquiry
This exemplar shows the type of evidence a student might submit for Assessment Type 2:
Collaborative Inquiry. This sample provides evidence at the A grade for:
IAE 5 – Evaluation of the effectiveness of collaboration and its impact on results/outcomes

A Critically and perceptively evaluates the effectiveness of collaboration and its impact on
results/outcomes.

B Critically evaluates the effectiveness of collaboration and its impact on results/outcomes.
C Evaluates the effectiveness of collaboration and its impact on results/outcomes.
D Attempts to evaluate the effectiveness of collaboration and its impact on results/outcomes.
E Acknowledges the effectiveness of collaboration and its impact on results/outcomes.
The annotations given relate only to IAE 5 and is not reflective of the student’s achievement of
other Performance Standards.

Please note:
- This investigation would not qualify as 'Outcome Uncertain' as per the Subject Outline.
- This is just one part (the Journal) of a two part Assessment type. The 'Pitch' is covered by a PowerPoint
presentation which has been provided in the Support materials folder.
- Any notes in coloured text boxes are added to provide information and support for teachers
- Parts of the student report have been highlighted with the colour that corresponds to the colour of the relevant
text box.
- To show annotations, the student's original work has been adapted to fit new page dimensions.
Consequently, changes have been made to the font sizes and images so the sample stays within the 12 page
limit as outlined in the task requirements found in the Subject Outline. Teachers should refer to the latest
Subject Outline when advising students to ensure evidence is compliant.

IAE 5 Group
thinking about the
topic, generating
ideas for what
they might
investigate.

Figure 1: Group brainstorm of ideas for collaborative inquiry

JOURNAL # 1
Following on from our first lesson when the group spent time brainstorming and exploring ideas for
the investigation (Figure 1), we met today to discuss the expectations and standards for our future
group work. By first identifying what was important in group work, we all contributed our ideas to
formulate a strong list of guide rules to follow (Figure 2). After this was completed, behaviors that
must be avoided to ensure strong, productive collaboration was then brainstormed. With everyone
agreeing on the key points, we then finalized the two lists, which demonstrate what values makes a
good group member, see Figure 2. We then decided upon criteria in which to grade collaborative
impact, which is seen in Figure 4. This will help identify who positively impacted the group and was a
beneficial team member. This table is also a guide showing what must be achieved over the course
of the experiment and what each member must do. A timeline of the next few weeks was then
established to ensure everyone is clear on the due dates and knows what must be done prior to
lessons (Figure 3). This will ensure that all information is gathered and shared efficiently, and no
members are negatively impacting the productivity of the group. So far, roles within in the group have
not been established yet as we are in the preliminary stages of the collaborative task yet will be
identified soon.
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IAE 5 Strong
evidence of
expectations being
agreed at the start
using a democratic
process (rule
setting) to establish
a common way of
working and in the
setting of deadlines.

IAE 5 The student
has incorporated
peer assessment as
a means to fairly
assess the
contributions of
other group
members. This
feedback could then
be used to inform
their evaluation for
the Pitch.

Possible Options for Collaborative Task:

Final Decision: It was decided amongst the group that ‘What Impacts the Rate of Food Breakdown’
was to be further investigated for this collaborative task. This topic was challenging but also enabled
us to utilize our scientific skills that we have been developing over the years. Two out of the five
students studied Stage 1 Biology, and therefore, they were able to explain to the group the basic
background information about this experiment. However, I further suggested that I could research
more thoroughly about the exact scientific knowledge about enzymes and their impact on food
breakdown. The only limitation that was brainstormed amongst the group was that there were quite a
few variables which had to be controlled. We then decided to look further into the exact variables
which could impact food breakdown, and then decide which would be the best variable to make our
independent variable. The deconstruction table below displays our ideas on the following variables…

