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Practice internal assessment resource. Pāngarau Kaupae 1 – Mathematics and Statistics Level 1.
Supports practice assessment against:
Achievement Standard 91035 version 3 – Investigate a given multivariate data set using the statistical enquiry cycle
Paerewa Paetae 91035 Putanga 3 – Te whakamahi i ngā tikanga tūhuratanga tauanga hei tūhura huinga raraunga matatini 
4 credits
This resource:
· clarifies the requirements of the standard
· supports teachers to understand assessment of the standard
· provides students with a practice assessment task
· is supported by teaching and learning activities available on the Waka Kotahi Education Portal
Teacher guidelines
The following guidelines are designed to ensure that teachers can carry out a valid and consistent assessment using this practice internal assessment resource. 
Teachers need to be very familiar with the outcome being assessed by Achievement Standard Mathematics and Statistics 91035. The achievement criteria and the explanatory notes contain information, definitions, and requirements that are crucial when interpreting the standard and assessing students against it.
Context
This activity involves students using the statistical enquiry cycle to make comparisons between groups in a population. The context for this resource is a sample from the   multivariate dataset. 
The New Zealand Vehicle and Road Safety Study is a fictional study and the dataset is also fictional, providing students with the opportunity to use the PPDAC cycle to investigate reaction, braking, and total stopping distances of vehicles at two speeds (40 km/h and 50 km/h) and on different road conditions (wet and dry). There are 120 records and five variables in the original dataset. The data is located at:
Mathematics and statistics - Waka Kotahi Education Portal
Conditions
This activity requires at least two separate sessions. All work must be completed independently. In the first session, students should use approximately 20 minutes to review the variables and pose two comparison investigative questions. While two questions are asked for, only one is needed for the investigation. For this practice task all combinations of variables are suitable for investigation. The variables for this activity support six investigations: 
· reaction distance compared by Speed or Conditions
· braking distance compared by Speed or Conditions
· total stopping distance compared by Speed or Conditions
This achievement standard requires students to compare a numerical variable across categories; a comparison of category variables is not appropriate. In other words, one of the variables investigated must be continuous and the other a category variable, for example, Reaction distance and Conditions. It is not appropriate to investigate a relationship situation for this task.
Check students’ investigative questions, and, if required, provide time for students to correct or improve their questions, before beginning the second session. If they are unable to improve their questions so that they have at least one suitable investigative question, give feedback of a general nature indicating which of the question criteria have not been met; do not provide the question. Student Resource C provides an example of a worksheet which could be provided for students to write their question and where feedback could be provided by ticking the criteria in the checkboxes. Where more than minimal feedback is needed, the student is not ready for assessment against this standard.
The second (and subsequent) sessions are for students to carry out the analysis and write conclusions. Any technology is allowed for the analysis.
Resource requirements
Students need a variable list for the New Zealand Vehicle and Road Safety Study data (Student Resource A). 
This activity requires students to have access to the New Zealand Vehicle and Road Safety Study dataset. Students will either need to be provided with a random sample of 20-40 per category or be familiar with how to use software to select a random sample of this size. A sample of size 60 (30 per category) has been created and is available in Student Resource B and via:
Mathematics and statistics - Waka Kotahi Education Portal
You may wish to give students a template to assist them in posing investigative questions, for example:
· Looking at the data, what are you curious about? Complete the statement “I wonder …”
· Write down the variables that you are investigating.
· What are the groups you are comparing? 
Additional information
The New Zealand Road and Vehicle Safety Study dataset with 120 records and the subset with 60 records can be found at:
Mathematics and statistics - Waka Kotahi Education Portal
The full dataset of 120 records is available but a subset of this needs to be used in the analysis to align with NZQA clarifications:
2019 AS91035 clarifications 
The sample sizes need to be appropriate for the guideline that is being used to make the call. If the “¾ - ½” rule is used, then both sample sizes need to be between 20 and 40.
If the "overall visible spread" guideline is used, then both sample sizes need to be around 30 (the critical fraction is then ⅓), or around 100 (the critical fraction is now ⅕).”
Students could be provided with the random sample of 60 records by the teacher or select a random sample using statistical software if the teacher wants students to work with different samples.


