Learning Analytics For The
DL Courseware Factory

Analysis, Solutions, Approved Capability Requirements to Support Them,
and Way-ahead

Dr. Mitchell Bonnett

Note: The views presented are those of the speaker and do not necessarily represent the views of DoD or its components



Introduction

The Analyze, Design, IMPLEMENT
Develop, Implement, and

Evaluate (ADDIE) model - & ®

is the learning creation :
business process model B e
for most of the industry.

When used to create
course software (AKA
courseware - CW) that is
Computer Managed

Instruction (CMI) at very
large scale it’s a business.

sSeeREew

A courseware business. R DEVELOP Eﬂ
A CMI factory.

Today’s topic is factory measurement. Labor and tooling are future topics. Please hold questions to end. Thanks!
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Scope: Compu

ter Managed Instruction (CMI) IMI Type

Resident Learning Hierarchy —
Learner travels to instructor or vice
versa

Resident Instruction (LIVE) —

Instructor and learners are in the same o .,
> ) —» “Brick and Mortar” Classroom
classroom at same time.

Instructor records learner “completion”.

Distributed Learning (DL)
Courseware Hierarchy
(abbreviated) — No one travels

—» Course Management System (CMS
Computer Aided Instruction (CAI) — g y ( )

Instructor and learners are in different

classrooms atisametime: —»{ Learning Management System (LMS)

Instructor records learner “completion”.

v

Computer Managed Instruction (CMI) — —rEediningieonEnaMaSystemiECHS)

Interactive Courseware (ICW)

t» No instructor or classroom.
Learner interacts with only software -

. . —»{ Electronic Testing System (ETS)
software records learner “completion”.

Focus today is CMI. Interactive courseware that is CMI is the most taken and completed DL
IMI type. The discussion today is about rapid, efficient defect-free CMI production at scale.
CMl is too often difficult to develop, implement, and evaluate — and it shouldn’t be.



Scale: LARGE Scale CMI Courseware Development and Use

DEPARTMENT OF THE ARMY A ok ok ok N
Fiscal Year (FY) 2019 Budget Estimates “sn EAB“ING
Dp«eratic:n and MEiﬂtEﬂﬂﬂ[‘.E, ﬂfﬂ'l"_l," Advancing America’s Workforce
Budget Activity 03: Training and Recruiting

Activity Group 32: Basic Skill and Advanced Training The Official Learning Development Site for the U.S. Federal Government
Detail by Subactivity Group 324: Training Support

Distnbuted Leaming (DL) Course Completed’

FY 2017
12,530,354

FY 2017
15,000,000

e 1K+ CMI courses available in FY17 e 7?7 CMI courses available in FY17
e 1M+ active learners took CMI courses in FY17 < ??7? active learners took courses in FY17
e 12M+ CMI completions in FY17 e 15M CMI completions in FY17

The Army uses SCORM 2004 3rd Edition to autoscore its CMI. OPM uses SCORM 1.2 to autoscore its CMI.
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Analysis - Recent History of the DoD Problem Set

External analysis finds DoD CMI factories need improvement and makes recommendations
e 2017 Advanced Distributed Learnlng

How much Are we hitting
DL Gap Report are we our strategic
e Use Standards/Specs spending? goals? Are our Are we Are our
* Incorporate Learning Metrics otk I Bl e projects
A working well?| | commitments? on track?
. . re our
* 2018 Defense Science Board - De5|gn S
and Acquisition of Software For hapw‘?
Defense Systems =3 — e e
* Transition to Factory S Are our e
. o0 Are systems Technical Program
 Go Ag|le pull requests working well? managers managers

good?

e Use Agile Metrics
e 2018 OSD Reform Initiative -
Learning Technology (LTech)
Implementation Plan
e Go Factory (USA Learning)

Developers

Davis, C. W. H. (2015). Agile metrics in action : how to measure and improve team performance

Yet... Will these achieve software industry level efficiencies in our business? Perhaps...
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Analysis - Review of the Industry Problem Set

Analysis finds software industry may be unprepared for use of analytics (metrics) in Agile

e 2015 Journal of Information and Software
Technology “Using Metrics in Agile and Lean
Software Development — A Systematic Literature
Review of Industrial Studies” found:

e Agile focus on lightweight working
practices, constant deliveries, and customer
collaboration conflicts with Traditional
measurement (metrics) approaches

 The overall picture is not clear on what
metrics Agile teams are using in practice,
for what purpose, and with what effect

e Projects and sprints need to be planned
and tracked; Quality needs to be measured;
and Process problems need to be identified
and fixed

Project mentality

Design

Product mentality

Build and
track

Done!

