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Students Increasingly Want a Breadth of Course Materials
* Videos, online simulations, online formative assessment

« It is becoming more and more difficult to effectively educate engineering students
by writing on a white board.
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Students Increasingly Want a Breadth of Course Materials
* Videos, online simulations, online formative assessment

« It is becoming more and more difficult to effectively educate engineering students
by writing on a white board.

Supplementary e-Learning Materials Give Options
* Fully Online Course Delivery
* Flipped Course for Active Learning
« Supplementary Multi-Mode Course Materials to Support Students

4‘5 Course Structure for Digital Logic 3
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This Project

This Project Looks at a Digital Logic Circuits Course
 Traditional digital circuits (AND/OR gates, Finite State Machines, VHDL/Verilog)

* Present in every EE/CpE Program
* No Calculus pre-req (i.e., large class sizes, wide ranging capabilities of students)
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A test bench is created to drive in all possible binary codes into the system to t
functionality. The input codes (ABC_TB) and the DUT output (F_TB) will be writ
xternal file called “output_file. txt"
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The Research Questions

« R1: Can a fully online version of this course(s) achieve the same level of student
learning as a traditional live-taught version?
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The Research Questions

« R1: Can a fully online version of this course(s) achieve the same level of student
learning as a traditional live-taught version?

« R2: Can the laboratory component be effectively administered using a portable
lab kit? (i.e., cost, logistics, student support).
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The Research Questions

« R1: Can a fully online version of this course(s) achieve the same level of student
learning as a traditional live-taught version?

« R2: Can the laboratory component be effectively administered using a portable
lab kit? (i.e., cost, logistics, student support).

« R3: Can adaptive e-learning modules aid student learning on more complex
topics without instructor interaction?
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If the online version can be as effective, it enables:

Remote Delivery May
Improve Access

Personalized Learning

Increased Efficiency

@ Course Structure for Digital Logic 8
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When comparing two delivery modes, it starts with assessment

« The existing live-taught logic course(s) were assessed in the historical manner

o Hand worked homework problems out of the textbook (sometimes the same questions,
sometimes different each semester)

Exams with questions made-up each semester by the instructor.

o Lab exercises with a combination of demo-points and sometimes design journal grading
(no rubric, just best guess grading by the TA).

GL ’ @@@Eé&J

I MEASURE o \
——ANALYSIS

AS SES S M EN T EVALUATION
RESULT puﬁbwm
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When comparing two delivery modes, it starts with assessment

« The existing live-taught logic course(s) were assessed in the historical manner

o Hand worked homework problems out of the textbook (sometimes the same questions,
sometimes different each semester)

Exams with questions made-up each semester by the instructor.

o Lab exercises with a combination of demo-points and sometimes design journal grading
(no rubric, just best guess grading by the TA).

GL ’ @@@Eé&J

I MEASURE o \
——ANALYSIS

AS SES S M EN T EVALUATION
RESULT puﬁbwm

« Assessment tools were created that could be used in both live and online modes.
o Not that big of a deal with learning management systems capability.
o Multiple-choice quizzes & simulation waveforms...
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First, the learning outcomes needed to be specified

It also is necessary to think about the learning level to inform the
type of assessment used

N Learning Activity Assessment

EVALUATION Des!gn-_of-exper.lments;
/ Design journals;

Giving presentations

_S4NTHESiS\_ _> Doing design problems;

Giving presentations

~ ANALYSIS Homework
L Papers .
m __* Solving homework problems; Presentations
Conducting lab experiments Exams
y- i\ Labs
4 COMPREHENSION * Writing assignments;
- Discussions

Reading assignments

Course Structure for Digital Logic 1
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Learning Objectives
» General statement about type of content that will be learned.
* A book chapter is an example.
* When adding multi-mode material, it becomes a module.

Module Topic Learning Objective

Module 1: Analog vs. Digital To understand the basic principles of analog and digital systems.

Module 2: Number Systems To understand the basic principles of binary number systems.

Module 3: Digital Circuits & Interfacing |To understand the basic electrical operation of digital circuits.

Module 4: Combinational Logic To understand the basic principles of combinational logic design.

Module 5: VHDL (part 1) To understand the basic principles of hardware description languages.
Module 6: MSI Logic To understand the basic principles of medium scale integrated circuit logic.
Module 7: Sequential Logic To understand the basic operation of sequential logic circuits.

Module 8: VHDL (part 2) To understand the full capability of hardware description languages.