How far until it stops?
Internal assessment resource
Student instructions
Paerewa Paetae Pāngarau 91035: Te whakamahi i ngā tikanga tūhuratanga tauanga hei tūhura huinga raraunga matatini
Achievement Standard Mathematics and Statistics 91035: Investigate a given multivariate data set using the statistical enquiry cycle
Credits: 4
	Paetae – Achievement
	Kaiaka – Achievement with Merit
	Kairangi – Achievement with Excellence

	Investigate a given multivariate data set using the statistical enquiry cycle.
	Investigate a given multivariate data set using the statistical enquiry cycle, with justification.
	Investigate a given multivariate data set using the statistical enquiry cycle, with statistical insight.


Introduction
A recent study was carried out in New Zealand by a group of people interested in vehicle and road safety. During the study the stopping distances of numerous drivers, using a variety of makes and models of cars, on different road surfaces, were measured. Hundreds of measurements were taken over the course of the study. 
This assessment requires you to undertake a statistical investigation using a randomly selected sample from the New Zealand Road and Vehicle Safety Study dataset. First you will pose two investigative questions that can be answered using the dataset. Then you will analyse the sample and form a conclusion for one of your questions.
This assessment is to be completed independently.
You will be assessed on the quality of your discussion and reasoning and how well you link this to the context.
Task
As you carry out this task, you will use the statistical enquiry cycle (Problem, Plan, Data, Analysis, Conclusion). 
[bookmark: _Hlk27821571]Problem (kaupapa)
Pose two investigative questions that can be explored using the data from the New Zealand Road and Vehicle Safety Study dataset. See Resource A for part of the data and a description of the variables. 
Your investigative questions must be comparison questions. A suitable comparison investigative question is one that:
· reflects the population
· has a clear variable to investigate
· compares the values of a continuous variable across different categories
· can be answered with the data.

For each question, state the variable you are investigating and the groups you are comparing. 
Now choose one of your two questions for investigation using a sample of the data found in Resource B or provided by your teacher.
Plan (whakamahere) and data (raraunga)
The data provided is a random sample from the New Zealand Vehicle and Road Safety Study dataset and therefore can be considered representative of all the data collected in the New Zealand Vehicle and Road Safety Study.
Analysis (tātari)
Draw at least two appropriate graphs that show different features of the data in relation to your investigative question. 
Give appropriate summary statistics.
Describe features of the distributions comparatively (for example, shape, middle 50%, shift, overlap, spread, unusual or interesting features).
Conclusion (whakatau)
Write a conclusion summarising your findings. The conclusion needs to include an informal inference in response to your investigative question and to be supported with relevant evidence.

Resources
Resource A – How far until it stops? 
Details of sample and variables
The table below shows a small part of the dataset that you will be using to complete the investigation and a description of the variables. Your teacher will give you a random sample of vehicle stopping distances from the New Zealand Road and Vehicle Safety Study dataset in electronic and hard copy form. 
The sample in the dataset was randomly selected from the New Zealand Road and Vehicle Safety Study dataset. 
	Conditions
	Speed
(km/h)
	Reaction distance (m)
	Braking distance (m)
	Total stopping distance (m)

	Wet
	40
	7.1
	17.5
	24.6

	Dry
	40
	5.9
	8.3
	14.2

	Dry
	50
	7
	12.8
	19.8

	Wet
	50
	17.2
	23
	40.2

	Wet
	40
	6.1
	13.7
	19.8



	Variable
	Measurement made

	Conditions
	Road conditions: Wet or dry

	Speed
	Initial speed before braking: 40 km/h or 50 km/h

	Reaction distance
	The distance travelled before applying the brakes, in metres

	Braking distance
	The distance travelled between applying the brakes and coming to a complete stop, in metres

	Total stopping distance
	Reaction distance + braking distance, in metres



The total stopping distance of a car can be broken down into two major components, the reaction distance and the braking distance. The reaction distance is the distance it takes for a driver to react to the need to stop and start to apply the brakes. The braking distance is the distance travelled from applying the brakes until the car comes to a complete stop. Braking distance depends on the characteristics of the vehicle and the road surface.
If you want to learn more about following distances when driving and how it relates to leaving enough space for your vehicle to stop suddenly if needed, you can use the free learn-to-drive resource Drive: 
Following distances (Drive)


