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Motivation

« Overall, transitioning to university in the UK can be an exciting but challenging time. Universities typically offer
support services such as academic skills workshops, counselling, student finance advice, and social programs to
help ease this transition: Mathematics/Statistics Inductions, Mathematics Help-Desk etc..

« Student Retention: A smooth transition reduces dropout rates, ensuring students stay enrolled and progress
through their studies.

« Academic Success: Helping students adapt early improves academic performance, leading to higher grades and
overall student satisfaction.

« Student Well-being: Supporting the transition helps to reduce stress, anxiety, and homesickness, contributing to
better mental health and well-being.

« Institutional Reputation: Positive student experiences during the transition reflect well on the university,
enhancing its reputation and ability to attract future students.

« Engagement and Belonging: A successful transition fosters a sense of belonging, encouraging students to
engage with the university community, clubs, societies, and academic networks,

« Graduate Outcomes: Early support helps students focus on long-term goals like career planning and
employability, improving graduate prospects and employment rates
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Motivation

« Transition to Academic rigor (maths/stats)

« 20-30% experience personal difficulties

« Social Science students, lack of motivation and passion for mathematics/statistics
« /5% of students express some degree of mathematics anxiety (30% substantial)

« Original context, Covid-19 Pandemic
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370 * The mean value of $w$ is given by

« Our Approach: We developed ILDs based on Shiny Apps

* The variance of $w$ is given by

37

373 These formulas can be utilized to develop computer-based computations that can
be used with a large data set of stock prices or other measures of
performance.

EY
375 <span style=" color:green">**Exercise 1 /span>
376 Investment A has an expected return of th a standard deviation of 2.5%.
Investment B has an expected return of th a standard deviation of 1.2%.
Assume you invest equally in both investments and that the rates of return are
independent.
.u. v

answer ("6%
incorrect
allow_retry
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ILDs Apps

: GG @ 127001
« Computer Interface Interactive Learning  Introduction
ACtIVIty 5 In this interactive learning activity we will discuss continuous random variables (CRVs) and probability distributions. After completing this ILA you
will be familiar with

Introduction 1. Notation and expectations of CRVs
2. The Uniform Distribution

Continuous Random Variables 3. The Normal Distribution and Approximations
4. The Exponential Distribution

The Uniform Distribution 5. Properties of Jointly Distributed Continuous Random Variables
6. Applications

The Normal Distribution
Appreximations
The Exponential Distribution

Jointly Distributed CRVs

Applications
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ILDs Apps

Mobile Phone Interface

@ stiefenhofer.shinyapps.io

Interactive Learning
Activity 5

Continuous Random
Variables

The Cummulative Density
Function(CDF)

Definition: The cumulative distribution function
(CDF) for a continuous random variable X is defined
as

F(x)=P(X <x). forallx e R. (CDF)

Exercise 1: Consider the CDF given by

0. forx<0
i =, for0<x<1
F(x) =4 - .

2x—*—1, forl <x<2

I forx> 2.

Consider the COF given above. Calculate
P(X £ 1.5)

© 0.975
1.025
0.750

0.875

@
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Properties of ILDs

« Organizing Learning Material
*  Lecture Material, Definitions, Theorems, Examples

« Engaging with Learning Material through Interactive
Learning

i i This ILA is based on the lecture material bellow. The slides are from ” Statistics for Business and Economics™, by Newbold P, Carison W and
nieracitive Learning
P Thorne B.,ninth Global Edition, Pearson 2020 Chapter 5.
Activity 5

« Dynamic Interactions

Introduction the mean of 100.

original units () or in standardized units (Z)

Continuous Random Variables

e Quizzes

S o Probability as
The Uniform Distribution Finding Normal Probabilities Area Under th)::; Curve

[a-] b—
Pla<X<b) =PLJ<Z< J] The total area under the curve is 1.0, and the curve is
g = symmetric, so half is above the mean, half is below

. by} fa—p
* Coding ' e || .
odin Approximations e | X
The Exponential Distribution
x

° Reproducing Oown Learning Problems Jointly Distributed CRVs bz 4 :

The Normal Distribution

P(—o<X<x)=1.0

Applications

° Solved PrObl.emS (Video Solutions) I Appendix Table 1 The Standard Normal Table

= The Standard Normal Distribution table in the
textbook (Appendix Table 1) shows values of = Appendix Table 1 gives the probability F(a) for
the cumulative normal distribution function any value a

« Chatbot support (in progress) g et A

Fla)-P(Z<a)

o a F4




Properties of ILDs

« Organizing Learning Material
 Lecture Material, Definitions, Theorems,
 Exercises