JOURNAL # 2
It was identified in today’s lesson that there are many factors to consider which could potentially
impact enzyme activity, and hence the process of food breakdown/digestion. These variables can be
seen in the Deconstruction Table above. The variables considered above are potential
independent variables for our final experiment. After discussing with the group which variable would
be most appropriate to allocate as the independent variable, it was decided that Concentration of
Enzymes was most suitable. This variable was chosen as the results produced could potentially be
applicable to everyday life, as every human body has a different concentration of enzymes in their
small intestines. This could then help determine their rate of enzyme activity for their body, implying
their metabolism rate.
Therefore, the other variables on the Deconstruction Table must be controlled throughout the final
experiment. It was then decided that smaller experiments were to be conducted to test the variables
we must control. These experiments will help to predict the optimum conditions for this enzyme so
that the most accurate answers are obtained. To allocate what student conducts what experiment, a
RACI chart was utilized. A RACI chart helps distribute jobs evenly, whilst also identifying who will be
liable for helping the student complete the practical, sharing the information and receiving the information.

IAE 5 Use of a
recognised tool to
allocate tasks and
responsibilities to
group members

An issue which occurred when creating the RACI chart was that certain students were not going to
be conducting the experiment at the same time as the others due to other commitments. Therefore, it
was decided that Peta was to be liable making sure all the results are communicated to one another
as she was not going to be missing any lessons and will be present for all of the experiments. This
also meant that it had to be carefully decided who would be allocated what role, as we had to ensure
that the students who were conducting the experiment on the same day were paired up. However,
through meeting together and communicating who would be available for what days, this made
creating the RACI chart much easier.
Evidence of RACI Research/Journal Entry #3:
All five students had one practical assigned, which would test the different variables which could
potentially impact enzyme activity. These experiments were performed to identify the optimal
conditions for the enzyme, protease, to act on. I decided to research how agitation influences the
rate of enzyme activity. When deciding as a group who was designated to what variable, some
students were highly interested in some, meanwhile, I did not mind which variable I was allocated.
This worked out well, as not everyone then wanted to do the same thing, and everyone was
confident with the variable they were investigating. I then conducted some research to understand
how agitation impacts the rate of food breakdown and found that if there is more agitation, this
implies that the enzyme and the substrate are colliding and interacting with each other more
frequently, which results in a faster rate of breakdown (Mussatto, 2008). As I was researching, I also
found some useful facts which may help other students understand the practical and decided to
share this research with the other group members. With everyone making sure we understood the
biology behind the experiment, this ensured all group members were confident with the practical,
which could help us interpret the results from our experiments in more depth.
We were conducting these experiments on the different variables so that we could then determine
the most appropriate method for the main investigation. By controlling these variables, this will
ensure that the only variable impacting the results is the concentration of the enzyme, which is the
independent variable chosen for the final experiment. Therefore, the other variables must be
controlled and kept constant for every trial to ensure the final results are clear and valid. By
investigating the different variables and how to control them, the results produced can then
determine the optimum condition of every variable for breakdown of milk molecules. By then
choosing the optimum conditions for every variable, this will ensure that for the final experiment, the
solution will turn transparent. The tables showing the results from the five experiments are displayed
below and what the values shall be to ensure the optimum conditions are achieved…

IAE 5 Evidence of
problem solving in
group work
IAE 5 Evidence of
ongoing evaluation
of the impact that
collaboration would
have on the
outcome.

When the temperature increases, the molecules in the solution
move around faster. This means there is a greater chance of
collisions between the enzyme and substrate molecules, which
therefore results in a faster rate of reaction. Therefore, 50°C was
the optimum temperature. However, if the solution is too hot, the
enzyme will denature and therefore reaction will not take place.
Final Decision: It was decided by the group
that the independent variable for the final
experiment will be concentration of enzyme,
hence why this independent variable was not
being investigated by any student. Therefore,
the five other variables must be controlled for
the experiment.

