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Education researchers approach
teaching and learning like scientists.

AWhat does it meanto be abN Y Y I LWa B ¢ H GHlucation Research Cycle

A Giving high grades? Observe a pattern with
A Liked by students? teaching and learning
A Lecturing like a wordsmith?
A Teaching how | was taught? /
AHow do we know our students ardearning ?
Al DWHe Uk qunYWR Ut RT 1JWq 6 |; Makeinformed; 14 bt WS
A Autonomy can lead to misaligned goals. changes
A Behaviors can deceptively suggest understanding. \ /
AExamining literature on pedagogy,
Implementing research -based practices , and PUrsue
probing our classrooms can help us understand an answer

how students become motivated and learn.



Slide 3 of 44

Education research iIs
challenging but rewarding.

ASocial sciences come with uniquedifficulties .
A Qualitative analyses
A Frequent contradictions
A Lack of generalizability
A Resistance to change

AStill, education research-based teaching
methods improve learning and retention for
students at all ability levels [McKagan, 2016].

AThink of yourselves as education researchers!
What can you do in your spaces?




Across STEM fields, active learning improves studefit’
outcomes and closes gaps for underrepresented stude

AStudentsrarely learn from Am. 3. Phyloo8)
lectures or demonstrations 0.5 . . .
[McKagan, 2016]. " _Intro Physics learning gains

g 0.4 - using Force Concept Inventory
5 14 courses, 2084 students

ADespite frequent resistance & ¢ 3 - 48 courses, 4458 students
from students, active learning g
techniques consistently c 0.2 {Traditional
improve learning outcomes lecture Active learning
[e.g., Freeman et al., 2014; & 0.1
Tharayil et al., 2018]. Ty I I I I I I I I

o ‘—iA Tl||lu|r||1|I
0 Ko <r N < 0 QO J o

AOpen-ended inquiry similarly S = a4 o 4 ¥ 0 9@ N
promotes critical thinking inlab e @ <@ © °c e @ @
courses [e.d., Holmes et al., Mean normalized gain GV @l
2015; Tarr et al., 2025]. OVI cimB R @

pTimnbGl|



Knowledge structure organization affects
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both how we learn and apply what we know.

Novice

Eaqal JUqt WYnqgqldUs ®

A Know less about a subject
A Lack connections between broad concepts
A Organize course content differently

Chiet al.,
Cogn. Sc{1981)

Problem 7 (23)

disparate bits
of knowledge

Novice 1: ""These deal with blocks on an

Problem 6 (21)
incline plane™

- Lm
Novice 5: “Inclined plane problems, K = 200 nt/m |
coefficient of friction™ I,mt,w
M= Novice 6: "Blocks on inclined planes e A6 m |
with angles” |
equilibrium

Problem 7 (35)

* .
N *
\‘g@ '..

Novices categorize by
superficial features.

Expert

-

more nodes,
more connections

Expert 2:
Expert 3:

“Conservation of Energy”

“Work-Energy Theorem.
They are all straight-forward
problems,”’

Expert 4: '"These can be done from energy
considerations. Either you should
know the Principle of Conservation
of Energy. or work is lost

somewhere."”

Experts categorize by
underlying principles.



How students engage in problesulving often **°***
reinforces rote behaviors without deeper learning

: Mazur
AProblem-solving alonedoes not lead to Peer Instructio(d997)
conceptual understanding [McKagan, 2016 |, o—-0—0O
A However, conceptual understanding s ®)
can improve problem-solving ability. c 80 ® ® o @ Q ©
= r e
£ 6 - O 0 o()o
AStudents often solve problems through R
pattern recognition rather than critical 240 e @ o o 0
thinking [e.g., Tuminaro & Redish, 2007]. & ¢
5200 0@ ¢ QQQQ O
AStandard instructional scaffolding can e —
imitt gqeal JUQqHt 1'60]!/@@ fexttblityd U Conventional Problem

[Kuo et al., 2017].

Students often perform better on conventional
textbook-style problems than concept problems.



Contextual details about students, instructors, "™

and course structure affect learning outcomes.

Ambrose et al.,
How Learning WorK2010)

AStudents bring all of themselves to class.

A Prior knowledge can be leveraged
to develop more effective curricula
Smith & Wittmann, 2007; Sadler et al., 2013].

A Student beliefs about the subject impact learning
Milner-Bolotin et al., 2011; Bodin & Winberg, 2012

A Student beliefs about themselves impact learning
[Kinnischtzke & Smith, 2021; Cwik & Singh, 2022].

AClassroom environment andinstructor
attitudes strongly influence learning
[e.g., Canning et al., 2019].

