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Expert'Electronic'Coaching'for'STEM'Educa7on

Tim$McKay,$University$of$Michigan$Departments$of$Physics$and$Astronomy,$LSA$Honors$Program

How$learning$analy@cs$and$
computer$tailored$

communica@ons$enable$us$to$
provide$individualized$feedback,$
encouragement,$and$advice$to$

thousands$of$students



Challenges$in$STEM$educa@on

• PCAST$calls$for$1M$more$
STEM$majors$over$10$
years$–$a$35%$increase

• Na@onwide,$only$40%$of$
those$intending$STEM$
majors$complete$them

• The$largest$loss$occurs$
during$two$years$of$large$
introductory$courses
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STEM$aPri@on:$in$LSA$less$than$50%$of$
those$arriving$intending$STEM$complete

• Students$arrive$in$college$
with$context$specific$
diversity$of$background,$
interest,$and$iden@ty

• STEM$intro$courses$are$
large,$uniform,$and$
challenging

• All$these$factors$lead$to$
aPri@on:$departure(from(
STEM(is(not(primarily(due(
to(failure

• Personaliza@on:$provide$
support$able$to$act$on
Background$strengths$and$
weaknesses
Interests,$future$goals,$and$
affect
RealU@me$status,$including$
metacogni@ve$state

• Personaliza@on$must$be$
done$accurately,$wisely,$
and$at$scale
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Learning$analy@cs:$the$
measurement,$collec@on,$analysis$

and$repor@ng$of$data$about$
learners$and$their$contexts,$for$
purposes$of$understanding$and$
op@mizing$learning$and$the$

environments$in$which$it$occurs.
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Grade$predic@on$plus

• Two$important$themes:
– Exploring$dispersion$in$
outcomes$at$each$
predicted$grade$provides$
insight$into$exis@ng$
successful$strategies

– Knowing$where$students$
are$coming$from,$where$
they$stand,$and$where$
they’re$headed$is$
ac7onable'intelligence
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What$causes$this$
dispersion?



BePer$and$WorseUthanUexpected

• BTE$and$WTE$performance$
occurs$at$all$levels$of$
expected$performance$
– A$C'student$receiving$a$B
– An$A$student$receiving$their$

first$B+
• The$impact$of$this$rela5ve(

performance$on$STEM$
reten@on$is$large

• This$impact$is$exacerbated$by$
grade$infla@on,$$slower$in$
STEM$fields…

• A$complex$array$of$factors$
correlate$with$BTE/WTE$
performance
Strong$support$networks$used(
well
FirstUgenera@on$status
Underrepresenta@on$and$
stereotype$threat,$especially$in$
gender
External$overcommiPment

• We$learn$about$these$from$
both'quan7ta7ve'and'
qualita7ve'data
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Learning$analy@cs$make$all$of$
these$explora@ons$possible,$even$

the$qualita@ve$ones.



How$does$E2Coach$work?

MTS
The$Michigan$Tailoring$System:$a$mature$
openUsource$soeware$system$for$crea@ng$

content$designed$specifically$for$an$
individual$based$on$data$about$that$

individual



How$does$E2Coach$work?

MTS

Exper7se'of'hundreds'of'

students,'dozens'of'instructors'

and'behavior'change'experts

The$Michigan$Tailoring$System:$a$mature$
openUsource$soeware$system$for$crea@ng$

content$designed$specifically$for$an$
individual$based$on$data$about$that$

individual



How$does$E2Coach$work?

MTS

Detailed'

informa7on'

about'

thousands'of'

students'and'

their'current'

status'

Exper7se'of'hundreds'of'

students,'dozens'of'instructors'

and'behavior'change'experts

The$Michigan$Tailoring$System:$a$mature$
openUsource$soeware$system$for$crea@ng$

content$designed$specifically$for$an$
individual$based$on$data$about$that$

individual



How$does$E2Coach$work?

MTS

Detailed'

informa7on'

about'

thousands'of'

students'and'

their'current'

status'

Exper7se'of'hundreds'of'

students,'dozens'of'instructors'

and'behavior'change'experts Individually'

personalized'

messages:'

what'we'all'

agree'we'

would'say'to'
each'student,'

if'only'we'

could…
The$Michigan$Tailoring$System:$a$mature$
openUsource$soeware$system$for$crea@ng$

content$designed$specifically$for$an$
individual$based$on$data$about$that$

individual



How$does$E2Coach$work?

MTS

Detailed'

informa7on'

about'

thousands'of'

students'and'

their'current'

status'

Exper7se'of'hundreds'of'

students,'dozens'of'instructors'

and'behavior'change'experts Individually'

personalized'

messages:'

what'we'all'

agree'we'

would'say'to'
each'student,'

if'only'we'

could…
The$Michigan$Tailoring$System:$a$mature$
openUsource$soeware$system$for$crea@ng$

content$designed$specifically$for$an$
individual$based$on$data$about$that$

individual

Where$the$
principal$effort$

lies



What$do$we$tailor$on?

