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Imagine: You are the teacher in a non-STEM class

e You are teaching a business strategy class

— 30-60 students in class
— Evolving domain (e.g., Will Netflix survive against Walmart, Blockbuster?)
- Many case studies (Amazon: books, groceries, health care, what next?)

e You face 2 challenges:

— how to best help students learn?
— how to best assess students?

e Thesis: appropriately designed computational systems can enable
novel Combined Learning and Assessment Activities



Outline

1.What we do: The approach

2.Why we do it: Scientific basis

3.Proof that it works: Preliminary results
4.Behind the curtain: the “secrete” sauce



Our two challenges lead to two modified challenges

« We face 2 problems:

— how to best help students learn?
— how to best assess students?

« We would like learning activities that support

— Active learning (solving exercises)
— Constructive learning (creating artifacts)

« We like many of them and scale grading



Basic Solution: Students Create & Answer MCQs

Students e (1) Students create challenging
Multiple-Choice Questions
(MCQs)
(1) (2)  (2) Other students answer
Create Answer these MCQs maintaining

continuous interaction and
receiving feedback




3rd Component: Students Improve & Finalize MCQs

Students

(1) (2)

Create Answer

(3)

Improve/
Select

e (3) Students improve MCQs and
select among best alternatives

— And the system
the individual contributions

— resulting in a

Cycle where each step
helps students learn and enables
the other 2 steps



Additional Benefits

Students

(1) (2)

Create Answer

(3)
Improve/
Select

: System calculates
dynamic ranking of students

— giving instructors a continuous signal
(" ") of student participation, and giving
students continuous feedback

— Students getting feedback & constant test
statistics; for motivation

Semi-supervised by instructor: can use

existing test banks to " " the process

Scale: ML techniques
MCQs to verify and focus
limited instructor time for optimal use
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Current Design of Inquizitiv.com

1. Create 2. Answer & Improve 3. Answer & Select

Students individually  Students answer MCQs Students select best
create MCQs and make improvements improvements
+ Instructor seed interaction Anon. Leader board + statistics
Instructor answers (1oowme] - frmeos |
MCQs surfaced by
system, chooses Q
improvements, \ 2 =N
inserts known test
questions, etc. System dynamically determines

best contributors and participation



2 Iterations per guestion

Mondays

Wednesday

Friday

Week 1

1: Create

2: Answer
& Improve

l

3: Answer
& Finalize

revealed

Statistics

Week 2

4: Create

5. Answer
& Improve

l

6: Answer
& Select

Y
2nd cycle
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Tool automatically evaluates the quality of questions

= inquizitiv.com/assignments/10/assignment_result &  Q search
gatt Courses  Logout gatt

T;Z:f;ﬂegttr;t:;‘;;":ft'°" Systems - 70451 The system uses the
Question o S gathered responses to
— oo oo determine the quality of
ouestion 2 oo 053 each MCQ based on ltem
Question 3 056 056 Response Theory and
Question 4 0.49 0.44 algorithms from truth
Question 5 0.49 0.61 d iSCO ve I’y
Question 6 0.47 0.56
Question 7 0.40 0.53
Question 8 0.36 0.56
Question 9 0.33 0.53
Question 10 0.32 0.61
Question 11 0.30 0.58
Question 12 0.30 0.50 13



Some Screenshots



“— C W () # inquizitiv.com/accounts/login/ v © W% ¥y Iin @ @ © °=O

LogIn

Sign In

[E-mail address

Password*

Password

| Remember Me

Forgot Password? m
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“— C W (i) inquizitiv.com/courses/ oo v v N O v 2

gatterbauer  Courses  Logout gatterbauer

Courses you attend:

Course Name Course Number Term Year University Active
C5 inquizitiv demo 123 Summer 2018 Northeastern University True
inquizitiv-test 181112 Fall 2018 Free True
Database design (section 3) 3200 Spring 2019 Northeastern University True

¢ Add Course
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::‘CIS:“I\I‘K:]’[:i Rl:“:l:t Database dGSign (se(:tion 3) 3200 x

&« C (0 inquizitiv.com/courses/18/assignments vee v v oin ® O © ‘:O

gatterbauer  Courses  Logout gatterbauer

Database design (section 3) 3200 S 2019 Northeastern University

Assignment # 1 SQL 1

Our focus for this assignment is SQL.