Design
/ ™
Build and Incorporate
track feedback
7
Y _-".
\ Done... /

;__l i I.'.' I.'."E]l.'.' I.'"'.'-J:J"
|."l'.' I'._. ._.I' |."'.' :_..._.. '.".'l..

Davis, C. W. H. (2015). Agile metrics in action : how to measure and improve team performance



Analysis: ADDIE Stages that Affect the CMI Factory

Analysis and Design stages do
not affect CMI (its not DL yet)
Develop stage is very strongly
affected yet traditionally has
the weakest analytics (metrics)
reporting due to Develop stage
span and hesitancy to make
vendors brief internal practices
Implement stage is strongly
affected but trials and function
tests can help force metrics up
Evaluation stage is strongly
affected but Learner Help Desk
tickets can force metrics up
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Analysis: High Influence Agile Industry Metrics

High influence metrics based on number of occurrences and perceived importance factor.

Metric Mumber of oocurrences Importance factor Sum of ranks/2
Veloaty [51,52.53,55.56,58,58,510,513,516,523 527 528 15 3 1
Effort estimare |53,57.58 58,559,512 515,517,529 12 3 1.5
Customer satisfaction |51,53,57 517 519,520) 6 3 25
Defect count [51,53,55,57,57,510,525,527] 8 2 5
Technical debt [54.54] 2 3 5
Build status [54,514] 2 3 5
Progress as working code [530] 1 3 6.5
Lead time [S18.519,522 524] 4 3 7
Story flow percentage |513] 1 2 95
Velocity of elaborating features [513] 95

e No need to strain your eyes —

1 ° °
pefec o o525 they will be discussed in
5 1

Number of unit rests [51,55514 527 528 11
Cost types [521] 1 ° ° 14
Varnance in handovers [521] 1 u pCOm I ng SI IdESo 14
Deferred defects |57 1 14
Predicted number of defects in backlog |525] 1 1 14
Test coverage [514] 1 1 14
Test-growth ratio [514] 1 1 14
Check-ins per day 55,527 528] 3 MNA 16
Cycle time [517,523) 2 NA 16.5

Kupiainen, E., Mantyld, M. V., & Itkonen, J. (2015). Using metrics in Agile and Lean Software Development — A systematic literature
review of industrial studies. Information and Software Technology, 62, 143-163. doi: https://doi.org/10.1016/|.infsof.2015.02.005
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Analysis: Where We Need to Be in Agile Metrics

Where we need to improve for Agile (all of us?) Where we are (some of us?)
ADDIE ADDIE ADDIE ADDIE ADDIE
Develop Develop Develop Implement Evaluate
Manage Manage Generate Move code Ensure
tasks and code and builds and across everything
bugs collaboration run tests environments is working
[ [ [ [ [
Project Source Continuous Deployment Application
tracking control integration tools monitoring
» Good designs » Good designs » Good designs » Good designs » Good designs
* Architecture * Architecture * Architecture * Architecture * Architecture
* Technical excellence * Technical excellence * Technical excellence * Technical excellence * Technical excellence
» Simplicity » Continuous delivery * Deliver frequently * Deliver frequently » Working software
» Changing * Become more » Continuous delivery » Continuous delivery « Satisfy the customer
requirements effective * Become more * Become more
» Working together effective effective

« Motivated individuals
* Face to face

conversation Davis, C. W. H. (2015). Agile metrics in action : how to measure and improve team performance
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Solutions: How We Get There in Agile Metrics

ADDIE ADDIE ADDIE ADDIE ADDIE
Develop Develop Develop Implement Evaluate
Are you How much How long does How fast can you How well
meeting code is getting it take you to get | | get changes to your IS your system
commitments? built? things right? consumers? performing?
) ) y )
Project Source Continuous Deployment Application
tracking control integration tools monitoring
- b
What | How well is the How are your
a :5 !l"ﬂ“'.'? team working customers using
current pace together? your system?

L.

Bottom left corner of each slide that follows indicates an approved capability requirements
package passed to the DoD ADL that can fully or substantially mitigate those gaps.

Davis, C. W. H. (2015). Agile metrics in action : how to measure and improve team performance
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Solutions:

ADDIE
Develop

F

Are you
meeting
commitments?

V &

Project
tracking

N

What is your
current pace?