• Knowledge$of$each$
course$and$its$structure

• Input$from$the$course$
gradebook
– Homework$scores
– Classroom$response
– Exams

• Students'optHin:'they'

choose'to'par7cipate

• Input$from$the$student
Detailed$background$in$
physics,$math
Goals$and$interests
CoUenrollments
Planned$effort
Desired$and$expected$grades
SelfUefficacy,$confidence,$
approaches$to$physics



1812$students$
total,$934$joined

Female$students$
are$substan@ally$
more$likely$to$seek$
help$from$E2Coach$
and(other(
resources$(as$
reported$in$their$
surveys…)

Which$students$optedUin?
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We$contemplate$building$E2Coach$
into$the$structure$of$these$courses,$
effec@vely$making$it$required$for$
all$students.$This$will$help$us$to$
reach$all$who$might$benefit$from$

it.

Students$entering$with$
lower$GPAs$are$less$likely$
to$optUin$to$E2Coach









Agency:$If$I$don’t$
understand$a$
scien@fic$concept,$
it$is$usually$
because$I$didn’t$
work$on$it$hard$
enough.

Confidence:$How$
confident$are$you$
that$you$can$
receive$your$
desired$grade?

Interes@ng$gender$differences$
in$affect$ques@ons

0"

0.05"

0.1"

0.15"

0.2"

0.25"

0.3"

0.35"

0.4"

0.45"

0.5"

Not"
Confident"at"

All"

Not"
Confident"

Somewhat"
Confident"

Confident" Very"
Confident"

Confidence(

Frac=on"of"Females"

Frac=on"of"Males"

0"

0.05"

0.1"

0.15"

0.2"

0.25"

0.3"

0.35"

0.4"

Strongly"
Disagree"

Disagree" Neither" Agree" Strongly"Agree"

Agency:(hard(work(is(enough(

Frac;on"of"Females"

Frac;on"of"Males"



• CourseUspecific$technical$
advice

• Norma@ve$informa@on
• Goal$derived$mo@vators
• Tes@monials$$specific$to$
the$moment

• Data$graphics$predic@ng$
outcomes$and$tracking$
improvement

• Each$student$receives$a$
personalized$web$page
Home
Advice
Profile
Status

• Updated$when$
significant$new$
informa@on$arrives$(e.g.$
aeer$exams)$

Design$and$delivery$of$messages



E2Coach$in$the$Michigan$Tailoring$
System$Workbench



What$we$provide
• Tailored$advice$on$all$aspects$of$the$course,$
including$tes@monials$from$relevant$peers
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E2Coach$Status$and$Future

• E2Coach$for$physics$
launched$in$January$
2012:$four$courses,$1835$
students$total,$953$
enrolled

• In$Fall$2012$we$will$make$
it$a$required$element$of$
these$courses

• Examples$of$E2Coach$
content$being$delivered$
now$are$provided…

• Ul@mate$goal:$a$tailored$
communica@on$
interface$between$each$
student$and$the$
University$–$in(both(
courses(and(academic(
advising
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E2Coach: Expert Electronic Coaching 

University of Michigan
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What$we$provide
• Personalized$feedback$on$status$and$prospects

BePerUthanUexpected$outcome!



Measurement$of$impact

• In/out$plus$usage$
measures$to$determine$
engagement$with$
E2Coach

• Performance$of$students$
rela@ve$to$historical$
predic@on$models

• Dispari@es$on$gender,$
SES,$firstUgen$status

• This$is$a$complex$
interven@on,$with$many$
parts:$which$are$key?

• Tes@ng$in$fall$using$
frac@onal$factorial$
design

• Building$on$a$legacy$of$
rigorous$tes@ng$in$the$
public$health$community



Lessons$learned

• Computer$tailored$
communica@on$provides$
a$powerful,$flexible$
model$for$interven7on'
engine

• MTS$adop@on$is$
prac@cal

• It$produces$a$rich$suite$
of$data$for$assessment$
and$op@miza@on

• This$is$not$a$technological$
problem,$the$real$challenge$
is$s@ll$in$understanding$
How$to$op@mize$response$to$
detailed$informa@on$about$
students?$What$do$they$have$to$
do$to$succeed?
How$to$use$norma@ve$informa@on$
to$mo@vate$them$to$change?
How$to$bePer$incen@vize$
successful$behaviors?$How$do$we$
get$them$to$change?$



The$future$for$tailored$communica@on:$
an$interven@on$engine

• At$UM:$expansion$of$
BTE/WTE$studies$to$
other$disciplines,$across$
gateway$STEM$courses

• Going$to$the$cloud$to$
collaborate$across$
ins@tu@onal$boundaries

• Developing$an$
integrated$system$to$
support$academic$
advising

• Tailored$communica@on$
is$a$very$generic$tool

• Engine$of$a$customized,$
interac@ve$interface$
between$students$and$
relevant$informa@on$and$
support,$from$
orienta@on$to$
gradua@on.$A$tool$for$
informed$connec@on.$



Reminder$about$the$SOLAR$MOOC$on$Learning$Analy@cs





Recordings$of$all$the$sessions$which$
have$happened$already$are$
available$here