Tasks Status Due Date

Create Question Available Jan. 14, 2019, 11:59 p.m.
Answer & Improve Unavailable Jan. 16, 2019, 11:59 p.m.
Answer & Select Unavailable Jan. 18, 2019, 11:59 p.m.



— C W (V) inquizitiv.com/assignments/44/create voo %4 v N O v ':O

gatterbauer  Courses  Logout gatterbauer

Create a new question

Stem text*

Iype here the question STEM.

4
Reason text*

Type here general information about this question, e.g., the source of information, or the overall lesson you
want to emphasize.

4
Correct answer
Answer text*
Type here the CORRECT ANSWER.
4

Explanation text*

Explain why this choice is correct.
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Inquizitiv

(V) inquizitiv.com/assignments/44/create

Explanation text*

Explain why this choice is incorrect.

Incorrect answer

Answer text

Type here a DISTRACTOR (incorrect answer).

Explanation text

Explain why this choice is incorrect

Description

Create a challenging MCQ on SQL

A

A

N




1) Students create and answer questions

Question

Which of the following is not a benefit to Netflix in streaming content?

Textbook Chapter 4. The question seeks to emphasize the large amount of benefits,
but also significant disadvantage with the streaming service.

Easier access to customers.

Customers can reach Netflix's content by simply logging on.

It is easy to imitate.

This is the biggest flaw with the streaming service. Competitors can easily replicate a
streaming service if they can purchase the content.

High switching costs.

Netflix stores customers data and preferences, that recommends appropriate shows
and movies, in a silo that other companies do not have access to.

Lower costs.

Eliminating distribution centers and shipping & handling reduced costs for Netflix.

Design decision:
Answer explanations

20



3) Improvment of assessment items

Version 1

Question Stem

Arawer text*

Explanation text*

Reasor

Correct answer

Answer text*

Munict

Explanation text*

SIC
5IC

Incorrect answer

Answer text*

Yenna

Explanation text*

oxplanation

Incorrect answer

Answer text*

London

Improved Version 2

Question Stem

Stem text*

Reason text*

Reason

Correct answer

Answer text*

Bearin

Explanation text*

Incorrect answer

Answer text*

Venna

Explanation text*

explanaton

Incorrect answer

Answer text*

Lendon

The system shows MCQs to students and
asks them to improve the MCQ.
"Improvement" of questions implies making
actual changes to the question parts.
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Selecting best item parts

This is the original version of the question.

Finalize Question

Which of the following is a reason why Big Skinny would use
automated A/B testing?

] Correct: B

to evaluate alternative sponsored-search campaigns
by submitting a variety of ads to a search engine to
see which performed best.

Correct.

in order to keep in touch with existing customers.

X &

Incorrect. This is simply incorrect because it is
the reason Big Skinny used Email Marketing.

to see whether or not people will stop clicking on
display ads because they are accustomed to
irrelevant ads.

Simply incorrect because it is irrelevant/does not
make sense. A/B testing is the marketing
technique that shows different ads to different
users.

X c

to assess which type of social media is more effective
to a set of users.

X D

Simply incorrect. It is a distractor

None of the above.

X -

Simply incorrect.

Please choose from the availalbe question parts those that you think improves this question
the most. (Please reconstruct this question to create the best version possible, given the

following question parts.)

w Why did Big Skinny weuid use
automated A/B testing?

Correct: B

to evaluate alternative sponsored-
search campaigns by submitting a
variety of ads to a search engine
10 sea—which-performed-best
compare performances.

Correct.

Hrofder—tetmepa-togel TO
maintain contact with existing
customers.

Incorrect. This is simply
incorrect because it is the
reason Big Skinny used Email
Marketing.

to see whethersarnet if people will
stop clicking on display ads

b they are accust d to
irrelevant ads.

Simply incorrect because it is
irrelevant/does not make
sense. A/B testing is the
marketing technique that
shows different ads to
different users.

to assess which type of social
media is more effective to o set of
users.

Simply- Incw@: Itis o

distractor

Which of the following is a reason
why Big Skinny would use
automated A/B testing?

Gorreet B

te-=Evaluate alternative
sponsored-search campaigns by
submitting a variety of ads to a
search engine to see which
performed best.

Correct.

in order to keep in touch with
existing customers.

neorrect This is simply
incorrect because it is the
reason Big Skinny used Email
Marketing.

to see whether or not people will
stop clicking on display ads

because they are accustomed to
constantly seeing irrelevant ads.