« Engaging with Learning Material through Interactive
Learning

« Dynamic Interactions

* Quizzes

« Coding

* Reproducing own Learning Problems
« Solved Problems (Video Solutions)

« Chatbot support (in progress)

Interactive Learning
Activity 5

Introduction

Continuous Random Variables
The Uniform Distribution

The Normal Distribution
Approximations

The Exponential Distribution
Jointly Distributed CRVs

Applications
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Definition: If X is a continuous random variable and the value of its probability density function (PDF) at ¢ is f(f). then the cumulative
distribution function (CDF) of X is given by

00
ﬂm=mxiﬂ=f F{thdt for —ca <z < 00, (CDF)
o0
Theorem 2: If f(x) and F'(x) are the values of the pdf and cdf of X at z. then

P(a < X <b) = F(b) — F(a)

for any real constants @ and b with @ < b, and

f@) = %@,

where the derivatives exists

Exercise 4: Find the cumulative distribution function of the random variable X, given the probability distribution function in problem 1 and use it
to re-calculate P(0.5 < X < 1).

forx <0

{ —e ¥ forx>0.
5< X £ 1) we apply above theorem. This yields

P05 X £ 1) =F(1)— F(0.5)
=1-e?_1—¢!5
=0173

which is identical to the result obtained in prablem 1. Moreaver, we show that for F(x) =1 — =3

dF(x] e X
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Properties of ILDs

« Organizing Learning Material
Interactive Learning

« Lecture Material, Definitions, Theorems, Activity 5 £ . . . Normal Distrbetion
Introduction 2 0 =

i EX@ I'C i ses Continuous Random Variables s;“d"'d deviation
The Uniform Distribution L. o

« Engaging with Learning Material through Interactive  menemaosme
Lea rn i ng Approximations e

The Exponential Distribution P(X<aorX>b) g |

° Dyna m i C I nte ractio ns Jointly Distributed CRV's It Arex: 3 2 R 0 1 2 3
Applications Both Talls hd

. > P(X<-1.230r X>0.8) = 0.321
 Quizzes a .
« Coding ] -

* Reproducing own Learning Problems

 Solved Problems (Video Solutions)

« Chatbot support (in progress)




Properties of ILDs

« Organizing Learning Material Interactive Learning
Activity &
e Lecture Material, Definitions, Theorems,

Continuous Random Variables

The Uniform Distribution

e Exercises

The Normal Distribution

Approximations

« Engaging with Learning Material through Interactive . . . ..o
I_ea rn i n g Jointly Distributed CRVs
Applications
« Dynamic Interactions
* Quizzes
« Coding
* Reproducing own Learning Problems

 Solved Problems (Video Solutions)

« Chatbot support (in progress)
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Continuous Random Variables
The Cummulative Density Function(CDF)

Definition: The cumulative distribution function (CDF) for & continuous random variable X is defined as

F(z) = P(X < z), forallz € R. (CDF)
Exercise 1: Consider the CDF given by
0, forx <0
forO0<z <1
B e (Ex1)
2.1:7""771, fori<z<2
1; forz > 2.

Consider the CDF given above. Calculate P(X < 1.5)
0.975
0.750
0.875

Incomect. P(X < 1.5) = F(1.5/-0875

Calculate F'(2)
(oK

Q05

) no solution
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Properties of ILDs

« Organizing Learning Material

H H H i i Exercise 5: Provide a sketch of the PDF, f(z), and CDF, F(x) given above in exercises 3 and 4. Check your solutiens using the R code provided
« |ecture Material, Definitions, Theorems, Interactive Learning  Bemise s o &
Activity 5
Code | & Start Over m
° EXe rcises |ﬂt[OdUCtiDﬂ 1 & Scroll d t th code

Continuous Random Variables

The Uniform Distribution

« Engaging with Learning Material through Interactive o e S

RN RV RS
L 3]

I_ea rn I n g Approximations 15
14
The Exponential Distribution = =
. H . Code | Start Over [ > Run Code |
* Dynamic Interactions 5 st o 50 o it

Applications

LR T S
I

* Quizzes
« Coding i :
* Reproducing own Learning Problems

 Solved Problems (Video Solutions)

« Chatbot support (in progress)
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Properties of ILDs

Interactive Learning Exercise 9: The height of UK men is normally distributed with mean 173 cm and standard deviation 6cm. Calculate
Activity 5 P(168.5 < height < 177.5) and sketch a graph. Use the provided R code in the box below to check your result.