TEMPERATURE:
Temperature
(oC)

12
18
50

Time Taken
for Liquid to
Go
Transparent
(mins)

3 : 48
3 : 36
1 : 01

Discussion of the Results: As seen above,
the results from every student’s mini experiment
was collected. From these results, we then
worked as a group to determine the optimum
conditions for the enzyme to perform at its best.
The reaction taking place in the experiment is
protease breaking down the protein molecule in
milk, which therefore changes the solution to
become transparent. By collaborating together,
this ensured that all five variables were
efficiently investigated in a short time and the
optimum conditions were established.
Journal Entry #4:
So far, the other students and I have been working very efficiently together as a team. By consistently
checking on each other to see that we are all at the same point in the collaborative task, this ensure that
we can have valuable discussion times in which we are all on the same page. However, a challenge we
have faced is the absence of a few members throughout lessons. To overcome this challenge, we created
a social media page where we all send our results and ideas to one another and inform any students who
were away with what we completed that lesson. This ensures that we also can promptly share information
and valuable notes to develop our understanding about the practical. A limitation we have identified is that
we only get certain time periods in which we can help one another face to face – during our lesson times.
This means that if we want to have a proper group discussion about something and gain help from the
teacher, we need to do it during these time periods – being three times a week we see each other all
together. However, thus far the collaboration between team members has been effective, which can be
seen by efficiently conducting five experiments and working out the optimum conditions for protease. By
working as a group, it has also been beneficial as more ideas are able to be considered, however,
sometimes it is difficult as everyone has their own opinions and therefore will not agree to everything.
Therefore, to sort this issue, we make sure everyone is happy with decisions before moving on and make
sure every member has the opportunity to put forward their own opinions and ideas.

IAE 5 Evidence of
group decision
making to agree the
design of the
group’s
investigation.

IAE 5 Evidence of
group members
supporting the
progress of other to
ensure everyone is
on track with the
agreed timeline.
IAE 5 Evidence of
ongoing evaluation
of group work and
providing solutions
to problems that
arise. Demonstrates
effective
communication
between group
members.

First Trial Run:
It was decided amongst the group that we were to conduct a trial run of the experiment. This was to
ensure that reliable results were produced, and all the controlled variables were able to be maintained.
After trialing the experiment, it was found that as every variable was being controlled at its optimum
condition, the rate of the enzyme activity was extremely fast. By the time we had finished shaking the test
tube 10 times, the solution was already transparent – this happening for the 100%, 80%, 60% and 40%
concentration. Therefore, to produce more reliable results, the group decided to change some of the
controlled variables. It was then decided to have the temperature at 37°C, the test tube was shaken only
twice, and the concentration of the substrate was changed to 2%. The reasons of why these were the new
conditions for the variables can be identified in the justification of the method below.
Collaboration:
The collaboration between the group has so far enhanced the design of this practical. As of now, all
members have been responsible and reliable. This is evident in our group discussions and planning where
all members put forward ideas and concepts, this shown in Figure 4 with each different colour marker
representing a different group member and the variable they investigated. A challenge which has often
occurred is the absence of members. To overcome this challenge, each week we ensure that all members
have completed the set tasks, with the timeline of tasks earlier demonstrated in Figure 3 (first page). By
keeping track of the timeline, this ensures that each member is focused on the investigation and everyone
is putting in the same effort. This timeline has become valuable as every person works at a different pace,
and therefore, by following the timeline, each member has completed the set amount of work. This
enables there to be strong discussion amongst the group when talking about the practical – such as if we

IAE 5 Evidence of
evaluation of the
importance of
agreeing timelines
on achieving
successful
outcomes

are wanting to alter a variable or step in the method or if we are wanting to discuss the work we had
previously completed. Thus far, the trial run has been completed and the method has been updated.
Everyone contributed their own thoughts and ideas to how the method should be improved to ensure
more reliable results are obtained. Another element worth noting is how the positive attitude and proactive
approach to this task has benefited the design of this practical whilst also enhancing the collaboration
between members. The advantage of working collaboratively is that there are four students completing the
final experiment, which allows us to collect more data. This larger sample size ensures that the impact of
any random errors will be reduced, making our results more reliable and precise.
Description of Expected Findings:
For this experiment, it is expected that as the concentration of the enzyme increases, the rate of enzyme
activity increases. This is because there are more active sites present and therefore, there is a higher
chance of the substrate molecules colliding with an enzyme, resulting in the solution turning transparent at
a faster rate. This will result in a graph showing an increase in the x-axis as there is an increase in the yaxis.

IAE 5 Student is
evaluating the
benefit that
collaboration will
have on the results
of the investigation.