Simply incorrect because it +s
#retevent! does not make
sense A/B testing is the
marketing technique that
shows different ads to
different users.

in order to keep m—teueh contact
with existing customers.

neerrect This is simply
incorrect because it is the
reason Big Skinny used Email
Marketing.

to see whether or not people will
stop clicking on display ads
because they are accustomed to
irrelevant ads.

Simply incorrect because it is
irrelevant/does not make
sense. A/B testing is the a
marketing technique +5st to
show = different ads to
different users.

The system shows multiple versions of a
MCAQ to student and asks them to select
one version for each of the question
parts, i.e. for the stem, for the correct
answer, and for each incorrect answer.
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4) Selecting

Diffs OFF

Incomect Answer Explanation 2 (Chosen by 3%)

it allows increased utilzation of
data centers.

This Is a true as virtuallzation
changed ufilization from
~15% to around 80%. This
leads to cost savings

E=CT

Incorrect Answer Explanation 2 (Chosen by 3%)

it allows increased utilization of
data centers.

This is a true as virtualization
changed wtilization from
~15% to around 80%. This
leads to cost savings

it allows increasad utiization of
data centers,

Trrough the use of
virtualization, utilzation
Increased from about 15%
1o around 80%., This leads to

large cost savings

it alows increased utilization of
data centers.

Thie-4s-a-trée-asrough the
use of virtualization
ehanged, utiization frem
«increased from about 15%
to around 80%. This leads to

large cost savings

It allows Increased utlization of
data centers,

While VMware Is the leading
company, it is being
challenged by Microsoft,
Dell, etc. As this market
grows, competition
increases.

it allows increased utilization of
data centers.

SWFiE 48 3 e as

It allows for Increased utilization
of data centers,

This Is true.

it alows for increased utilzation
of data centers.

This s atrue-asvirualization
changed utilizatcn from
=1L 10 @IOURT Suth e

laads-to-cost-savings.
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Courses Logout gatt

Management Information Systems 70451 S 2015 CMU

Assignments Students TAs

Assignments

Assignment

Strategy & I1-2

Does IT matter-3

Developping an App for that (or Strategy and IT)-4
Moore's law (or Strategy and IT)-5

Network effects-6

Disruptive Innovation-7

Anything goes (any topic that we have seen in class)-8
Databases and SQL-9

Databasas and SQL-10

Business Analytics and Cloud Computing-11

Internet, Google, Information Security (Chapters 14, 15, 16)-12
Project presentations-13

Homework for Majd-14

Delete Assignment Copy Assignment

Create Deadline

Jan. 21, 2015, 9:30 a.m.
Jan. 26, 2015, 9:30 a.m.
Feb. 2, 2015, 9:30 am.
Feb. 9, 2015, 8:30 a.m.
Feb. 16, 2015, 9:30 a.m.
Feb. 23, 2015, 9:30 a.m.

March 2, 2015, 9:30 a.m.

March 23, 2015, 9:30 a.m.

March 30, 2015, 9:30 a.m.

April 6, 2015, 9:30 a.m.
April 13, 2015, 9:30 a.m.
April 20, 2015, 9:30 a.m.

July 21, 2015, 9:30 a.m.

Faculty interface for calendar

Improve Deadline

Jan, 24, 2015, 11:59 a.m.
Jan, 28, 2015, 8:30 a.m.
Feb. 4, 2015, 9:30 a.m.
Feb. 11, 2015, 9:30 am.
Feb. 18, 2015, 9:30 a.m.
Feb. 25, 2015, 9:30 am.

March 4, 2015, 9:30 am.

March 25, 2015, 9:30 a.m.

April 1, 2015, 8:30 a.m.
April 8, 2015, 8:30 a.m.
April 15, 2015, 9:30 a.m.
April 22, 2015, 9:30 a.m.

July 22, 20185, 9:30 a.m,

Finalize Deadline

Jan. 26, 2015, 9:30 a.m.
Feb. 2, 2015, 8:30 a.m.
Feb. 9, 2015, 9:30 am.
Feb. 16, 2015, 9:30 a.m,
Feb. 23, 2015, 9:30 a.m.

March 2, 2015, 9:30 a.m,

March 16, 2015, 9:30 a.m.

March 30, 2015, 2:30 a.m.

April 6, 2015, 9:30 a.m.

April 13, 2015, 9:30 a.m.
April 20, 2015, 9:30 am.
April 27, 2015, 9:30 a.m.