« Organizing Learning Material o

Introduction 40§ scroll down to see the code n
H
H
Continuous Random Variables 4 '
s
.
' vyt The Uniform Distribution ;
* Lecture Material, Definitions, Theorems :
s
! ! ! The Normal Distribution 10
1
©
Approximations 13
b i
. The Exponential Distribution =P n
e Exercises
ppplicatons Distribution of Men's Heights in the UK

p(168.5 < height < 177.5 ) = 0.547

« Engaging with Learning Material through Interactive
Learning

T T T T T T T T
149 155 161 167 173 179 185 191 197

« Dynamic Interactions

Interactive Learning Exercise 9: The height of UK men is normally distributed with mean 173 cm and standard deviation 6cm. Calculate

.
i P(168.5 < height < 177.5) and sketch a graph. Use the provided R code in the box below to check your resutt
 Quizzes Activity 5 T ol i v

Code |2 start Over > run Coce |
Introduction 18 # Men's heights are normally

ed with a population mean of 173 cm w
19 # and a population standard d

n of & cn

Continuous Random Variables 21 population_mean <- 173
= 22 population_sa <
° 23 sd_to_fill <- 0.75
The Uniform Distribution 24 lower_bound <- population mean - population_sd * sd_to_fill
25 upper_bound <- population_mean + population_sd * sd_to_fill
2
The Normal Distribution 27 # Generates equally spaced values within 4 standard deviations of the mean

28 % Tnis is used ©o comect the points on the curve o She more points fhe becter
29 x <- seq(-4, 4, length - 1000) * population_sd + population mean
Approximations o e i 2%

30
31 # Returns the height of the prol a
32 v <- dnorm(x, population mean. population sd)

* Reproducing own Learning Problems B

Jointly Distributed CRVs

ibution at each of those points <
iy

Distribution of Men's Heights in the UK
p( 168.5 < height < 177.5 ) = 0.547

Applications

 Solved Problems (Video Solutions)

« Chatbot support (in progress) = =

149 155 161 167 173 179 185 191 197

Height in cm




Properties of ILDs

« Organizing Learning Material
 Lecture Material, Definitions, Theorems,
 Exercises, Problems, Data Sets

« Engaging with Learning Material through Interactive
Learning

« Dynamic Interactions

* Quizzes

« Coding

* Reproducing own Learning Problems

« Solved Problems (Video Solutions)

« Chatbot support (in progress)

Interactive Learning
Activity 5

Introduction

Continuous Random Variables
The Uniform Distribution

The Normal Distribution
Approximations

The Exponential Distribution
Jointly Distributed CRVs
Applications

Stan Over
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em 2: Itis known that amounts of money spent on baby prep and first year of life (FYOL) costs by new parents in the UK in their first year
follows a normal distribution with a mean of £5500 and a standard deviation of £2300

A. What is the possibility that a randomly chesen parent will spend less than £7000 on baby prep/ FYOL costs?

B. what is the probability that a randomly chosen parent will spend more than £63000n baby prep/ FYOL costs?

C. What percentage of parents will spend between £4200 and £6300 on baby prep/ FYOL costs?

D. For the yearly spend on baby prep/ FYCL costs by new parents find the cut off point for the top 10% of all yearly spends

The cumulative distribution function, F(z), of the standard normal distribution values needed for these questions are provided in the table below:

Z 0 0.01 0.02 0.02 0.04 0.05 0.08 0.07 0.08 0.09

P
06517 I

06879

03 06179 06217 06255 06293 06331 06368 06406 06443 06480

04 06554 06591 06628 06664 06700 06736 06772 06808 06844

05 06915 06950 06985 0.7019 07054 07088 07123 07157 07190 07224

06 07257 07291 07324 07357 07389 07422 07454 07486 07517 07549 «
4 »

standard normal distribution table
To oot Josa lam oo |om 608 |87 laos |nos
53 Bewe Deu7 oemE GENR O3 WS 0M6 R} DM OS

04 Dass 0591 D668 066 736 06772 0SS 00884 0.6ATS
05 0AIS 08050 oSS O 07120 08T 71 074
06 o omm o7am o7 3 0S4 086 01517 O7E8
07 o7 o%en vz 076 4 0774 07794 082 07wS2

as e amm o omes mens own (s o e

LT 04159 08186 08212 08238 08264 08789 08315 0830 08365 089

24w o uwm osmis ose ossw o osm osw oo

25 owmi o s o o o o osWs ow o

S3 o oo 0w oome omme mss owas owes nows noms

33 oasms oo osoms omc osems osse Goos asess oasss s
Solution
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The Student Experience