L

DL Registry (DLR)

- 105 requirements
approved 2013

9/11/2018

Agile Metrics for Develop (Project Tracking 1 of 2)

Story points

The commitment represents The team strives for

what the team thought they consistent estimation
could accompligh. and completion.
i A
140 B Commitment
H Completed
120 { T
100 ] v
80
60
20
The goal and estimates
o
Sprint 1 Spnnt 2 5|:-r nt 3 Sprnt 4 Sprint 5 Sprnt 6 are always only a few Eff E H 2
Sample tray  Growler Pubcrawl 99 botlies The bar pnts apan. Ort Stlmates

B Faints

Velocity (1) / completed
/ W Sprint goal
115 ﬁ ’/,\\

62 63 B4 65 66
Sprint

BL -The two “most influential” factory metrics” are project tracking metrics.

Davis, C. W. H. (2015). Agile metrics in action : how to measure and improve team performance
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Solutions: Agile Metrics for Develop (Project Tracking 2 of 2)

ADDIE
Develop

i

Are you
meeting
commitments?

V &

Project
tracking

N

What is your
current pace?

L

DL Registry (DLR)

- 105 requirements
approved 2013

9/11/2018

Issues

Mumber of bugs that weren't
_— found in the developrment cyde

Escaped bugs = .

3 .Cgmphgtedbugs Bulld Status (6)

M Open bugs

: Defect (Bug) Count (4)

]

. Ahigh number of tasks that moves backward is

R I I R R R narmally an indicator of significant problems.
'5‘ -‘5‘ rE‘ rE‘ '5‘ -‘5‘ rE‘ rﬁ‘ Q;P rﬁ’@'ﬁ‘ Total issues: 11 W
Period: |ast 90 da
fﬁfﬁfﬁfﬁfﬁfs & (grouped weekly) 200 - B Points
Nurrber of bugs that were \ W Total done
_— found in the development cycle 150 —
Found bug B Bugs
200 B Completed bugs 100 B ackward
B Open bugs tasks
150 m
100
0
53 54 55 56 57
Technical Debt (5)
0
,\'b P T T R R T ,\\- ,\h ,\h ,\h .
,p ..p ,5; ,5; ,p ..p ,5; ,5; @ ,5; Total issues: 1616

@f@f@@f@@“f@;fﬁ@ atoupsa weeks)
BL - 5 of 6 of the “most influential” factory metrics” are project tracking metrics.

Davis, C. W. H. (2015). Agile metrics in action : how to measure and improve team performance
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Solutions: Agile Metrics for Develop (Source Control)

ADDIE
Develop

How much
code is getting
built?

How well is the
team working
together?

DL Source File
Repository (DLSFR)
- 41 requirements
approved 2015

9/11/2018

Pull Requests

Pull requests and code
reviews are trending up.

Data from source control / |

M Pull requests

i,

600

Z—

__———'—'_'_._-_._

B Code reviews

Sprint

Commits, Reviews,
Comments, CLOCs

Figure 1.13 Source
control data for a team
over a few sprints

57 5B
Everything is trending
in the right direction. Yay!
SCM stats against bugs \
30 B Pull
T — \ requests
23 1 B Commits
M Bugs
16 “
Bl Comments

9

2
15 16 17 18 19 20 21

[T -y

Davis, C. W. H. (2015). Agile metrics in action : how to measure and improve team performance
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Solutions: Agile Metrics for Develop (Continuous Integration)

;DD'IE Progress as working code (7) Manual
evelop Content (Doctrine) Validation

IHow long does Section 508 Testing
it t;ge you t;}get Presentation Code Testing
nigs Ngnt: Scoring Language Code Testing

T Pt 4 CUSE
Developer Tester Manager

i From: Individual Trials (Iterative)
Continuous Group Trials (Iterative)
integration - = o

*DLICR also auto Test Test Verify what Ship
individual miultiple customer to the mm——
detects and stores . changes changes gels customer

Because Individual and Group

learner computing -

environment data. Tg- & &l _ Trials require human learners

DLissueCollection o o — L an JT I toke them for ISD purposes of
Repository (DLICR) & 8 = establishing course length and
- 93 requirements — item analysis difficulty
approved 2015%*

Local development Integration QA Production measurement IT and GT may
never be fully automated...

