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Learning Theory and Analytics
as Guides to Improving Undergrad
STEM Education

Matthew L. Bernacki, PhD

Department of Educational Psychology & Higher Education

Research on Metacognition and Motivationin Advenced Learning Technologie:

THE NEED

[UNLV] students tend to struggle adjusting to college, and it
influences their learning and achievement.

THE OPPORTUNITY

Research on Learning can supply students with strategies to learn.
Data on individual students can help us tailor the way we support them.




The research question

How do we help studentslearn to learne
...and how do we tailor our support to the
individual?

LearningTAGs Overview

|dentify
students likely
to struggle,
andreach out.

Let the others
be.

Provide
studentswith Teach them to

resources to use them.

support
learning.

Leaming Theory and Analytics as Guides fo Improving
Undergrad STEM Education
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Research Questions

+ How do students use resources?

* Which behaviors are related to achievement?
« How motivated are students to learn@

STUDY 1
PROVIDE STUDENTS WITH RESOURCES.

Study 1: Resources for Learning

UNIV WebCampus

alelelelelelel )

Syllabus & Learning Goals
s TR

Monitoring Progress

Observe student usel
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Study 1: Data Logging
Ir}gr@rﬂg HQI HE@S; enrich it with meaningful

information
— Courseinformation, user information, contentinformation

splunk>  App: Leaming TAGS Matthew Bemacki g Settings Activity Help

Search  Dashboards  Alerts  Reports  Pivot Learning TAGS
[ Fall 2014 - Activity report content id SaveAsv  View Close
index="webcampus_application" source=/usr/local/blackboard/apps/tomcat/* AND (course_id=_33760_1 OR course_id=_33286_1 OR fromAug 1 through.. v | Q

course_id=_33764_1 OR course_id=_33284_1 OR course_id=_33285_1 OR course_id=_28785_1 OR course_id=_28789_1) content_id=*
| lookup tagsCourseGAPT course_id AS course_id content_id as content_id OUTPUT forum_id, tool_id, content_name, content_type,
resource_type, anchor_day

| eval Time=strftime(_time, "%m/%d/%Y %H:%M:%S")

| table Time course_id Ltags_course_name Ltags_course number Ltags_course_section semester content_id tool_id forum_id content_name
content_type resource_type toc_id request session_id semester_day semester_week duid USER_ID, anchor_day semester_name semester_date
| rename tool_id as Ltags_tool_id, forum_id as Ltags_forum_id, content_name as Ltags_content_name, content_type as Ltags_content_type,
resource_type as Ltags_resource_type

48,899 of 185,192 events matched Jobv oW & ® Smart Mode v
Events Patterns Statistics (36402) Visualization

20 Per Page v Format v Preview v 2 3 4 5 6 7 8 9 Next>
Time course_id °| Ltags_course_name © | Ltags_course_number © | Ltags_course_section © | semester - | contentid Ltags_toolid | Ltags_forum_id| | Ltags_contentname | Ltags_contenttype
08/01/2014 337601 | MATH 181 1001 Fall2014 | _757485.1
10:26:19
08/01/2014  _33760_1 MATH 181 1001  Fall 2014 -753985_1 NULL NULL Learning Assistant Content area that
102851 (course menu link) holds assessment

(course menu link)

08/01/2014 337601 | MATH 181 1001 Fall2014 | 7539851  NULL NULL Learning Assistant Content area that
14:50:41 (course menu link) holds assessment

Study 1: Data Logging
Infrastruciure

« Restructure it to representlearning events, based on
the content students utilize.

49,028 of 64,495 events matched nom » & Q|
Filters split Columns Documentation
fromAug21,201.. | # | + semester_week # || Utagsresourcety.. |# | +
Split Rows Column Values
duid 7+ Countof learning_... | # || +
Tm| TmUNK | 1mUNK
= k= & LECTURE | LECTURE T0 T0 MONITORING
11| COMMUNICATION | CONTENT | ENVIRONMENTAL | ENVIRONMENTAL NOTES- | NOTES- | CONTENT = EXTERNAL LEARNING / | 1:: MONITORING
duid ASSIGNMENT TOOL © | FOLDER STRUCTURE STRUCTURE © = COMPLETE © | PARTIAL AREA © | WEBSITE © | SELF-ASSESSMENT © | PERFORMANCE
3 0 0 0 0 0 0 0 0 0 0
_10 0 0 0 0 0 0 0 0 0 0 0
_10 0 0 2 0 1 0 0 3 0 0 0
_10 0 0 0 0 0 0 0 1 0 0 0
_10 0 0 Py 0 0 9 0 9 0 0 0
_10 0 0 () 0 [ (2) 0 (s) [) 0 0
10 0 0 0 0 0 0 0 o 0 0 0
_10 0 0 0 0 0 0 0 2 0 0 0
_10 0 0 1 0 0 0 0 2 0 0 0
20perpagev  Format v 2 3 4 5 Next>
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Figure 2 Total amount of activity per content type and user in a semester