« We conducted a survey with 32 stage 1 students from a cohort of 205

* Introductory Statistics Module ECO1007/2009 delivered at NUBS to
economics students

« Students were provided with prototype ILD’s designed to support
Homework under Remote Emergency Teaching/Learning

« Each ILD is based on a Lecture which was delivered via video

« |n addition to video lectures, students attended seminars, and workshops
delivered via zoom

« Students report on their “gender’, “self-assessed mathematics entry level’,
and “time spend on learning with the apps”. They were asked to assess the
ILDs and to compare them to their "usual” homework type
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The Student Experience

Q 4: What sentences describe your experience with the Interactive Learning App?

g4 lIts easy to usel

gb: [l feel engaged with my homework]
q6: [It's fun to usel

q7. [It's visually appealing]

q8: [It's easy to navigatel

What sentences describe your experience with the Interactive Learning App?
A B C D E

30

30 30 1

count
count
count

10 10

101

. 5 |
‘r’és NIU ‘r’és Nln ‘r’é 5 Nln ‘r’és Nln ‘r’és
q4 ga g6 qf g8




The Student Experience

Q 5. Comment on the features of the Interactive Learning App
(Recall that the App is expected to replace weekly homework

activities and not substitute lectures/ tutorials/seminars).
q9: [Recall of definitions and results in compact form]
qlO: [Short questions to check understanding of definitions]
qll: [Solutions to multiple choice questions]
ql2: [Using pre-written R code to check solutions]
ql3: [Embedded pdf files with detailed worked out examples]

ql4: lInteractive Dynamic Visualizations where | can choose
parameters|

ql5: [Applications with video solutions]

ql6: [Code boxes (where | can use existing code or write own
code)l

ql7: [Pre-written code that generates graphs and solutions to
problems]

A

15

count
N
=

20

15

count
o
[=]

(=1 wn

=1 tn
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Comment on the features of the Interactive Learning App: q9-q11

(o4

count

o

m

o4 -I.

20

count

indifferent like it like itvery much
qd

indifferent like it like itvery much
qll

indifferent like it like itvery much
qli

Comment on the features of the Interactive Learning App: q12-q14
E

F

201

151

101

| e
o —

25

204

= 454

o
3
o
(&)

5

0

104

indifferent like it like it very much
q12

indifferent like it like itvery much
q13

indifferent likeit like itvery much
ql4

Comment on the features of the Interactive Learning App: q15-q17

20

count

indifferent like it like it very much

ql5

donotlike indifferent  like it like itvery much

ql6

indifferent like it like it very much

ql7?
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The Student Experience

Q 7. Compared to this year's homework activity what is the

expected effect of learning with Interactive Learning Apps on the
following: q21-g26

q21: [ will like statistics]

q22: [l will feel insecure when | have to do statistics problems]
q23: [l will get frustrated going over statistics tests in class]
q24: [l will enjoy taking statistics courses]

q25: [I'm scared by statistics]

q26: [l will be under stress during statistics class]

SATS-36 Survey: Students' feelings concerning statistics

A B C
4—!15- -t -
S 101 510- 510-
g 51 [ ] g 51 8 51
pE——r—— == : [ ] 0- : - o —
-2 0 2

-2 0 2 -2 0

q21 q22 q23
D E F
£ 15] £ 151 2]
3 101 =ELE 5 101
6 51 o 51 2 51 .
04 R ————— | [ | 04 _- e I 04 - [R—
-2 0 2 -3 -2 -1 0 1 -2 0 2
q24 q25 q26




The Student Experience

Q 8. All questions are to be compared to this year's
homework activity (quizzes without solutions, group
chat room)

q27: [l prefer Interactive Learning Apps (ILDs) to
the existing homework typel

q28: [Learning with ILDs improves my confidencel

q29: [ILDs help me better prepare for exams]

q30: [l learn more effectively with ILDs]

q31: [ILDs better help understand difficult statistics
concepts]

q32: [ILDs provide more variation in learningl

q33: [ILDs are more effective for exam revision]

q34: [ILDs increase my learning motivation]

Newcastle | Business

%University School

Strongly Agree Indifferent Disagree Strongly
Agree Disagree
q27 | 14 (44%) 15 (47%) 1(3%) 2 (6%)
q28 12 (38%) 16 (50%) 3 (9%) 1(3%)
q29 | 5(16%) 23 (72%) 4 (13%)
q30 | 5(16%) 16 (50%) 10 (31%) 1 (3%)
31 | 5(16%) 23 (72%) 4 (13%)
q32 | 23(72%) 8(25%) 1 (3%)
q33 | 14 (44%) 14 (44%) 3 (9%) 1(3%)
q34 | 5(16%)  19(59%) 6(19%)  1(3%)  1(3%)