To understand how hardware description languages can be used to create

Module 9: Behavioral Modelin
g behavioral models of synchronous digital systems.

Module 10: Semiconductor Memory To understand the basic principles of semiconductor-based memory
Module 11: Programmable Logic To understand the basic principles of programmable logic devices.
Module 12: Arithmetic Circuits To understand the basic principles of binary arithmetic circuits.
Module 13: Computer Systems To understand the basic principles of a computer system.

4} Course Structure for Digital Logic 12
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Then Outcomes are Stated, with the Level of Learning
« Something specific that the .

6
5
ANALYSIS a4
3
2
1

student can do after —

COMPREHENSION

completing the section. A
° N eed S to be measura b I e. Learning Objective Learning Outcome Learning Category

The overall learning goal of this module is to: = After completing this lab, a student will be able to: 1 2 3 4 5 6

Module 1: To understand the basic
principles of analog and digital
systems.

L1.1(a): Breadboard a simple LED-Resistor circuit.

L1.1(b): Use an AWG to output a signal with a specified type,
amplitude, offset, and frequency.

L1.1(c): Use an oscilloscope to display a waveform on the
screen.

L1.1(d): Describe the on/off behavior of a digital signal.

L1.1(e): Describe the impact that increasing the frequency has
on a digital signal.

Module 2: To understand the basic | 2.1: Describe the formation and use of positional number
principles of binary number systems.

systems.

2.2: Convert numbers between different bases.

2.3: Perform binary addition and subtraction by hand.

2.4: Use two's complement numbers to represent negative

numbers.
Module 3: To understand the basic | 3.1: Describe the functional operation of a basic logic gate using "
electrical operation of digital truth tables, logic expressions, and logic waveforms.

circuits. 3.2: Analyze the DC and AC behavior of a digital circuit to verify it|

is operating within specification.

3.3: Describe the meaning of a logic family and the operation of
the most common technologies used today.

3.4: Determine the operating conditions of a logic circuit when
driving various types of loads.

4‘5 Course Structure for Digital Logic 13
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Module 4: To understand the basic | 4.1: Describe the fundamental principles and theorems of

O u tco m es co nt I principles of combinational logic Boolean algebra and how to use them to manipulate logic

design. expressions.

4.2: Analyze a combinational logic circuit to determine its logic
expression, truth table, and timing information.

4.3: Synthesis a logic circuit in canonical form (Sum of Products
or Product of Sums) from a functional description including a
truth table, minterm list, or maxterm list.

4.4: Synthesize a logic circuit in minimized form (Sum of
Products or Product of Sums) through algebraic manipulation or
with a Karnaugh map.

4.5: Describe the causes of timing hazards in digital logic circuits

and the approaches to mitigate them. X
Module 5: To understand the basic | 5.1: Describe the role of hardware description languages in
principles of hardware description modern digital design. X
languages. 5.2: Describe the fundamentals of design abstraction in modern "

digital design.

5.3: Describe the modern digital design flow based on hardware "

description languages.

5.4: Describe the fundamental constructs of VHDL.

5.5: Design a VHDL model for a combinational logic circuit using
concurrent modeling techniques (signal assignments and logical
operators, conditional signal assignments, and selected signal
assignments).

5.6: Design a VHDL model for a combinational logic circuit using
a structural design approach.

5.7: Describe the role of a VHDL test bench.

Module 6: To understand the basic [ 6.1: Design a decoder circuit using both the classical digital

principles of medium scale design approach and the modern HDL-based approach.
integrated circuit logic.

6.2: Design an encoder circuit using both the classical digital
design approach and the modern HDL-based approach.

6.3: Design a multiplexer circuit using both the classical digital
design approach and the modern HDL-based approach.

6.4: Design a demultiplexer circuit using both the classical digital
design approach and the modern HDL-based approach.

Course Structure for Digital Logic 14
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Module 7: To understand the basic | 7.1: Describe the operation of a sequential logic storage device.

O u tco m es co nt . operation of sequential logic 7.2: Describe sequential logic timing considerations.

circuits. 7.3: Design a variety of common circuits based on sequential
storage devices (toggle flops, ripple counters, switch
debouncers, and shift registers).

7.4: Design a finite state machine using the classical digital
design approach.

7.5: Design a counter using the classical digital design approach
and using an HDL-based, structural approach.

7.6: Describe the finite state machine reset condition.