4=

i

i |

S I I I
£ & f e S F S E

o&s.&fds“’go& @9‘?@‘:‘& & 69“‘\ Q@cf"” f:f\ <

d‘& & & oé\eé »3‘496&‘;' ‘.o‘@ﬁ @\5’\' ,24330 &«5’ &

© & & & &£ & &£«

ks & 6#‘«",(0&\35?) e"io‘g\ & &

SN
&

Igle

% m

'Egure 3 Total amount of activity per week by user and content type

Data Logg

Study 1

What Learning Behaviors are associated with achievement? (EGG 101)

Semester Final Exam

Grade Grade

Content_FolderTotal r 0.42 0.31
p 000 000
Clicks on Links to Content r 0.44 0.09

Complete Lecture Notes r 0.39 0.37
P 0.00 0.00
Partial Lecture Notes r 0.37 0.04
o 0.00 068
Assignments r 0.25 0.25
o 002 001
Assignment Solutions r 0.05 0.13
o 066 022
PlanningTotal r 0.24 0.22
o 002 004
PolicyTotal r 0.06 0.00

Self-Assessment Quizes to monitor leaming r 0.20 -0.15
P 006 0.16
Monitoring_progressTotal r 0.00 -0.10
o) 098 034
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Study 1: Implications

» Students use the resources provided.

» Certain resources are related to better
outcomes.

Teaching students to use these resources
well should improve outcomes...

Research Questions

« Can we improve student achievement if we teach
them to use the resourcesinstructors provide?

STUDY 2
TEACH STUDENTS HOW TO LEARN.
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The Science of Learning to Learn

Rationale Training
« Providing students with 3 modules

resourcesis a start! 1. Learning Strategies
* Training them to use 2. Managing Learning

resources effectively
should promote
learning.

3. Managing Behavior

The Science of Learning to Learn

Introduction

Emily... and her dilemma

The realities of college, &
the challenge

Instructional Approach

1. Learn about aleaming strategy... And why it works

2. See how large an effect that strategy hashad on college
students’ performance

3. Search for resources that help you use the strategy
4. Make plans for using the learning strategy in your course




Module 1: Learning Strategies

Self-testing Spacing Practice

Scores on an exam 5 minutes or 1 week after studying
the material
(Roediger & Karpicke, 2006)

Usual study schedule:

Massed chapter reviews:

|(h3||(h4| |cns“cno| |cn7||cns|...ll ||

Better study schedule:

g Study Test Test Test

Studtudy-Study-Study

EXAM ’

T]
iR Bl fI - G

Review for chapters 1 and 2 spaced: ’

Accuracy at solving difficult abstract Material | Week 1
problems (Berry, 1983)

Self-test twice Self-test once

Chapter | Read chapter
1 Attend Ch 1 lecture (Tuesday & Thursday) (Thursday)
self-test 3 times
Chapter Read chapter, Self-test twice
2 Attend Ch 2 lecture, (Tuesday & Thursday)

self-test 3 times

Read chapter
Attend Ch 3 lecture,
self-test 3 times

Chapter
3

Exam on Friday of Week 3

Module 2: Self-Regulating Learning

. . . . Stage 1:
Consider Learning Objectives Define the task
The learning objective that appears in the syllabus: How Emily read the learning objective:
e gt St kst e ST
vertebrates ... i.v\verkzi;rakzs. (.h"::i::::r:::i’
Stage 3:
Level of Understanding | Common verbs s
1 Knowledge Define, label, list, match, recall,
recognize, name, identify
2 Comprehension Explain, summarize, paraphrase,
describe, compare, classify
3 Application Apply, identify, solve, utilize, ca .
A OEE Zse' Com{me 1/ Select Strategies,
4 Andlysis Andlyze, categorize, examine, Monitor Learning,
relate & Adapt!
5 Synthesis Discuss, compose, combine,
create, modify, develop
6 Evaluation Appraise, choose, evaluate, judge,

estimate, assess
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Module 3: Managing Behavior

