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Introduction

This project investigates sampling distributions
of several common strategies that students may
apply in the Chocs and Blocks activity, and
attempts to model data sets of samples collected
from large lecture classes.

Chocs and Blocks Activity

Chocs and Blocks is a classroom activity designed
for introductory statistics students, which helps
them to build understandings of sampling,
sampling bias, variability, estimation and
sampling distributions. (The activity is described
at https:/ /mslc.pages.gitlab.unimelb.edu.au/

chocs-and-blocks/

Students are presented with a tray of 100
chocolate pieces (Chocs and Blocks website
provides a virtual representation of chocolate
pieces), which are irregularly shaped and vary in
size. The task for students is to estimate the
average weight of chocolates on the tray.
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Figure 1: Chocs and Blocks selection process
After selecting 10 blocks, the website automatically calculates
and records the mean weight of the blocks theyve chosen.
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Methodology

+  First, common possible sampling strategies
were determined. For each strategy, use R to
generate 10,000 samples.

+  Second, apply Support Vector Machine (SVM)
for data training and testing, complete possible
classification.

+  Third, implement Gradient Descent Algorithm
to find the optimal distribution of remaining
sampling strategies.
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Figure 3: Possible sampling strategies
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Figure 4: Density plot for different sampling strategies

Results

* Part 1: Classify Arithmetic & Nearby-picking strategy by SVM
Under strategy class: LMS balanced, LMS imbalanced, arithmetic,
nearby binormal, weighted random, simple random
Use 90% data for training, 10% data for testing:

Figure 7: SVM testing data classification

Mean accuracy of classifying the testing data: 75.76%.

Accuracy of classifying “Arithmetic samples”: 95.1%.

Accuracy of classifying “Nearby-picking samples”: 100%.
= Therefore, among 1319 student choice data,

there are 76 “Arithmetic” data, 129 “Nearby-picking” data.

Utilization of CV (computer vision)

OpenCV was employed to boost the efficiency of
generating sarnples and reading.
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Figure 5: Visualization Figure 6: Visualization
of Nearby picking (left) of L7 mixed (right)

» Part 2: Find optimal strategy proportions by Gradient Descent Method
Under strategy class: L5S5, L3M4S3, M10, S7 mixed, L7 mixed,
weighted random, simple random
Use Gradient Descent Algorithm to fit mean and standard deviation distribution:
. Introduce hypothesis function hg(x) = ¥, 0;x;

[ho (:9) = O

. Introduce cost function J(6) :-; i,

. Start with random initial value 6
. For each iteration, approach minimal cost function

9}-' =6 -a- [a%jj(e)] , where a%j/(e) =[he(x) —y] - x;
8j=6—a 'Z{&[he(x(i)) -y * Xj

10:3463589316974405, 0.025047070830963908, 0.04002305882752063,
TL5s5. 13Mas3’ M10' 7. mix

Conclusions

The modelling distribution obtained from the 10
simulated sampling strategies is consistent with the real
density distribution of the collected student choice data,
which both show an overestimation of the theoretical
mean of the tray of chocolates.
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Figure 9: Estimated proportions of simulated sampling strategies

Histogram of student_choice_data$mean

—— Student choice density
Modelled density

- Theoretical mean
-~ - Student choice mean

I
1
I
|
I
I
|
I
I
1
1
{ Modelled mean

Density
0.00 0.02 0.04 0.06 0.08 0.10 0.12
L

T - L— T 1
20 40 60 80
Figure 10: Modelled density distribution

The reason of the overestimation might be resulted from
the visual error that students are more likely to choose a
larger-sized block than smaller-sized or median-sized one.

For further investigation, more emphasis need to be laid
on the way to distinguish simple random sampling from
other sampling strategies.

- student sample
- fitted sample

Figure 8: Fitted plots for student mean(left) and standard deviation (right)
=  Therefore, among the remaining student choice data,
there are 34.6% L5S5 data, 2.5% L3M4S3 data, 4.0% M10 data, 7.3% L7 mixed data,
4.9% S7 mixed data, 21% weighted random data, 26% simple random data .
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