%Newcasﬂe Business
University | School

Some Further Analysis

Do ILD’s help students reduce statistics anxiety?
Hypothesis: The mean of "Reduction of Statistics Anxiety” is equal to 3

« Cronbach’s alpha: 99.17% Table 1: Reduction of statistic anxiety
« Overall Satisfaction Rate: 76.88% 1 2 3 4 5| Total | Mean | Variance f;zt';mfacnon es::(l:;iard
« Overall mean: 2.02 with variance 0.79 421 18 9 1 2 2 32 1.78 1.36 84.38% 0.21
@22 |14 12 4 0 2 32| 188 1.11 81.25% 0.19
« K-S:D=0.23417, p-value=0.059882 q23 3 14 14 0 1 32| 244 0.62 53.13% 0.14
o @4 |22 4 2 1 3 32| 172]  1.64 81.25% 0.23
 Data normally distributed q25 § 19 2 3 0 32| 200| 069 84.38% 0.15
q26 4 11 16 0 1 32| 247|  0.69 46.88% 0.15
© t=-11447.df - 31 p-value = 1155e-12 e | 12 16 3 1 o 32| 178] 055 87.50% 0.13
. Reject Null Hypothesis q29 5 23 4 0 0 320 197 028 87.50% 0.09
q31 5 23 4 0 0 32| 197] 028 87.50% 0.09
« Cl95%(1.844, 2.1935) Q34 5 19 6 1 1 32| 219 0.71 75.00% 0.15
Total | 96 150 56 8 10 7.92 76.88%
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Some Further Analysis

Do ILD's help students better manage large and complex quantities of learning material?
Hypothesis: The mean of "OrgInf” is equal to 3

Table 2: Organization of learning context

° CronbaCh’S al-pha: 9919% 1 2 3 4 5] Total Mean Variance Statisfaction rate Standard error
° H H . O
Overall Satisfaction Rate: 87.5% © (19 12 1 00 32 .44 031 96.88% 0.10
 Overall mean: 1.8 with variance 0.44
qo [11 18 3 o0 o 32 1.75 0.38 90.63% 0.11
« K-5:D=0.21923, p-value=0.09229 qit |4 26 2 o0 of 32 1.94 0.18 93.75% 0.08
« Data is hormally distributed @7 |14 15 1 2 0| 32 1.72 0.64 90.63% 0.14
- t=-15.864, df = 31 p-value = 2.2e-16 30 |5 16 10 1 of 32 2.22 0.55 65.63% 0.13
* Reject Null Hypothesis
33 (14 14 3 1 o 32 1.72 0.58 87.50% 0.13

« 95% Cl (1.6422,1,9515)

Total [ 67 101 20 4 O 2.63 87.50%
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Some Further Analysis

Do ILD's help provide sufficient dynamic interactions for active learning?
Hypothesis: The mean of "DynintLe” is equal to 3

° 1 . o) . .
Cronbach's al_pha. 83.04% 1 5 3 4 5 Tot Mean Variance Statisfaction Standard
al rate error
° H H . o
Overall Satisfaction Rate: 87.5% q12 3 22 7 0 of 32 2.13 0.30 78.13% 0.10
« Overall mean: 1.82 with variance 0.32 ql3 23 7 2 0 01 32 134 0.35 93.75% 0.10
ql4 24 5 3 0 ol 32 1.34 0.41 90.63% 0.11
« K-5:D=0.21011, p-value=0.1185 ql5 2 27 3 0 of 32 2.03 0.16 90.63% 0.07
. Data is normally distributed ql6 1 15 14 2 o 32 2.53 0.44 50.00% 0.12
ql7 4 22 6 0 o 32 2.06 0.31 81.25% 0.10
« t=-17508, df = 31, p-value = 2.2e-16 q32 23 8 0 o] 32| 131 0.28 96.88% 0.09
Total 80 106 36 2 0 2.24 83.04%

* Reject Null Hypothesis
« 95% CI (16846, 1,9591)
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Future Developments

« Compassionate Language in Chatbots

» Course Support Chatbots

chatbot

2. Emotion Detection
(Classification)

1. Emotion expression &

' v ® = happy?
- 3. Response Generation

user @
A

= adequate?

4. Response expression | )

Figure: The 4 Stages of Empathy (Spring et al 2019)
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Thank You
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