Set goals and make

SITUATIONAL CUE |RESPONSE

implementation intentions to S (then...)
help you stick to the plan.
“If | am in a situation X, then | will do Y.
Keep perspective through S,
ster2

Mental Contrasting

in M ""
Avoid Distractions! Gy
Typical Multitasking Method = -
2 hour study session R
(EER 10 15 (/‘fa,'n"‘f,g\
Attention divided frequently by texting events, social media breaks L g e - Poorerrecall
More effective Multitasking Method AW V ) + NE =
Sagiee. [l Sagee, B Sives RN
Spring 2015 Fall 2015
* Randomly assign 2 * Replicate study in
sections of Biology — BIOL223
students — MATH 181
— Learning to Learn - EGG 101

— Extra Bio Content

* Provide resources via
WebCampus

* Issue weekly
announcements
— (open, reminder, close)

* Randomize students
within a course using
adaptive release.

Spring 2016

» Replicate with Math 124,
continue in Math 181
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Study 2: How does web-delivered training
affect a student’slearning skills & achievement?
R ]

10
9 095 095
w» 8 09 09
E 7 085 085
5 ¢ 08 T 08
9 ; 075 E 075
3, = o7 X 07
= 3 0.65 0.65
) 06 06
1 055 055
0 05 05
L2L Control
10 095 095
39 09 09
g8 085 085
5 7
2 08 - 08
w 6 © -«
g . 5075 — 5075
g, £ 07 £ o7
g o] o]
) 0.65 0.65
N 2 06 H 06
g 1 055 H 055
0 05 N 05
A B CorWorse A B '(:orWorse A B CorWorse
Immediate Effects on Exam 3! Effectsfor C earners on Quizzes; Sustained?

Practical Impact on Grades...

Study 2 Implications

» Student achievement can be
increased by teaching them to use
resources effectively.

» Not all students need this fraining.

How do we identify those who need help
learning, and how shall we help them?

2/8/16
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Research Questions

« Can we identify students who are likely to perform
poorly in a class?e

+ Can we help theme

STUIBDNYAS
IDENIHIRANES SHRUSSLINES SIUBIENIIS
S ANBEHE ELERIINGETHENMSTE@AEEARIN

Study 3: Developing an early warning system

SEMESTER
Week ! X

1 2 3 4 5 6 7 8 91011 12 13 14715

XAM 3

EXAM 2

Compare!

VS.

2

11
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Study 3:
Early Warning System Testing

» Build a prediction model looking at Fall 2014 data.

» Test Models built with Fall 2014 with Spring 2015
behaviors and Grades to ensure stability of
predictions. Do it again with Fall 201 5!

SUCCESS!
Fall 2014 m i ring 201
AND Fall 2015!
Model successfully recalls 85% of C or
True 0 OfUT Worse; 7 out of 8 who “need a message”
o get one.
0 126 | 22 | 148
;r | We cast a wide net. Of predicted C or
1 117 |33 [150 worse, 48% earn a B or Better (“You
| canrecoverl!”).
Out of 243 |55 | 298

)3

An alert would be liberal; going fo nearly all who need one, andto some who may recover on theirown.

Study 3:

Implementing the model
To produce a prediciion

Intercept RVl 1. Report each action

Access Lecture Materials within a given time
Total Clicks onlink to Lecture Materials (count) 0.01 frame

(;/Z)euil:) 2 accesses of Folder of Unit 1 Lecture Materials 0.10 data model pulls all
Access Chapter 2 Notes: Chemistry Macromolecules -0.52 These reports into a
(any; dichot) single Toblg )
Week 1 access of Chapter 4 Notes: Tissues Lecture 1 [l 3. An evaluation function
(dichot) that produces the
Week 2 access of Chapter 4 Notes: Tissues Lecture 1 0.59 prediction (z); applies it
(dichot)

A threshold forselecting

Week 1 access of Chapter 11 Notes: Muscular system -0.49 students to alert

(dichot)
Use of Self Assessment Tools
Unit1SelfAssessmentQuizzesFolder (count) 0.07
Week 4 uses of Chapter3 Self-Assessment Quiz 0.01 = 1
(count) probability = Ate 7
Use of Planning & Organization Resources ( € )
Week 2 access of Ch 1 Review- Intro to AP Worksheet  -0.78
(dichot)

Week 4 visits to course Cdendar (count) -1.53 I_D/CIW) IS 1:0 p’IO_T Th’25 In
Use of Addifional Monitoring Tools Biologyin Spring 2016
Biology223LearningGoalsChapter43_count 9.78

12



WE HAVE A MODEL...
HOW SHALL WE USE IT?