Resource B – How far until it stops? 
Dataset
	Conditions
	Speed
	Reaction distance
	Braking distance
	Total stopping distance

	Dry
	40
	6.5
	7.6
	14.1

	Dry
	40
	6
	8.6
	14.6

	Dry
	40
	5.9
	9
	14.9

	Dry
	40
	8.2
	9.3
	17.5

	Dry
	40
	5.9
	8.3
	14.2

	Dry
	40
	6
	8.3
	14.3

	Dry
	40
	7.2
	9.3
	16.5

	Dry
	40
	7.9
	7.4
	15.3

	Dry
	40
	5.7
	8
	13.7

	Dry
	40
	14.2
	9.7
	23.9

	Dry
	40
	7.4
	9.9
	17.3

	Dry
	40
	7
	7.2
	14.2

	Dry
	40
	7.7
	9.3
	17

	Dry
	40
	7
	12.5
	19.5

	Dry
	40
	6.2
	11.4
	17.6

	Dry
	50
	12.4
	15.6
	28

	Dry
	50
	18.2
	14.3
	32.5

	Dry
	50
	9.3
	15.4
	24.7

	Dry
	50
	9.4
	14.8
	24.2

	Dry
	50
	6.4
	13.4
	19.8

	Dry
	50
	10.2
	15.5
	25.7

	Dry
	50
	9.8
	16.6
	26.4

	Dry
	50
	7
	13.9
	20.9

	Dry
	50
	8.2
	12.3
	20.5

	Dry
	50
	7
	12.8
	19.8

	Dry
	50
	6.6
	17.7
	24.3

	Dry
	50
	7.5
	13.2
	20.7

	Dry
	50
	6.9
	14.7
	21.6

	Dry
	50
	9.2
	16.5
	25.7

	Dry
	50
	6.4
	16.3
	22.7

	Wet
	40
	6.3
	14.6
	20.9

	Wet
	40
	7.8
	14
	21.8

	Wet
	40
	5.9
	15.1
	21

	Wet
	40
	9.3
	11.8
	21.1

	Wet
	40
	6.1
	13.7
	19.8

	Wet
	40
	6.7
	16.8
	23.5

	Wet
	40
	7.1
	17.5
	24.6

	Wet
	40
	6.6
	17.8
	24.4

	Wet
	40
	12.4
	17.5
	29.9

	Wet
	40
	8.1
	23.6
	31.7

	Wet
	40
	6.8
	22.3
	29.1

	Wet
	40
	6.8
	22.3
	29.1

	Wet
	40
	7.3
	16.2
	23.5

	Wet
	40
	8
	16.7
	24.7

	Wet
	40
	10.7
	18.9
	29.6

	Wet
	50
	6.1
	16.9
	23

	Wet
	50
	7.5
	24.8
	32.3

	Wet
	50
	11.8
	32.2
	44

	Wet
	50
	8.2
	30.3
	38.5

	Wet
	50
	6.2
	26
	32.2

	Wet
	50
	10.5
	24.5
	35

	Wet
	50
	9.7
	29.4
	39.1

	Wet
	50
	10.1
	27.8
	37.9

	Wet
	50
	9.7
	26
	35.7

	Wet
	50
	11.2
	21.8
	33

	Wet
	50
	7.1
	30.1
	37.2

	Wet
	50
	17.2
	23
	40.2

	Wet
	50
	8
	18.3
	26.3

	Wet
	50
	9.1
	28.3
	37.4

	Wet
	50
	8.9
	24.2
	33.1




Resource C – How far until it stops? 
Problem
Pose two investigative questions that can be explored using the data from the New Zealand Road and Vehicle Safety Study dataset. See Resource A for part of the data and a description of the variables. 
Your investigative questions must be comparison questions. 
Your teacher will check the criteria are met for your questions.