Given that the risks are
medium–low for this
experiment, as long as students
follow the prescribed method
and safety precautions, this
practical is considered to cause
no concerns regarding safety. A
safety hazard which could inflict
danger on the students is the
presence of electrical
appliances (the water bath)
being around water. By
ensuring that the surface is
always dry, and the electrical
cord is always away from any
sources of liquid, this hazard
can be limited. Another safety
hazard is glassware. If any
glass is broken, students can
easily injure themselves due to
the sharp shards. Therefore, by
consciously handling glassware
with care, this will ensure the
limitation of this hazard.
Uncontrolled Variables: The controlled variables of agitation, pH and concentration of substrate,
temperature of solutions and type of enzyme have been investigated through collaborative task
already. Therefore, the value to which they must be help constant has been established. However,
an uncontrolled variable which may impact results could potentially be the age and storage of the
enzyme solution used. Overtime the enzymes may have degraded which would result in a lower than
expected rate of activity.

Analysis of Results:
From the results obtained and displayed in Graph 1, 2 and 3, it can be identified that as the concentration
of the protease enzyme increased, the rate of protein molecule breakdown increased. This implies that
when the protease enzymes are more concentrated, there is a greater chance that the enzymes will
collide with the milk substrates, therefore increasing the rate in which the solution broken down. Seen in
Table 4, this then translates to the increase in the rate of breakdown as the concentration of enzyme
increases. Table 1 and 2 follows the trend of the expected results, which was stated in the hypothesis; the
higher the concentration of the protease enzyme in the solution, the faster the rate of milk protein
breakdown. The results produced for the 100%, 80%, 60% and 40% concentrations are all under 100
seconds, however, the 20% trial shows a massive increase in time, having 190 seconds and 211 seconds
for the two trials. This is also identified in Graph 3, where the 20% concentration data value is placed
much higher on the graph compared to the other data values. This occurred due to a very low presence of