A Check-in on your learning

Hi [Name]!
Our first course exam is coming up in a week or so.

P'm alitfie concemed that you might not score so well because of the way you've beenusing
he resources provided on WebC ampus sofar this semester.]

I want to check-into make sure each sfudentis ontop of our content, leaming in appropriate
ways, and able to perform well. So, I'd like to direct you to two resources that can help you with
leaming the material in our course:

1. me firsftis aone-page summary of advice from students who have completed the couse in
e past.
These students each passedthe course with an excellent grade, ond they have shared some
of the strategies that helped them perform wellin the course.
2. Aset of leaming modules called 'The Science of Leaming fo Leam."
These modules describe leaming strategies you caon use with our course materials. Each has

been shown fo help college students learn in the past, and students who completed this
fraining scored about 4 poinfs better on their exams afterwards.

Both resources can be found on the WebCampus site for our course under the STEM Learning
Resourceslink in the left panel (and provided in this announcement, below).

| hope you find that these resources help you to leam and perform welll
Dr. Utz

2/8/16
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ADVICE FROM PAST STUDENTS ON

Tackling Anatomy & Physiology

UNLV students were asked to reflect on their experience learning in their anatomy and physiology lecture courses.
Below they described the things that helped them learn and score well — and some thatdidn’t.

‘ Plan ahead! Seek out materials early on, make a study plan,and stick to it.

“There's definitely alearning curve in biology courses, so it's good to get advice from past students. lwould recommend that students seekout any helpful
materials in thebeginningofthecourseand makea plan to usethem. For courses like anatomy that requirealot of memorization, repeated practice is key.
J ‘ Certainly read thetextbook,but then lookto thelearning objectives and thematerials theinstructor providesand plan from there— thereareusually
. onlinetools like practicequizzes to help you study. Of course, studyinglast minuteis thebiggest mistake. Spacing out studyingperiods and makingsureto
Brltney never get behind is very important. Crammingis theworst thingto doand abig reason why finals can beso challenging.

| spent lots of time rehearsing my knowledge. Quizzing myselfreally help me learn factual information.

Ve been most successful when Ispend alot oftimerehearsing my knowledge. lusually make notecardsas Iread through thechapters and test myseffusing
thenotecards every week This method is it requires timeand dedication, but it works for helpingmeremember key definitions and concepts. Usingnote
cards and onlinetools for quizzing myselfhas been great to help learn factual information. When it comes to learning systems and processes, lalso do better
when Iread thechapterand then follow up by watchingvideos on thetopicto help visualizeand solidify the concept. Overall,it's the constant rehearsal
that's been key for me.

Alexis

I learned tough concepts best when | explained them out loud to myself and to others.

“This class was hard, but Idid manageto earn aB. For me, thefirst trick was to not procrastinate. | reviewed thematerial on adaily basis so that when a

test got closer, all Ihad to do was review. This also gave me timeto ask theteacher questions duringofficehours. Second, instead of readingonly the

textbook, Ifocused on mynotes &sslides when practicing the material. If therewas somethingldidn't understand Iwent backto thebook but it was too

denseto re-read as a main study method. Finally, although I personally don't likestudyingin agroup, it was helpful for anatomyand physiolcgy as thereis a
Hermella lot to explain. Ifound that I retain theinformation better when lexplained it out loudto someoneelse.”

| used the syllabus and study guides to figure out what to know, and how well to know it.