July 23, 2015, 9:30 a.m.

Acd New Assignment

View Result
View Reasult
View Result
View Rasult
View Result
View Result [
View Result
View Result
View Reasult
View Result
View Reasult
View Result

View Reasult
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Why it should work

scientific justifications



Scientific Justifications for Learning Activities

Students

Scientific Justifications

e (1) Answer:
"Active retrieval practice”

e (2) Create:
"Learning by Explaining"

(2) (1)

Create Answer

(3)

Improve/
Select

e (3) Improve/Select:
Research on Peer Assessment

26



Studying new material: "Under which study condition do

you think you learn better?" _ _
= Active retrieval

passive reading active Q&A
C Metacogrijtive Predictions A Verbatim Questions B Inference Questions
08 } 08 } 08 }
207 | 07 } 0.7 |
£ %
€06} 8 0.6 | ® 06 |
[+ I6 [ =
Sost O 05 I 05
S L _5 0.4 } i 5 0.4
E 03 | §03 | go.s :
So2t a2} o 02t
2
01 } 0.1 } 01 }
0.0 0.0 0.0
Study Repeated Concept Retrieval Study Repeated Concept Retrieval Study Repeated Concept Retrieval
Study Mapping Practice Study Mapping Practice Study Mapping Practice
\ J \ J
| |
Judged performance Actual performance
(=what people think) (=what is actually working)

Source: Karpicke & Blunt, "Retrieval Practice Produces More Learning than Elaborative Studying with Concept Mapping," Science, 2011.
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(1) Active retrieval practice

o "Active retrieval”: answering a question = retrieving information

e Active retrieval practice leads to greater learning gains than the
same amount of time spent studying

e "Use quizzes to re-expose students to information" = strong
recommendation in Institute for Education Science Practice Guide

28



(1) Active retrieval practice

While earlier research found short-answer questions produced
greater learning than MICQs, more recent, classroom-based work
has shown that both question formats enhance test performance

Test questions have a greater impact on learning when they are
accompanied by feedback

Well-constructed MCQs have been shown to have the strongest
predictors of overall student performance compared to other
evaluations (in-class participation, case exams, written assignments)

29



(2) Learning by Explaining

« Making sense of new information by explaining it to oneself
promotes better learning and performance.

« Prompting students to self-explain or providing self-explanation
training similarly leads to enhanced learning.

e "Help students build explanations by asking and answering
guestions" = strong recommendation in IES Practice Guide

30



(2) Learning by Explaining

« Empirical evidence for improvements in comprehension, learning,
and memory by “training students to ask good questions”

e Teaching students to generate questions on the text they have read
resulted in gains in comprehension.

31



(3) Peer Assessment & Scaffolded Learning Experiences

e Peer assessment = learners provide feedback (and assessment) to
each other

e Providing peer assessments have been shown to
. Students who provided elaborate forms of feedback (incl.
free-form comments) performed significantly better on their own
writing than students who provided numerical ratings only

« With technical tools that provide scaffolded peer review students’

and reliable

e« One issue: how to incentivize students to grade "correctly"
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Preliminary results



Natural questions to ask and preliminary results

1. Assessment: How well can it predict ranking in a class?
— Rank in class vs. rank by tool
— Details on algorithms later (keyword "truth discovery")

2. How much do students actually learn?

— Hard to verify: A/B test, dividing students into two groups, what is the @
baseline process; making sure both groups spend same time

3. Do students improve their ability to ask good questions

— Do question scores improve over time?

4. Are the questions contributed by students "interesting"?

— Anecdotal evidence: let's look at some of the questions produced

34



1. Assessment: can we predict class rankings

e Pearson's r (Correlation Coefficient PCC, product-moment CC):
— PCC = 1: perfect correlation, PCC = 0: no correlation

e Class at CMU in 2015, , 223 questions: PCC between
final rankings in class vs. rankings according to our tool*

— Inquizitiv / Final scores: PCC =0.535
e« Comparison: PCC on midterm exam between parts of the exam
- BCQ / MCQ: PCC=0.49
— BCQ / Essay: PCC=0.44
— MCQ / Essay: PCC=0.57

« “Notice: some methodological detail: Final score included 5% class participation, part of
which came from "overall engagement" with the tool
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3. Quality of students guestions: start vs. end of semester

e Tool assigns question scores in [-1,1] for each homework.

-0.5

— Question: do questions become better over time?