protease enzymes, and therefore, not enough active sites to efficiently breakdown all of the protein
molecules. The 20% concentration then resulted in producing extremely low rate of breakdown, in Table
3, compared to the other concentrations. However, this data value is not considered an outlier as the
results followed the expected outcome. The controlled test was the 0% solution, where for every test of
this solution, the milk did not turn transparent after 10 minutes. This implies that there must be enzymes
present for the milk to be broken down, hence why there were no results for the 0% solution.
In Table 1 and 2, the times taken for the milk solution to turn transparent was recorded, with the first trial
(Table 1) producing the smallest value of 32 seconds, achieved by the 100% solution. This shows that
when more enzymes are present in the solution, there are more active sites which can then bond with the
complementary shape of the substrate and further break the molecule down. In this practical, the
breakdown of protein was investigated. The protease enzyme is a catalyst of proteolysis, which is the
process of breaking down proteins into smaller single amino acids. The 100% concentration had the
highest concentration of protease, meaning that there was greater chance of interaction between the
enzyme and substrate, which produced a faster rate of breakdown. The rate of enzyme activity for the
100% concentration was 0.0214 seconds-1, which indicates the fastest rate of substrate breakdown.
Meanwhile, with the 20% concentration, the presence of protease was much less, meaning that not as
many substrates could be broken down at the same time, which resulted in a much greater time and lower
rate of enzyme activity. This is supported through research by the Royal Society of Chemistry, where it is
stated that the “rate of enzyme-catalysed reaction depends on the concentrations of enzyme and
substrate” (Enzymes, n.d.). The article expresses how the rate of enzyme increases as the concentration
of the enzyme increases, however, only up to point as the active sites of the enzyme molecules are
virtually saturated with substrate. The results obtained from this experiment support this theory, as the
enzyme molecules were substrate once the solution was transparent. Research by P. Robinson also
supports this theory, finding that an increasing enzyme concentration will increase the rate of reaction, as
long as there are substrate molecules available to bind to (Robinson, 2015). Therefore, it can be
concluded that the results produced in this experiment supported the hypothesis; the higher the
concentration of the protease enzyme in the solution, the faster the rate of milk protein breakdown.
Evaluation:
The method utilized for this experiment involved combining a milk solution and enzyme solution, then
measuring the time taken for the mixture to turn transparent. This time was identified when the black
cross, drawn on the back at of the test tube, became visible. By then observing the times collected, it
could then be determined which enzyme concentration was the most efficient in breaking down the protein
molecules. Throughout the experiment, many variables were controlled to ensure that the concentration of
the enzyme was the only variable impacting the results. One variable which was difficult to control was the
point at which students could identify the cross at the back of the test tube, this being the end point of the
reaction. As this variable relied on the student’s subjective decision on when the cross was visible, this
could be identified as a potential systematic error. Every student’s decision on when the black cross was
visible would not be identical, however, every student conducted their own trials and therefore, this
remained constant throughout all of the tests. This potential systematic error would therefore decrease the
accuracy of the results; yet, as there are no published results about this specific topic, the true accuracy of
the results cannot be determined. However, there is evidence to suggest the presence of systematic
errors, this being the patterns seen in Graph 3. All of the data values for the second trial (Series 2) are all
consistently greater than the first trial (Series 1). However, for the 100% concentration, the two averages
are identical, which equates to the somewhat reproducible nature of the results and therefore no presence
of systematic errors for that specific trial. However, this is not replicated throughout the following data
sets, suggesting systematic errors have impacted those data sets and decreased the accuracy. Whilst this
specific reaction was unable to be found online, the results follow the general trend of how enzyme
concentration impacts rate of reaction, this seen in Figure 5. Therefore, as the results follow the
generalized expected outcome, potential systematic errors may not have significantly decreased the
accuracy of the results.
By observing Graph 1 and 2, there is evidence of a potential random
error which could have influenced the precision of the results. In the
experiment, when the enzyme solutions were created there was no time
allocated for mixing the solution to ensure the enzyme was fully diluted.
Image removed
This means that the enzyme solution may have not been properly diluted
due to copyright
when added to the milk solution, and therefore, the dispersion of enzymes
throughout the liquid may have been inconsistent. Therefore, for every
trial, there was a possibility that each test tube contained a different
number of enzymes. This is deemed a random error as the variation
between results is inconsistent, which is further emphasized in the scatter
present in Graph 2. Therefore, the lack of precision was identified through
the comparison between tests within the sample. Another random error
which could be present throughout the investigation was the speed at which the test tube was shaken. As
the test tubes were shaken manually by each student, the exact speed at which the test tube was shaken
cannot be identically replicated, this being a human error. This means that for every trial, the solution
could have been shaken more vigorously which would result in a faster rate of enzyme activity as there
would have been stronger collisions between the enzyme and the substrate. Meanwhile, if the test tube