7.7: Analyze a finite state machine to determine its functional
operation and maximum clock frequency.

Module 8: To understand the full 8.1: Describe the behavior of a VHDL process and how it is used
capability of hardware description | to model sequential logic circuits.
languages.

8.2: Model combinational logic circuits using a process and
conditional programming constructs.

8.3: Describe how and why signal attributes are used in VHDL
models.

8.4: Design a finite state machine using the classical digital
design approach.

8.5: Describe the capabilities provided by the most common

VHDL packages.
Module 9: To understand how 9.1: Design a VHDL behavioral model for a sequential logic
hardware description languages storage device.
can be used to create behavioral 9.2: Describe the process for creating a VHDL behavioral model "
models of synchronous digital for a finite state machine.
systems. 9.3: Design a VHDL behavioral model for a finite state machine.
9.4: Design a VHDL behavioral model for a counter.
9.5: Design a VHDL register transfer level (RTL) model of a
synchronous digital system.
Module 10: To understand the 10.1: Describe the basic architecture and terminology for
basic principles of semiconductor- semiconductor-based memory systems. X
based memory systems. 10.2: Describe the basic architecture of non-volatile memory "
systems.
IU.57 DESTTTOE TNE UdSTC arcnitectture O1 VOIatne TIemiory .

&

10.4: Design a VHDL behavioral model of a memory system.

Course Structure for Digital Logic 15
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Outcomes cont...

Module 11: To understand the 11.1: Describe the basic architecture and evolution of
basic principles of programmable programmable logic devices. X
logic devices. 11.2: Describe the basic architecture of Field Programmable
Gate Arrays (FPGAs). X
Module 12: To understand the 12.1: Design a binary adder using both the classical digital design
basic principles of binary arithmetic| approach and the modern HDL-based approach.
circuits. 12.2: Design a binary subtractor using both the classical digital
design approach and the modern HDL-based approach.
12.3: Design a binary multiplier using both the classical digital
design approach and the modern HDL-based approach.
12.4: Design a binary divider using both the classical digital
design approach and the modern HDL-based approach.
Module 13: To understand the 13.1: Describe the basic components and operation of computer
basic principles of a computer hardware. X
system. 13.2: Describe the basic components and operation of computer x
software.

» 58 Learning Outcomes Defined

4‘5 Course Structure for Digital Logic 16
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Assessment Tools

Over 1000 assessment tools were developed

. .
* i.e., homework/quiz/exam
- ") - - & Module 8 - VHDL (part 2) ~
H Intro To Logic Circuits - EELE_261_801_201630
p ro e I I I S + a eXe rCI SeS . Calendar Content Discussions Dropbox Grades Quizzes Course Resources » HW 8.2 - Conditional Programming Constructs
e >
Est. Longth: 166:39.00 LaMores StudentView: Atiompt 1 Problem 8.2.1
[ ] M ‘ fo rl I l at + . x Design a VHDL model to implement the behavior described by the 4-input truth table shown
below. Use a process and an ifithen statement Use std_logic and std_logic_vector types
VHDL design/simulati +

g dod, gve the mirumal sum of prodcts (SOP)logic expression by explofing for your signals. We haven't covered these types yet, but for this assignment just assume they
g don't cares’ act the same as bit and bit_vector. You will need to include the "std_logic_1164" library at the
top of your design. See the test bench for the syntax to do this. Simply copy the top two lines
from the test bench into your design. Declare the entity to match the block diagram provided.

Hint: Notice that there are far more input codes producing F=0 than producing F=1. Can you
AB & . & use this to your advantage to make your VHDL model simpler?
Page 2 00 01 11 10
concept checks o] Toofo
. o1|1[x|x]|o ‘ g g g ? ? Capital
e 11 x[x
Ld < 8 8 : ? ? Systeml.vhd
. 5 6 1o[x]ox]x B
» Focused on assessing at o SRk
Feond 0110]|0
b 01110
- 1000/|0
the same level of learnin TET F e
- 101 1)1 VHDL model is declared
SRRt fi=s R as a 4-bit vector.
" Fen 1101[0
Page 6. 1110]|0
* FOcused on aeveloping v IRRRL

Deliverables: Simulate your model using ModelSim. You are to upload your VHDL design file

. e e ve (Systeml.vhd) and a screenshot of your simulation waveforms (name it
waveform_8_2_1jpg) showing the output for all possible input codes to the DropBox. The test
Nathing to Save o Pagesors bench is provided below
tcom I d into | | f
outcome, grouped into levels o

difficulty. | Cowerromo

(d |ff|Cu Ity # Ievel Of Iea n | ng) CC7.5 What characteristic of a counter makes it a special case of a finite state machine?