Davis, C. W. H. (2015). Agile metrics in action : how to measure and improve team performance
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Solutions: Agile Metrics for Implement (Deployment Tools)

ADDIE Progress as working code (7) Manual
Implement Two weeks of Release process Documents/Test Logs Review
develcpment o afewdays Function Testin
How fast can you — | | | g
TR T R " Production 1 Fi i
Development Manual and Big release Production ieldin
QET chan‘ges tﬂ YDLII* mmppl;?e automated testing ? va‘ifizatbn e gw i s e
consumers? - , e =
- = - i =e :
y From: giie: ;
D’B’ploym . . R . .E': """ °::, e
tools r i | r | R
The team got a8 many tasks Once developmant All of the code was released Ewvarything was verified in
as they could get done in was completa there was a at the same time during tha production environment
* D Ll C R a |SO auto wo weeks into a release. multiday regression test. a release event. after the release was donea. Automated
d ete Cts a n d Sto res DE‘\“E'CPIT.EI'It Automated Automated i Proaduction N : S Test Results, Sorted by Fail Count =
. testing release verification S
learner computing -

environment data. To: U - ﬁ} - {E’E -> {:?I:}

DL Delivery Systems 1 I t ) T g
{ETS, LMS, LCMS for Devalopmant is Testing is 100% Releass is automated Production verification  —
on a single task. autormated. basad on test results. is continuous.

CMI; CMS for CAL; Etc.)

All are deployed now.
Davis, C. W. H. (2015). Agile metrics in action : how to measure and improve team performance
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Solutions: Agile Metrics for Evaluate (Application Monitoring

ADDIE

Customer Satisfaction (3)
Evaluate

AN 8 e (v} E 3 [} H i
1 [RightNow Tickets For Week Ending 21 Jul 2018 1
Hnw we[’ 2 Courses with ticket totals >= 20

Propencnt  Course Mame e N MT Control o M/ Active
1 Ay Sall WS, Ay Thee ] 40,508 9-Feb-a013]
is your system oot i prcs
Areny Staff EEOQ. 03A_) n 16,083 25hpe-2004
msic oL} = 193682 Bsi-a010

Aveny S perny OPSEC Lavel 1 {Morweomars and Rafrashae) e

performing?

auug »
ams M2
MG 45 g
Hms E] 143
Mus £ 588
] o 6742
Mus L] 2744
Mus Comp ARMY EPL £ = 1,260
Maus HURSE 5.} 7 838
s I - 1350
21 Courses had 20 or mare tickets for that week. 2286 11418
2 0% MM WOME ther, o value, nave. 127 o
27 Total Tickats for the Waek 3155
28 Total Sessions for the Week 3141154
29 % Tickets to Sessions for the Week 010

Forpcast

DL Masrix

How are your |
customers using
your system?

Amempts

. i i -
il : ; ;

STRRRER A

DLICR (help desk);
ETS, LMS, LCMS must
support item analysis
CMI Interaction data

[T AT a—
Curspleted Tt lsoabot
Recorded

9/11/2018

o189}

(109,404)

00w

< Not in the study ... but...

Davis, C. W. H. (2015). Agile metrics in action : how to measure and improve team performance
Learning Analytics For The DL Courseware Factory

F-Mr2010.
252014
22

g 2040,

A o

Active Date for
most current
Ieration
5192017
1212017

T7R0NT
3132018
3222015
101142016
L
302017

Uiy
Mot

FEM

Difference

2ys, 3mo
4y13, 5mo
Ay, Smo
4ys 8mo
Ty 2ma
By, 6 mo
10 yis,7 ma

Byes, 10mo
Tys Bmo
Tys, Tmo
Iys. Bmo
& yrs, 5 mo
7ys, 7mo
T s, Bmo
8 w5, 2mo

1y, 3mo

MI O tom Combied W ——“ oo ke o i | A | [N o | (190K

ki)

7 | S, Rl SN ) SR < S S e O . S S S S
1 Incident Codes Aggregate for Week Ending 21 Jul 2018

2 |Ticket totals => 20 tickets

15 N33 - other

16 | botal tickets: 56 - percent of whole: 1.78%

17 | Tickets  mame

Blockboard 101 - Introduction For Instructors091 Bb_101 N

20 |W4A - Course Doesn't Launch

21 | total tickets: 316 - percent of whole: 10.04%

22 Tickets  Mame

23 1 STRUCTLRED SELF-DEVELOPMENT - LEVEL 1 (1-250-C4-1 (Tn)_J1-250-C45-1 (L)
STRUCTURED SELF-DEVELOPMENT - LEVEL 2 (1-250-C49-2 (04 }1-280-C49-2 (L)
STRUCTURED SELF-DEVELOPMENT - LEVEL 3 (1-250-C40-3 (Tu) J1-250-C4-3 (L)