ACourse context can impact observed effects

[e.g., Madsen et al., 2015; Webb & Paul, 2023].
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Implementation of relevant science communicatior’* ™
resources has been slow and highly localized.

ANational organizationsemphasize the AAPT, American Assodiation of Physics Teachers®
Importance of developingscience NATIONAL S AUSTRALIIAJC\I;’
icati ills i ngincering  _EARNIN
communication skills in students. ACADEMIES Erineering e TEACHING
COUNCIL
AStill, employer accounts suggest physics IOP AI P . soadior
graduates aredeficient in social and Insttute of Physics American Insitut chnoloa

communicative skills [Sarkar et al., 2016].
2\ £ Swedish Council for

v Higher Education f Mﬁﬂ

AHigh enrollment and limited class resources

present b_a_rriers to prpviding students ample é% ;}’;ﬁj{f‘s%gé‘\lﬁﬁgmﬁg IJPP
opportunities to practice presentation skKills.

JOINT TASK FORCE ON
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Oral and written media comprise a significant
portion of classroom science communication.

AOral presentations help students develop effective
presentation, language, and research skills
[Aryadoust, 2015].

AStudents view presentation assignments awaluable
despite any associatedanxiety [Grieve et al., 2021].

WELCOME 10

APS MARCH
MEETING

AStudents and professionals agree that MF g2
writing helpsrefine scientific thought
[Hoehn & Lewandowski, 2020].

Presentation skills
are broadly useful.
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Translation between math and physics integrates
guantitative and communicative learning goals.

AStudents oftencommunicate their

. . T i I 1 .
present understanding to instructors X::f%‘ﬁ;ﬁygg'lng
through problem -solving. 0.9 .

I

0.6

-

Bottom 1/4  Middle 1/2  Top 1/4

|-|

AMathematics and physics appear similar
but approach numbers and symbols in
fundamentally different ways
[Torigoe, 2015].

(Symb. Score) / (Num. Score)

ANovice physicists implicitly assume
Ianguages of math and physics are Introducto_ry physics students pe_rform Wworse
interchangeab|e [Torigoe & Gladding, on symbolic algebrabased physics problems
2011; Tuminaro & Redish, 2007] than on equivalent numerical problems.
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Peerpeer and peemstructor interactions  imova
can improve science communication skills. Gramuphysech

P

Alnformal peerdialogues during group problem
solving sessionscan improve learning outcomes
[Simpfendoerferet al., 2024].

AStructured feedback from instructors can facilitate
learning on par with coursework and exams
[Hounsell et al., 2008].

AProgressively consumerist students have prompted
Instructors to adopt new roles as tutors, service

providers, and entertainers [Wong & Chiu, 2019]. Instructors are creating increasingly
performative science communication in
the classroom with social media flair.
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Describe the best and worst lectures
that you have attended. Be specific!

What made their lecturing the best? What made their lecturing the worst?
A Your answers here A Your answers here




Psychology lends multiple theories
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to understand multimedia learning.

ACognitive Load Theory emphasizes the limited
capacity of short-term memory [Sweller, 1988].

ATheCognitive Theory of Multimedia Learning
(CTML)models visual and auditory processing
[Mayer, 1997].

AOther proposed theories are less developed.

A Integrative Model of TexPicture Comprehension
[Schnotz, 2002]

A Grounded cognition model [Chen & Gladding, 2014]

Intrinsic Load

ﬂﬁ* J Khurshickt al.,

L S ) J MedEdPublis{2018)

1

Extraneous Load Germane Load

, e f" Q) ,.-.-r "\/j
ﬁ e ;,;ii;
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[ .:H Ak @

E s 1J0 thidé types of cognitive load
YH#HE:2 G! WY tddk mneihbrd Y |



Successful multimedia i1Is more

than the sum of Its parts.

MULTIMEDIA

SENSORY

PRESENTATION MEMORY

/

Words

selectin

Pictures

S

Eyes

WORKING MEMORY
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Adapted from
Mayer et al.,
J. Educ. Psych{®001)

LONG-TERM
MEMORY

words

|selectingy,

images

Finite spacqorganizi

for sounds

1

words

Finite spacqorganizi

for images

Images

Verbal
Model

Pictorial
Model

integratin

Prior
Knowledge

Simultaneous

two channels

sensemaking across

Content curated to
avoid cognitive

overload

Active knowledge
construction guided
by a teacher




Adherence to CTML principles S Slide 15 of 44
a proxy for presentation quality.

APrinciples from CTML provide
a framework forunderstanding

presentation quality . Coherence:

Omit extraneous
detalls.

A15 multimedia principles:

Coherence Segmenting Voice

Signaling Pre-training Image

Redundancy Modality Embodiment

Spatial contiguity Multimedia Immersion

Temporal contiguity Personalization Generative activity _ _
Signaling:
Visually guide

learners through
content organization.