A) The state transitions are mostly linear, which reduces the implementation
complexity.

B) The outputs are always a gray code.
C) The next state logic circuitry is typically just sum terms.

D) There is never a situation where a counter could be a Mealy machine.

4‘5 Course Structure for Digital Logic 17
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Two New Textbooks Authored
» to support both HDL languages (VHDL & Verilog)
* designed to teach the students how to achieve the learning outcomes.

Brock J. LaMeres Brock J. LaMeres

”'Introductlon to

Logic Circuits Logic Circuits
& Logic Design & Logic Design
- With VHDL with Verilog

: . Second Edition Second Edition

oo
&} Springer

@ Course Structure for Digital Logic 18
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149 mini-lecture YouTube videos created
» 5-15 minutes each, outcome specific

Lecture 01-13-14 "Review Classical Digital Design - 2" (MP4) -~ Lt 4 » = B
[ Li yt  Bookmarks  Wind:
= —————————————— GIEEEEL
o T Uiol | E
f = oLl e
=l I 2
(o < |E81vERE3sT 020218 _DFFPROJECT 1 H o x| |G isens iha0d Deskiog jEE £367/020218_ D jOFF TH.vhd = Defult *——tisi—— +| o x|
[l | . | vlrame SandType |Ordely | Ln= |
'I"l'\- \ - DPF.vhd 7T WOl 1 o
4 i3 W || DFF_TB.Rd v owoL oo
4 11 | %
- N =
2 .
~
s 4
=1
BTy ¢ proxc E l |
}ilﬁ.wao! o X
0 : -l
I\'Q:E-S-" > =
34 Col: 15 **  Project : PROJECT | <No Design Loaded > <No Context>
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A Portable Lab Kit was Assembled

* This kit can be used in the live-taught lab in a traditional lab bench setting.
* It can also be used completely remotely using a laptop and USB power

Analog

Discove SevenSeg
Clock e (6 downto 0)

Key Features

» Analog Discovery 2 ($180) - Eﬂ

- power supply . “”‘
- waveform generator
- oscilloscope

- logic analyzer

- DEO-CV FPGA Board ($100)
* Discrete Logic Parts ($20)

« Large Breadboard ($20)

* Total Cost = $320

* Live: 12 stations/room

LEDR Up Reset Vee & Prime

« Remove: Student check-out (2 downto0)  (SWD) GND

@ Course Structure for Digital Logic 20
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27 lab tutorial YouTube videos created
* introducing the lab assignment, walking through some basic steps.

Welcome + Help @ Ssupplies P Logic1 @ Scope1 ©
Bl single @stop Mode: Auto ~ Source: Channel 1 - Condition:  Rising - Level: 17v
v Trigd | C1 €2 8000 samples at 4 MHz | 2017-05-05 09:19:41.950 Bl Y |~ -
9 | ARSI RALEN KARAD BARE] Timk
Position: 0
8 Base: 0.2 ms/div
. < Add Channel
= MBWF1 - Waveform Generator 1 (Lab03_Digital _«
> Eile Control Edit Window
5 @stop all Channels - Synchronized - None
4 Channel 1
@stop Enable Simple - @
3
D3d O ave J and going to p Type: . Square - | Running
2 0 Yict:-3]Frequency: Ri1kHz
Amplitude: 1.7V
! Offset: 17V
Symmetry: |50 %
Q ) Phase: lo°
| | L
r——|
0/26:36 cc 'm| [

€ P Pl o) 16:12/26:36
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* Live taught Lecture + Traditional Bench Top Equipment (2 semesters

* Live taught lecture + portable lab kit (1 semester).