27 |48 - Can't Proceed /Retum (blocked)

28 total tickets: 193 - percent of wholbe: 6.17%

25 Tickets  Mame

STRUCTURED 5ELF-DEVELORMENT - LEVEL 1 (1-250-C49-1 [04)_}1-250-C49-1 (D)
STRUCTURED SELF-DEVELOPMENT « LEVEL 2 (1-250-C4-2 (D) )1-250-C4i-2 (00}

|54 - Roll-Up Issues Lesson/Hodule
| okl tickets: 739 - percent of whobe: 32.16%

(Tickets  Hame
362 STRUCTURED SELF-DEVELCPMENT - LEVEL 1 (1-250-C49-1 (00)_}1-250-C49-1 (U
37| S? STRUCTURED SELF-DEVELCPMENT - LEVEL 2 (1-230-C49-2 {[n] )2-250-C45-2 (L)

HATMAT FAMBLIARIZATION/SAFETY IN TRANS (CERT) (9E-F69/920-F17 (DL)_JOE-F63/920F37 (DL}
LOG-C1 f Sustanment Leaming Assessment

STRUCTURED SELF -DEVELCPMENT - LEVEL 4 (1-250-C49-4 (04)_}1-250-C49-4 (DU}

Army OPSEC Level T (Nevwcomers and Refresher)

37 (DL _SEFERR0FIT L)

HAZMAT PAMELLARTZATION/SAPETY BN TRANSG (CERT) {3€-FE5/520-137 (L) 19C-FE3/520-737 DU}
CIVILLAN FOUNDATION (1-250-C55 (DL)_J1-250-C59 (0L

/20-F 35 [OU)_TEFET/I20F 35 (L)

MILITARY MUNITIONS FILLE (CERT) (42-F46/845-F 30 (L) 98 F48845F30 [01)

37:I=l.llbdlzls 74 - percent of whole: 2.35%

+ 20180721 | 20180714 | 20180707 | 20180630 | 20180623 | 20180616

NON-CONTENT Incidents

- Browoer dowsa't work

234, - Fails to find tem
- Lesroes snable to use search
121 - Orbar®*

ATHES Ragistration isses
- Cam't rmpiates fos couie

3 164 - Video dowsa't play
b HEE . Vides play: improparly
; HAL - No andse whes expected

- Laamar sccess potnt
= Browias and verzioe
E - Oparanag System aod vanion

b} rl Ockag®**

LIE - Incwrmwet seonng (duseg exmm)
CLE - Number of st atsempts (exam reset)
€16 « Complered ar izsue

£ £1F - Brokan byperlisk
5 CIG - Othartve
4 Leszon Maserial Explanations

Incident identification velecsed uting 2 rwo riered drop
categories

doma. Tnitsl drop dewn Hat bared oa
absve and o tecond drop down contivting of the
auociated bettered items. la

svailable for sutering
wpacifie: far sach incident,

3iled description and

*Mou~consent: plavabiliry o1 recording of the learmng

matenal
**Conmnt the larning masnial

44T requine 3 mandatory entry in a text Seld

16

ition. o text field i



Way-Ahead: Require ADDIE Develop Stage Metrics

ADDIE ADDIE ADDIE ADDIE ADDIE
Develop Develop Develop Implement Evaluate
Are you How much How long does How fast can you How well
meeting code is getting it take you to get | | get changes to your IS your system
commitments? built? things right? consumers? performing?
4 ) ) ) N
tracking control integration tools monitoring
r b8 b | A
: How well is the DLICR requ-lrement set-has a sub reg set How are your
What ;3 :.ruun.'? team working for aut?matlcally.detectl.ng and stormg. customers using
current pace together? learner’s computing environment metrics. your system?
DL Registry (DLR) DL Source File DL Issue Collection DL Delivery Systems  DLICR (help desk);

Repository (DLSFR) Repository (DLICR)  (ETS, LMS, LCMS for  ETS, LMS, LCMS must
- 105 requirements -41 requirements - 93 requirements CMI; CMS for CAl; Etc.) support item analysis

approved 2013 approved 2015 approved 2015* All are deployed now. CMI Interaction data
Davis, C. W. H. (2015). Agile metrics in action : how to measure and improve team performance
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Conclusion

BL - Much progress in DL metrics analytics has been but
more is needed.



Q&A

e Contact mitchell.l.bonnett.civ@mail.mil or mitch bonett@hotmail.com
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