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Introduction

Name that Scenario (NTS) is an online learning tool that
aims to help improve student learning in Stats 250 by
offering students an opportunity to identify the correct
statistical test from a given scenario. NTS was originally an
application written in flash which was ported to JavaScript to
improve its flexibility and generate better usage logs. The
tool allows students to select up to 10 types of statistical
tests about which they receive scenarios. NTS is made
available to students 2 weeks before Exam 2 and is open
until the end of the term.

Design of NTS

NTS code follows a model-view-control design pattern which
keeps the model code (application data), view code (display)
and the control code (event handling) separate. This makes it
easier to reuse and maintain. The scenario files are included
in the application as JavaScript JSON files. Log events are
fired from each of the event handlers in the control module to
create log files from which we took the snapshots below.

Three Screen Shots of NTS

To practice recognizing when to apply concepts you will be presented with *real world scenarios* and asked to identify which concept best applies,
To Start:

1. Select atleast two of the concepts from this list below.
2. Then clickthe "Begin” button

ONE-MEAN

(CHI-SQUARE-INDEPENDENT

e

GHI-SQUARE-GOODNESS-OF-FIT ONE-PROPORTION

Glear Selectons

Correct: 1

Question 4/10

ovider wants to know which age range sends the most text messages, They send a survey to  random sample of their customers and ask them to
Inge (18-24, for example)from 10 options and to estimate the number oftext messages they send per month.
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Researchers wanted to see If 80-year-olds or S-year-olds could perform better on a musical memry test. They gave the test to 30 80-year-oids and 30 5-year-olds and
compared the quantitative results.
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NTS Usage

Analysis on the usage logs tells us when students use NTS,
which statistical tests they chose, how many they at once, and
how often they answer correctly.

5/6/13 T T1/15/13 3
9/10/13 4 11/19/13 1
10/4/13 5 112113 10 500
10/21/13 10 1/22/13 2
10/31/13 8 11/20/13 6 0
11/1/13 10 11/25/13 25 £
11/3/13 6 11/30/13 3 H
11/4/13 2 12/2/13 2 g0
11/5/13 2 12/3/13 17 o
11/6/13 a1 12/4/13 66 g
11/7/13 329 12/5/13 30 S %0
11/8/13 352 12/6/13 8
11/9/13 336 12/7/13 73 100
11/10/13 667 12/8/13 332
11/11/13 1018 12/9/13 267
11/12/13 2517 12/10/13 540 % 0 nn T an e G A
11/13/13 3688 12/11/13 1181
111413 5592 11213 676 a0 Number of simuitaneously selected scenarios
SCENARIQ FREQUENCY | CORRECTNESSRATE
PARED 1965 7
INDEPENDENT-T-TEST 1929 067
631 075

TWO-PROPORTION 1634 071

ONE-PROPORTION 1607 ()

ANOVA 33 056

CHSQUARE-INDEPENDENT 31t 070

CHFSQUARE GOODNESS-OF FIT n 058

CH SQUARE-HOMOGENEITY 3 [}

REGRESSION Fi] [

2

34 s mT 9w
Number of statistical tests selected

Analysis of Usage

On the left is a description of our matching algorithm which
helps remove the selection bias in this observational data.
On the right are four outputs from running this algorithm.
There are 1632 students enrolled and 556 used NTS at
least once. We look at usage for the Exam 2 study period
and Final study period separately and group students in a
period who are above the median usage in that period,
comparing them on exam scores to everyone else.

Matched on gpa +/-0.3

select two mutually exclusive sets of students X, and Y based on treatment
H Participants: 246 where {nts_answers exam2 ge 20)

. Let x,y be students in X,Y and Nx, Ny be the number of Students  yonposimoster 1308 whors (s smmviors ooty 130
h set respectively 392 sigma effect
The simple difference in mean values of an attribute between groups ignores 331 gain,
selection bias, but is given by:
Asimpte = Xaztrivare — Yariraae (position of pink bar in output)
The non-parametric probability of randomly finding this difference for an at- 168 0 168 337 5060

tribute in our sample can be estimated by a stochastic process where {X, Y} is exam2

a combined set and {Q}, {R} are random splits of {X,Y} into subsets of size
Ny, Ny. This defines:

Matched on examl +/- 6
Participants: 245 where (nts_answers_ exam2 ge 20
Non-participants: 1368 where (nts answiers_ exam2 It 20

Arandom = Qatersbute — Rattribute 1) 354 sigma effect

the standard deviation Grandom of 10- (N + Ny) such values of Arangom 301 gain
a reasonable estimate for the width for a normal distribution A" that can
be thought of as an estimate for the probability distribution:

P(Arandom) 2 N (0, Frandom)
In this way the signficance of a difference Arandom oF Asmpte can be estimated
relative t0 0yqngom and the uncertainty in the values of Ayandom OF A yimpie are
estimated by the standard error:

(blue curve in output)
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Now, if a selection bias is observed as a difference in the distribution of an “
attribute known prior to treatment this attribute may be used for matching to
partially remove the selection bias. Thus we define My as all students in Y who
match student x on an attribute to within a threshold T.
My = {y where [auriute — Yauerance] < T} (@) 2Ee ey ames 0w

Using this we can add a new attribute to every member of Y which compares
them to every matching member of X, and similarly for members of X. Watched on exam1 +1-6

Participants: 118 where (nts_answers exami ge 14)
Non-participants: 1495 where [nts ansivers. examy It 14)

Cr = {zauriute — My attrivuce} ) T ogsigmaeied
Cy = {Yastrivute — Mxatiriouce} @ | ongum
Lastly, using this new attribute we define a matched differenced between X and
Y that mitigates selection bias:
(Nx - Cx) [=3)]
Amatched = L (position of green bar in output) ST 5 TR VY
- final

Conclusions

We demonstrate the design of an online study tool which
creates detailed usage logs and then use those logs to
understand the tools adoption and effectiveness among
students. We have found that students who used NTS and
answered more than 20 questions prior to exam 2 did 3.3 / 75
points (~4.4%) better on that exam.
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