Question 1: A suitable comparison investigative question is one that:
	
	reflects the population

	
	has a clear variable to investigate

	
	compares the values of a continuous variable across different categories

	
	can be answered with the data.


Question:



Variable you are investigating:

Groups being compared: 


Question 2: A suitable comparison investigative question is one that:
	
	reflects the population

	
	has a clear variable to investigate

	
	compares the values of a continuous variable across different categories

	
	can be answered with the data.


Question:



Variable you are investigating:

Groups being compared: 

After your teacher checks your questions, choose one of them for your investigation using a sample of the data found in Resource B or provided by your teacher.
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Waka Kotahi NZ Transport Agency	www.education.nzta.govt.nz				Education Portal - 1
Assessment schedule: Mathematics and Statistics 91035 How far until it stops?
	Evidence/Judgements for Achievement
	Evidence/Judgements for Achievement with Merit
	Evidence/Judgements for Achievement with Excellence

	The student has investigated a given multivariate data set using the statistical enquiry cycle.
The student has:
· investigated data that has been collected from a survey situation
· posed an appropriate comparison question using a given multivariate data set
· selected and used appropriate display(s)
· given summary statistics such as the five summary values (minimum, maximum,
median, quartiles)
· discussed features of distributions comparatively, such as shape, middle 50%, shift, overlap, spread, unusual or interesting features
· communicated findings, such as informal inference and supporting evidence, in a
conclusion.
For example:
Problem
The question is a comparison question that clearly identifies the population, the groups, the variables. The nature of the comparison is shown by the use of words such as “tends to’ or “usually” etc.

[bookmark: _Hlk27828036]Do the reaction distances in the NZ Road and Vehicle Safety Study tend to be further with wet road conditions than the reaction distances in the NZ Road and Vehicle Safety Study with dry road conditions?

Analysis
Dot plots and box and whisker plots are produced
Summary statistics have been found.
At least two features of the distributions have been discussed comparatively.

The box and whisker graph shows that, in the sample there is a lot of overlap of the middle 50% of reaction distances in wet conditions with the middle 50% of reaction distances in dry conditions.
The box and whisker graph also shows that, in the sample the interquartile range (IQR) of the reaction distances in dry conditions is similar to the IQR of the reaction distances in wet conditions, which suggests that the spread of the middle 50% of reaction distances is similar for both wet and dry conditions. 

Conclusion
Findings, such as an informal inference, are communicated that include the population, the groups, the variable and the nature of the inference. The inference is consistent with the position of the medians relative to the boxes.

My investigative question was: Do the reaction distances in the NZ Road and Vehicle Safety Study tend to be further with wet road conditions than the reaction distances in the NZ Road and Vehicle Safety Study with dry road conditions?

My analysis does not allow me to make a call about whether in the NZ Road and Vehicle Safety Study the reaction distances for wet road conditions tend to be further than the reaction distances for dry road conditions. 
	The student has investigated a given multivariate data set using the statistical enquiry cycle with justification.
The student has:
· produced a response that gives evidence of linking components of the statistical enquiry cycle to the context and/or populations, and referring to evidence such as sample statistics, data values, or features of visual displays 
· investigated data that has been collected from a survey situation
· posed an appropriate comparison question using a given multivariate data set
· selected and used appropriate display(s)
· given summary statistics such as the five summary values (minimum, maximum,
median, quartiles)
· discussed features of distributions comparatively, such as shape, middle 50%, shift, overlap, spread, unusual or interesting features
· communicated findings, such as informal inference and supporting evidence, in a
conclusion.
For example:
Problem
The question is a comparison question that clearly identifies the population, the groups, the variables. The nature of the comparison is shown by the use of words such as “tends to’ or “usually” etc.

Do the total stopping distances in the NZ Road and Vehicle Safety Study tend to be further for vehicles with an initial speed of 50 km/h than the total stopping distances in the NZ Road and Vehicle Safety Study for vehicles with an initial speed of 40 km/h?

Analysis
Dot plots and box and whisker plots are produced
Summary statistics have been found.
At least two features of the distributions have been discussed comparatively.
The discussion of the features is justified with reference to evidence from the displays and summary statistics.