Assignment 2: Strategy & IT

Points for the question

o

0.5 1 -0.5

Assignment 7: Disruptive Innovation

Points for the question

o

0.5 1

Average Score = 0.12
n = 34 students
38% (13/34) <0

AVG score = 0.26
n =32 students

16% (5/32) < 0
36



3. Anecdotal evidence: Students improving stems, ...

What are all reasons that VWnat are-allreasonsthat What are all reasenof the main
newcomers to an industry, where rewcomerstoanrddastoy where challenges that newcomers to an
there is a firm with dominant there-is-a firmchallenges do industry; face when entering a
network effects, find entering the newcomers face when entering an market where there is a firm with
market hard? industry with 2 dominant astwork dominant network effectsfing
efscts find enterrg the market enterng the market harg?
Key reasons as to how hard2firm.
newcomers face difficulties o Key reasons as to how
in competing against the Key reasons as to how newcomers face difficulties
firms with dominant network newcomers face difficulties in competing against the
effects. in competing against the firms with dominant network
firms with dominant network effects.
effects.
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... Improving explanations, ...

Correct Answer Explanation 1 (Chosen by 57%)

Lower switching costs Lower switching costs

Wrong. Not mentioned in the Wrong—Noetmenrtionedinthe

book. book: Lowering switching
costs would allow customers
to move freely to other

competitors.

Lower switching costs_for your
product.

Wrong. Net-menticned-in-the
bogA firm would want its

products to have a high

switching cost to build a
network.
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... bringing entirely new perspectives,

Incorrect Answer Explanation 3 (Chosen by 15%)

Touch screen on the Microsoft's
Office was a real problem for the
death of e-readers.

This is true because the
official said that "the real
problem for his colleagues
was the touch screen”.

Office-was-areal problem-forthe
deathof e-readerA predisposition
against touch screen interfaces

that differed from the desktop
interface for Windows.

fficial said that "t |
problem-for-his colleagues
wasthetouch

screen-Executives, including
Bill Gates, wanted to

maintain the look and feel of
Windows. They did not see a

reason to change their
interface when their software

was being used on new
devices.

Touch screen on the Microsoft's
Office was a real problem for the
death of e-readers.

This is true-because-the
Gﬁicial Said tha‘ -tha paa|
problem-for his colleagues
was the touch screen=—, as a
former senior marketing

manager Kurt Massey said
that "“In the 40s, 50s, and
60s, Sears had it nailed. It

was top-notch.”
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..., and even coding assignments

Incorrect Answer Explanation 2 (Chosen by 25%)

SELECT name, population FROM SELECT name, population FROM
states WHERE name = "A%" states WHERE name = "A%"
Simply incorrect Simply-incorrectThe '%'

wildcard is not defined for
equality '=' operations.
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Behind the curtain



Computational "truth discovery" in social data

Sources Claims Given: ¢ Various interactions
of students

with questions
(create, answer,
improve, ...)

Veracity of
claims

of sources

[Trustworthiness

Goal: ¢ rank students by
mastery of subject

e Existing work in Item Response Theory is
e.g., [AAAI'13 tutorial] not transparent and does not scale ®

« We: Axiomatic approach combined with
iterative updates. Discrete solution with
new hardness results. Continuous
solution with linear scalability

. JRG [WALCOM'17]
Students Questions (invited to Theory of Computer Science'l8)




Interesting Challenges from CS point-of-view

e "Truth discovery"

— Developing fast reliable algorithms for ranking

— Understanding some iterative algorithm (understanding convergence, solid
comparison to max likelihood solution, place into related work)

e Data set versioning

— Building a scalable "Question Management System" (QMS)

- How to store, index, search, compare 1) sets (different units) of 2) versions
(evolving) of 3) MCQs (itself with some structure)

e Others:
— ML-type "active learning": make best use of instructor time
- Adaptive assignment of exercises
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Toke-away points
&
Taoke-away questions



Food for thought: virtuous learning cycles

Example of computational approach that: Students

e sequences learning activities s.t.

— (i) each promotes learning, and
— (ii) they mutually support each other

 aligns the incentives of students to perform (1) (2)
well on each task with goal for assessment Create  Answer

e creates an "instructor cockpit" to observe
students engage in a structured discussion on (3)

the class material and the high-level ‘ Improve/ '
misunderstandings "flagged" for the instructor Select

Question:
« How else can we design such tools? Thank you ©
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