was shaken softer, there would have been less collisions between
enzymes and substrate molecules. This may be a possible reason why
there is greater scatter present on Graph 2 between the results of the
20% concentration, compared to the other concentrations. This potential
error decreases the precision and reproducibility of the results, which can
be identified by the scatter present in Graph 1, 2 and 3. An additional
random error would be the time at which the stopwatch was stopped, this
being the reaction time of the investigator. As the dependent variable, the
time taken for the solution to turn transparent, was timed manually by
hand, this implies that there would be a human error in measuring the
dependent variables. This random error helps to explain the scatter
present in Graph 1 and 2, which accounts for low precision. Table 4 also
supports the presence of random errors in the investigation, as the percentages produced were all above
5% - percentages 5% and lower deem the investigation to have high precision. As the percentages were
extremely high, this implied that the precision of the data was not high. However, as we had a moderate
sample size – 4 trials for each value of the independent variable – this meant that the effect of random
errors on the results were reduced for this experiment as an average was then calculated for every
concentration. Yet, as random errors cannot be eliminated and only reduced, this means the results
produced were still impacted by potential random errors, decreasing the precision.
To improve the method this would help to minimize the impact of errors on the results. To increase the
accuracy of the data and reduce the impact of systematic errors, one student can be allocated for
determining when the cross is visible. Therefore, the end point of the reaction will only be determined by
one student which decreases the chance of different individual perceptions of the end point. Another
systematic error identified was the inconsistent dispersion of enzymes due to incorrectly diluted enzyme
concentrations. This impact of this systematic could be reduced by adjusting the method to include a step
where the enzyme solution is stirred to ensure proper dilution, which would consequently increase the
accuracy of the data. To help reduce the impact of random errors on the results, by utilizing a magnet
stirrer would ensure the milk and enzyme solution would be stirred consistently for every trial. As it would
be difficult to eliminate human error, specifically for timing the rate of reaction, by making one student time
every trial would improve the consistency. Another possible way to reduce the impact of random errors on
the results would be to further increase the sample size. By conducing more trials and then calculating an
average with more data values, this will reduce effect of random errors on results and make the results,
and thus the conclusion, more reliable. With these improvements, the impact of random errors on the
results would be reduced, therefore increasing the precision of the results. Given that the aim of the
experiment was to determine which enzyme concentration was the most efficient at breaking down food,
this method enabled this aim to be achieved and hence the method is considered valid. The experiment
had a lack of potential risks associated with its completion and therefore can be considered safe and
ethical. A limitation present in the experiment was that protease was the only enzyme tested, with milk
being the only substrate investigated. This is deemed as a limitation as humans do not only drink milk and
have other enzymes present in the digestive tract, which therefore means that generalizations about other
enzymes cannot be made. Another limitation is that protease does not replicate the characteristics of all
enzymes. While this practical focused on investigating protease, although the results were valid, the
validity of this experiment could not extend to other enzymes, as all enzymes interact differently with
certain substrates and have different roles within human metabolism.
As this experiment has an outcome which is uncertain, it is difficult to determine the accuracy of the
results. However, as the results followed the general trend expected for enzyme activity, seen in Figure 4,
this shows some level of accuracy. The validity of this experiment was high as the results addressed the
aim of the investigation. The results showed that the 100% concentration had the fastest rate of enzyme
activity and therefore was the most efficient concentration at breaking down the milk solution. Seen in
Graph 3, the reliability of the results are moderately high as when the experiment was repeated a second
time on a different day with new equipment, there was only small scatter between the data values. This
therefore shows that the reproducibility of the results was sound, also implying that the results are
moderately reliable. However, although the experiment showed a high-level of reliability and validity, the
results lacked precision. By calculating the percentage difference in the trials, the precision of the data can
be assessed. The standard conditions of precision state there should be no more than a 5% different
between trials, showing high precision. Table 4 shows that no trials satisfied these conditions, and
therefore the results are deemed unprecise. Due to this low precision, this can help explain the scatter in
Graph 1, 2 and 3 which occurs above and below the trendline.
Evaluation of Collaboration: Overall, collaboration positively impact this experiment as the group was
able to collect and compare a larger sample of data. This further increased the precision of the results as
more data values were produced and therefore the average was calculated using a larger range of values.
By working in a group, this also allowed to have more assistance when conducting the practical. This
further strengthened the reliability of the results as measurements and calculations could be checked by a
variety of people. However, a downfall of the collaborative task was the subjective nature of the end point
of the reaction, which resulted in potential systematic errors, therefore decreasing the accuracy of the
results.

IAE 5 Student
provides evidence
of the impact that
collaboration had on
the quality of the
data collected. A
limitation of
collaboration has
also been
considered.

Conclusion: The hypothesis stated was supported by the collected data, with the higher enzyme
concentration producing the quickest average rate of enzyme activity. This implies that protein molecules
are broken down more readily when there is a greater presence of protease enzymes. The 100%
concentration had the fastest rate of enzyme activity, being 0.0214 seconds-1, taking an average total of
46.75 seconds to breakdown the milk molecules in the 10mL milk solution. However, a limitation of this
experiment is that protease was the only enzyme investigated, and therefore, further conclusions about
the rate of enzyme activity for all enzymes cannot be made. Collaboration positively impacted the
experiment as more trials were conducted to help minimize the impact of random errors, more potential
ideas and variables were considered and improved time efficiency.
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IAE 5 Student has
provided an
assessment of the
performance of
group members
throughout the
investigation. Some
judgements are
directly related to
the impact their
work had on the
results or outcomes
achieved by the
group.
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