The box and whisker graph shows that, in the sample the middle 50% of total stopping distances with an initial speed of 50 km/h are positioned higher up at the scale (from 23.3 – 35.5 m) than the middle 50% of total stopping distances with an initial speed of 40 km/h, which are positioned from 15.6 – 24.3 m.
The box and whisker graph also shows that, in the sample the interquartile range (IQR) of the total stopping distances with an initial speed of 50 km/h is almost 1.5 times larger at 12.2 m than the IQR of the total stopping distances with an initial speed of 40 km/h (8.7 m).  This suggests that spread of the middle 50% of total stopping distances is higher for vehicles with an initial speed of 50 km/h than for vehicles with an initial speed of 40 km/h.

Conclusion
Findings, such as an informal inference, are communicated that include the population, the groups, the variable and the nature of the inference. The inference is justified by referring to the position of the medians relative to the boxes.

My investigative question was: Do the total stopping distances in the NZ Road and Vehicle Safety Study tend to be further for vehicles with an initial speed of 50 km/h than the total stopping distances in the NZ Road and Vehicle Safety Study for vehicles with an initial speed of 40 km/h?

My analysis suggests that in the NZ Road and Vehicle Safety Study, the total stopping distances when the initial vehicle speed is 50 km/h are generally further than the total stopping distances when the initial vehicle speed is 40 km/h. This claim is based on the fact that in the samples the median total stopping distance for vehicles with an initial speed of 50 km/h is higher than the middle 50% of total stopping distances for vehicles with an initial speed of 40 km/h. This evidence is sufficient to suggest that what I see in my samples is likely to be what is happening back in the population of the NZ Road and Vehicle Safety Study dataset. 



	 The student has investigated a given multivariate data set using the statistical enquiry cycle with statistical insight.
The student has:
· produced a response that gives evidence of integrating statistical and contextual knowledge throughout the statistical enquiry cycle, and may involve
reflecting on the process or considering other explanations for the findings.
· investigated data that has been collected from a survey situation
· posed an appropriate comparison question using a given multivariate data set
· selected and used appropriate display(s)
· given summary statistics such as the five summary values (minimum, maximum,
median, quartiles)
· discussed features of distributions comparatively, such as shape, middle 50%, shift, overlap, spread, unusual or interesting features
· communicated findings, such as informal inference and supporting evidence, in a
conclusion.
For example:
Problem
The question is a comparison question that clearly identifies the population, the groups, the variables. The nature of the comparison is shown by the use of words such as “tends to’ or “usually” etc.

Do the total stopping distances in the NZ Road and Vehicle Safety Study tend to be further for vehicles with an initial speed of 50 km/h than the total stopping distances in the NZ Road and Vehicle Safety Study for vehicles with an initial speed of 40 km/h?

Analysis
Dot plots and box and whisker plots are produced
Summary statistics have been found.
At least two features of the distributions have been discussed comparatively.
The discussion of the features is justified with reference to evidence from the displays and summary statistics.
The discussion of the features is integrated with appropriate contextual knowledge.

I can see from the box and whisker graph of the sample that there is very little overlap of the middle 50% of total stopping distances for initial vehicle speeds of 50 km/h with the middle 50% of the total stopping distances for initial vehicle speeds of 40 km/h. The lower quartile of the total stopping distances for 50 km/h (23.3 m) is only slightly lower than the upper quartile for 40 km/h (24.3 m) and is higher than the median total stopping distance for 40 km/h (20.4 m). This tells me that the at least 75% of the total stopping distances for an initial vehicle speed of 50 km/h are further than the shortest 50% of the total stopping distances for an initial vehicle speed of 40 km/h. This makes sense for total stopping distances to be further at higher speeds as I know the faster you travel the further you leave in front of you to the vehicle in front. This gives you a greater distance to stop in if you need to stop suddenly. This is the reason why we have a 2-second rule for following distances. 

The box and whisker graph also shows that, in the sample the interquartile range (IQR) of the total stopping distances an initial speed of 50 km/h is almost 1.5 times larger at 12.2 m than the IQR of the total stopping distances with an initial speed of 40 km/h (8.7 m).  This suggests that spread of the middle 50% of total stopping distances is higher for vehicles with an initial speed of 50 km/h than for vehicles with an initial speed of 40 km/h. This makes sense as different vehicles and drivers were used in this study and I would expect that variation in the performance of vehicles of the reaction times of drivers to be more noticeable at higher speeds. 