Data was collected for 2 years across a variety of delivery modes
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Student Performance Didn’t Show Significant Variation Between
Delivery Modes (lecture or lab)

95.0 95.0
£ 900 =X 900 T
3 | I 3
@©
(:.D. 85.0 G 85.0
]
@ @
g 80.0 g 80.0
O o
75.0 750
0.0 70.0
Fall 2016* Spring 2017** Summer 2017+ Fall 2017++ Spring 2015% Spring 2016+ Spring 2017++
Semester Taught Semester Taught
Note 1: E b +/- 1x Standard E Note 1: Error bars are +/- 1x Standard Error
. OFE + Error bars are +/- 1x Stan .ar rror * Live Lecture / Benchtop Lab Equipment {N=48, M=88.2, SD=8.4)
Live Lecture / Benchtop Lab Equipment (N=91, M=85.2, SD=13.1)

* Live Lecture / Portable Lab Kit {(N=50, M=88.1, $D=6.3)

** Live Lecture / Benchtop Lab Equipment {N=54, M=85.1, SD=10.5) + Live Lecture / Portable Lab Kit (N=57, M=89.7, SD=6.4)

* Online Lecture / Portable Lab Kit (N=25, M=87.5, SD=9.6)
** Live Lecture / Portable Lab Kit (N=84, M=86.3, $D=11.6)

* Note: These plots show class average. But all outcomes were individually
examined.
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Supplementary Materials were

Created for Module 4.4 and 5.5.

* 4 4 Combinational Logic Synthesis
« 5.5 Concurrent Modeling in VHDL

Skill Dev Task
“Basic Level”

Deficient

n=1

Initial
Assessment

n=1
Skill Dev Task n M Skill Dev Task n
— g = 5
“Basic Level’ n=n+1] “Proficient Level”
n=n+1
Deficient Interim Basic Basic Interim
A ment n
Fail “Basic Level” Pass Fail
Do you want
to see advanced
the assignment?
I KEY

|
] | Skill Development Tasks |

|
I | Formative Assessment |

: | Summative Assessment I

: | Student Choice |

Levels of Understanding

|

|

|

| 1) Mastery
| 2) Proficient™
| 3) Basic

| 4) Deficient
I

n=n+1

Proficient

Fail

material or move onto

Pass | Proficient

I'd like to see
the advanced
material.

Skill Dev Task n
“Mastery Level”

Interim
Assessment n
WMastery Level

Pass | Mastery

Exit Interview

Graded

Assignment

Overcoming
> Background
Deficiencies

ol

I'm done

Facilitating
Mastery
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Adaptive Learning

In Initial Offering, Student Had to Pass at Proficient to Access
Graded Homework

The “Mastery Level” activities are optional.

Skill Development Task Assessment = Skill Development Task Assessment B Skill Development Task
(Le., quiz) fi.e.. quiz) or

vy
You must pass at least the
“Proficient Level” before you can Take Exit Survey |= | Graded Assignment
exit the module and access the
Exit Survey and Graded

Homework Assignment. When you complete the

Exit Survey, you will

receive 100% on your
“Supplementary Learning

Module™ grade.

Design Example - Conditional Signal Assignments

Now let's design and simulate a model for the ProficientEx system using conditional
signal assignments. The test bench will be the same as above. Follow along with the
video and see if you can produce the same simulation result.

AB &

CON fo o' 8
[oo[oToTo]e] |
orfofefofe]]
s F=Tonen2 31001 wifete it

wi[e ol

- Keep in mind that the top and bottom cells are also neighboring cells. That means you can also wrap around the topbottom in addition
oo v £ e o the I igh
gt -
—i { minterm lst, use & K-uap 1o derive hie minimal SOP logic expression
(812,14

Hiat: Th

weaps around the ¢

SOLUTION: F = B-D
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The Data was Analyzed for Impact in Independent Variables
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EE [n=33) -
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MEin=2) | n/a n=a]
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T jr=2
= - 1250- 1490 fn=1)
SR (n=19) T
GR {n=3) 20 - 32 =11}
Suml5 in=7) - 5 27 - 29 [n=12)
; 5 [n=55 % 24 - 26 [n=7
'E F15 [n=55) - )
516 (n=28) -
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. o ik
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Adaptive Learning

The only significant difference was seen on students with GPAs
between 2.5-2.9 & 3.0-3.4.

GPA group BASELINE EXPERIMENTAL
1: 3.5-4.0 92.1 (n=37) 94.65 (n=23)
2: 3.0-34 92.79 (n=16) 87.63 (n=23)
3: 2.5-2.9 83.08 (n=15) 93.33 (n=15) p=0.044
4. 2.0-2.4 89.42 (n=8) 88.46 (n=2)
5: <2.0 85 (n=2) 85 (n=1)
Table 5. Mean Grade vs. GPA Groups on Outcome 4.4 (Baseline vs. Experimental).
GPA group BASELINE EXPERIMENTAL
1: 3.5-4.0 99.02 (n=34) 98.48 (n=22)
2: 3.0-3.4 86.67 (n=15) 97.73 (n=22) p=0.01
3: 2.5-2.9 92.01 (n=12) 86.22 (n=13)
4. 2.0-2.4 99.7 (n=7) 100 (n=2)
5: <2.0 49 (n=2) 100 (n=1)

Table 8. Mean Grade vs. GPA Groups on Qutcome 5.5 (Baseline vs. Experimental).
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Adaptive Learning Did Seem to Help Students with Lower GPAs.