“There isa tremendous amount of material in alecture courselike [Anatomy and Physiology]. That makes it really hard to know what topics to studyand
how wellyou need to know them. Eventually, Ifigured out that it was all right therewhen llooked at thesyllabus — thelists of learning objectives told me
exactly what content Ineeded to focus on,and whether Ineeded to beableto just nameor identify something, or whether Ineeded to beableto describe

or explain it. Once Ifigured this out, Iwas ableto study really well for tests, and it helped alot. ohn

Thoughts from an Educational Researcher Matt Bemacki, PhD UNLY College of Education|

These students providegreat advice...
... their methods helped them learn, and earn As & Bs in biology courses here at UNLV.
... thestrategies they suggest match what weknow about learning— planning, practicequizzingand self-explanation areknown tobe effective learning strategies

| hopeyou can makeuseof their advice, learn thematerial, and earn thegrade you want!

Learning to Learn

Emily’s dilemma

Realities of college life

As you've recently learned, there are two important realities that college students face:
#1 College students need to pursue many important goals at once.
#2 College courses are much more challenging than high school

Module 1: Module 2

Effective Learning Regulating the

Strategies Learning Process

Self-Testing Interpreting a Courss' | | Mental Contrasting
Spacing Study Learning Objectives Implementation
Activities Setting Good Goals Intentions
Self-Explanation Making A Plan Avoiding Distractions

Engaging in Learning

Monitoring Learning

Adapting Your
Approach 2

2/8/16
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STAY TUNED...

Prospects for improving STEM Learning

Motivation Behavior Learning

Motivational Wifling Early Wamnings Leaming fo Leamn
Adding writing prompts Provide accurate, had effects in Biology,
known to improve timely feedback fo testing underway to
motivation and sometimes ||leamers at-risk of examine scalability to
performance may improve || slower progression; other courses, disciplines,
leaming, and amplify may positively impact || modalities (online?)
effects of Learningfo Learn ([ behavior, leaming

1 |

Combination of Learning Theory + Analytic Approaches makes for a powerful tool kit.

The tools need to be continudlly sharpened, buttheir potential is immense.

30

2/8/16
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THANKS...

.. fo UNLV
collaborators

.. project advisors

.. to NSF & UNLV OIT, University Programs for Support

.. For your attention

And your questions & ideas?

Can Learning to Learn
trainings benefit your
students?

How can reports on
student activity help
faculty?

Can we build

standardized, digital
resources for FY/SY
faculty to use?

ﬁow can \

learning theory or
learning analytics
help students master
University
Undergraduate
Learning

Objechvese
understand and
inftegrate disciplinary
principles

develop skills & desire
for lifelong learning
use research & reason
to critically analyze
problems

write and speak
effectively

know and respond to

diverse perspectives
justly as active citizens

2/8/16
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How motivated are UNLV students to learng

Goals Academic Anxiety
Performance Avoidance # | | |
1 2 3 4 5 6
Perormance Appraach Perceptions of Stereotype Threat
Mastery H | | | |
N N X N N N 1 2 3 4 5 b
1 2 3 4 5 b 7
Perceived Value Perceived Cost
Utility Psychological
Intrinsic Opportunity
Attainment Effort
1‘ é C; z; é d: ll 2 3 4 5 6
Efficacy

How do these motivations relate
to achievement and retention?

Semester Intentionto Intentionto

Type of Motivation Grade Leave (Oct) Leave (Dec
Mastery Goals 0.14 =) -.32 -0.14
Performance Approach Goals -0.02 -0.04 -0.04
Performance Avoidance Goals ) -.19 -0.01 0.13
Efficacy 0.13 =) -.28 =) -.22
Attainment Value 0.02 = -.21 -0.08
Intrinsic Value 0.01 = -.30 = -.22
Utility Value 0.07 =) -.25 -0.12
Effort Cost -0.08 ) .30 mm) .27
Opportunity Cost -0.01 0.14 -0.04
Psychological Cost -0.08 0.10 0.10
Stereotype Threat -0.04 0.15 0.09
Academic Anxiety -0.12 0.14 0.12

34

2/8/16
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Progress Report

» Study 1: Completed Fall 2014
» EGG 101 (Introduction to Engineering)
» BIOL 223 (Anatomy & Physiology |)
= MATH 181 (Calculus )
= Study 2: Ongoing
= Complete twice in BIOL 223
» Data collection ongoing n MATH, EGG
= Study 3: Launches 2/15in BIOL [Uses S1 data]
» Prediction model built Summer 2015
» Model confirmed Fall 2015
» Piloting in BIOLOGY February 15

= "early warning” message fo students
= Resources to help themlearn

2/8/16
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