Conclusion
Findings, such as an informal inference, are communicated that include the population, the groups, the variable and the nature of the inference. The inference is justified by referring to the position of the medians relative to the boxes.
The findings are integrated with appropriate contextual knowledge. There may be evidence of considering other explanations for the findings.

My investigative question was: Do the total stopping distances in the NZ Road and Vehicle Safety Study tend to be further for vehicles with an initial speed of 50 km/h than the total stopping distances in the NZ Road and Vehicle Safety Study for vehicles with an initial speed of 40 km/h?

My analysis suggests that in the NZ Road and Vehicle Safety Study, the total stopping distances when the initial vehicle speed is 50 km/h are generally further than the total stopping distances when the initial vehicle speed is 40 km/h. This claim is based on the fact that in the samples the median total stopping distance for vehicles with an initial speed of 50 km/h is higher than the middle 50% of total stopping distances for vehicles with an initial speed of 40 km/h. Because the sample size is 30 per group, this evidence is sufficient to suggest that what I see in my samples is likely to be what is happening back in the population of the NZ Road and Vehicle Safety Study dataset. 

This claim makes sense as I know it takes a further distance to come to a stop when travelling at higher speeds, like on the motorway at 100 km/h compared to on roads at 50 km/h. However, I was not sure if I would see a difference with only 10 km/h difference in speed. So, it was interesting that a difference in the tendency of the stopping distances was quite clear in my samples. This means that even a small difference in speed makes a noticeable difference in stopping distance and it is important for drivers to keep to the speed limits.

These findings might be useful to drivers who drive through areas with lots of pedestrians. Often there are lower speed limits in these areas to keep everyone safe. It’s useful for drivers to know that even being slightly over the speed limit would put people at risk as it increases the stopping distance if they need to stop suddenly. 

If I was to repeat this sampling process with a new random sample from the NZ Road and Vehicle Safety Study database, I would expect there to be some differences in the sample statistics and graphs due to sampling variability. Even so, I would expect to see that generally total stopping distances for an initial vehicle speed of 50 km/h would be further than the total stopping distances for an initial vehicle speed of 40 km/h, as the distance between the medians in my original sample is sufficiently large, with the median total stopping distance for 50 km/h being 27.2 m and for 40 km/h it is 20.4 m. The median total stopping distance for an initial speed of 50 km/h is also higher than the upper quartile for 40 km/h (24.3 m).  So, I would not expect my claim to change with another sample.

	· 
	· 
	


Final grades will be decided using professional judgement based on a holistic examination of the evidence provided against the criteria in the achievement standard.
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Graphs, summary statistics, and confidence intervals for the question: Do the reaction distances in the NZ Road and Vehicle Safety Study tend to be further with wet road conditions than the reaction distances in the NZ Road and Vehicle Safety Study with dry road conditions?
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Summary statistics:

	
	Dry
	Wet

	Minimum (m)
	5.7
	 5.9

	LQ (m)
	6.4
	6.8

	Median (m)
	7.1
	8.0

	UQ (m)
	9.0
	9.7

	Maximum (m)
	18.2
	17.2

	Sample size
	30
	30














 















Graphs and summary statistics were created using iNZight.

Graphs, summary statistics, and confidence intervals for the question: Do the total stopping distances in the NZ Road and Vehicle Safety Study tend to be further for vehicles with an initial speed of 50 km/h than the total stopping distances in the NZ Road and Vehicle Safety Study for vehicles with an initial speed of 40 km/h?
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Summary statistics:

	
	40 km/h
	50 km/h

	Minimum (m)
	13.7
	19.8

	LQ (m)
	15.6
	23.3

	Median (m)
	20.4
	27.2

	UQ (m)
	24.3
	35.5

	Maximum (m)
	31.7
	44.0

	Sample size
	30
	30














 














Graphs and summary statistics were created using iNZight.
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