» Data analysis showed that the grading ceiling effect may impact results.
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Adaptive Learning Did Seem to Help Students with Lower GPAs.

» Data analysis showed that the grading ceiling effect may impact results.

A Focus Group was Held to Collect Qualitative Feedback (n=6).
« Students thought the adaptive learning modules were useful.
« Students thought that they should exist for the more difficult outcomes.
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Adaptive Learning Did Seem to Help Students with Lower GPAs.

» Data analysis showed that the grading ceiling effect may impact results.

A Focus Group was Held to Collect Qualitative Feedback (n=6).
« Students thought the adaptive learning modules were useful.
« Students thought that they should exist for the more difficult outcomes.
» Students agreed they weren’t needed on every outcome.

» Students did not like that they were mandatory.
o Students with high GPAs didn't like the extra work when it wasn’t needed.
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The Digital Logic Course Materials Was Effective Across Multiple
Delivery Modes
» Supports live, remote, or hydrid delivery.
* Portable lab kit enables a variety of opportunities (in-class labs, fully remote labs).
* Need better resolution on lab grading other than pass/fail demos.

Adaptive Learning Helped Students with Lower GPAs

» Has potential to help struggling students with less instructor time.

Course Materials are Available to Other Instructors
 For Universities with Subscription to SpringerLink, e-textbooks are free to students.
* All lecture and lab videos are available on YouTube.
 Lab exercises and lab kit BOM available on my website.

4‘5 Course Structure for Digital Logic 37



Questions

4

MONTANA

STATE UNIVERSITY

Engineering Education
Research Center

Brock J. LaMeres

Introduction to
Logic Circuits
& Logic Desi

- with V

Second Edition

Skill Dev Task
“Basic Level”

Initial
Assessment

Deficient

Brock J. LaMeres

Int'ro‘du'ct‘ion

Logic Circuits
& Logic Design
with Verilog

Second Edition

=1

Skl Dev Tagk v kil Dev Task n Overcoming
*Basic Level "Proficient Level
Background
n=ntl Deficiencies
Deficient Interim
"
Fail {Basic Lavel’
Pass | Proficient i
Do you vant .
1o see advanced i done
material or mave onto
the assignment?
fo——————————-
KEY

Skill Development Tasks

Id like to see
the advanced
material

=i

Fommative Assessment
il s Tk
- * ‘Mastery Level"
Facilitating
n1
L Mastery
Proficient Interim
Assessment fi

|

Fail

1) Mastery

2) Proficient™
3) Basic

4) Deficient

I
1
I
I
I
I
I
: Student Choioe
1
I
I
I
I
I
I
I

<pdastery Level

Mastery

Exit Interview

Graded
Assignment

Lecture 01-13-14 "Review Classical Digital Design - 2" (MP4) ~

anatoom

\ ADIGILENT
\

LEDR up Reset
{3 downto 0) (SW0)

Analog
Discovery SevenSeg
GND

Clock (6 downto 0)

Vee & Prime

Course Structure for Digital Logic

38



	Design & Evaluation of a Multipurpose Course Structure for Teaching Digital Logic
	Motivation
	Motivation
	This Project
	This Project
	This Project
	This Project
	This Project
	The Task at Hand
	The Task at Hand
	Learning Outcomes
	Learning Outcomes
	Learning Outcomes
	Learning Outcomes
	Learning Outcomes
	Learning Outcomes
	Assessment Tools
	Learning Materials
	Learning Materials
	Learning Materials
	Learning Materials
	Data Collection
	Data Analysis – Outcome vs. Demo
	R1 & R2 Conclusion
	Adaptive Learning
	Adaptive Learning
	Adaptive Learning
	Adaptive Learning
	Adaptive Learning
	Adaptive Learning
	R3 Conclusion
	R3 Conclusion
	R3 Conclusion
	R3 Conclusion
	R3 Conclusion
	R3 Conclusion
	Conclusion
	Questions