AWhich principles apply depends
on presentation context .
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Yes, short presentations can still be learoentered.

ABackward Design process
[Wiggins & McTighe, 2005]

1. What key answer(s) should your audience learn? TMTEACHING
2. How will you know if your audience understands? BUT ARE THE)
3. How will you support your audience achievement? 1 LEARN/ING i
AMinimize extraneous information. £ ’i" ==
Ae.g., Use meaningful titles. 3 [t\'_‘(;:;\;::‘;:‘
-‘f P O
ATell a compellingstory . \ A O RR

- ,/,*’J“;‘,,'ww,,:”-‘.,rj \ /-{J _
. . . . TR AR ANTAN
AMotivate through passion and enthusiasm. \) PSP FJ )
Ir),gt Y
APrepare forlapses in attention. .
AObserve and adjust foraudience cues.



Improve learning outcomes by integrating
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how people learn into slide composition.

MULTIMEDIA SENSORY WORKING
PRESENTATION MEMORY MEMORY
(T —
Words Ears ) Finite space
for sounds
Pictures Eyes |ep—jp- F|n|t_e =pacy
X for Images

Simultaneous
sensemaking
across two
channels

Content curated
to avoid
cognitive
overload

Adapted from
Mayer et al.,

J. Educ. Psychol.
(2001)

Overwhelming slide design
hinders learning.
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Design goals for instructional graphics

depend on their intended medium. Adaped from
Ambrose et al.,
How Learning WorK2010)
AKnowing how people learn from presentations Presentation
helps usdesign slides for learning . Design Triangle
Obijectives

AUsingpremade graphics seems
deceptively simple.

l - . C -t.
ADifferent considerations apply for omposition

other instructional media!
Ae.g., size constraints in printed media

Delivery
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Adapting graphics is necessary but easy.

Torigoe& Gladding,
Am. J. Phy§2011)

AWhat can go wrong? g 03 -
AMismatched content "E’ =~
AMissing context 2 06 - T
Alllegible/unclear material = |

AECt ! WgYWnR#+Ws Rq6 BI10% s Lﬂr’nﬁwﬂﬂ Y H W< q
A Ae qls DWERE 130! W Y&k qlusé 2 1Walé 13ato

Ax Dakt W W Va1 W R C Gokdndbiar T viRds: + Lhg) %

adJUSt premade graphlcs. Introductory physics students perform worse

on symbolic algebrabased physics problems
than on equivalent numerical problems.
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Adapting graphics is necessary but easy.

Torigoe& Gladding,
Am. J. Phy§2011)

AWhat can go wrong? *
AMismatched content 3o
AMissing context :
Alllegible/unclear material 3 o

AECt ! WaqVYWnR#+Ws Rq6WIics RGO WYi| [ ¢q

A Az qls WWI Rt Wa! W YUk% W6  WIWal 010

Ax Jakt W JIW YOUW Ru GU st | FeFRl 1 W@ L
adJUSt premade graphlcs_ Fig. 1. Ratio of the symbolic version score to the numeric version score for

different subgroups of the class averaged over two questions analyzed in
Ref. 1. We interpret this ratio to represent the likelihood that the students
who could solve the numeric version correctly would also solve the sym-
bolic version correctly.



Consider designing simple graphics e
that leverage our spatial senses */é
AMore artistic freedom means < N
more freedom to facilitate learning.

>

Adapted from
v Chen & Gladding,

] : Phys. Rev. ST Ph
AAlign abstract content with A
sensory-motor perception
[Chen & Gladding, 2014].

Ae.g., Thick lines, saturated colors, ]
q! GRHEcGO! WG|l HIIR21JI Wct LLI'“

ANo data? No problem!
Make atoy model.



Apparatus Experiment Slide 21 of 44

iy Parreniret al., _osaen
T I i PhyS Rev. (2021) '[.!:_zs_;_s__c_:_l T
X f SNSRI
L Vq\oms‘i --------------------------------------------
Sledge
Mcsé)r:ete '3, ’Ce
—UW
Gapono\et al., K
IEEE/ASME Trans. 7] —al ===
Mechatron (2014)
Result (b)
Tarret al.,
0 T Phys. Rev.
¥ Lett.(2024)
/ -
W AT o S
<= - Emitted 45 <F-H
<= Reflected <=

d, < d7(w) ted 4
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Xx Jakt W Rt #at + W Y
from students who took PHYS 4602
before it Included any instruction.



Proton therapy vs photon therapy

A Photon beam therapy, or traditional radiation, 1.0
delivers an Ray beam as treatment to the
patient 0.8

8l Bragg Peak

A The nature of proton energy loss ensures the §0.6 Greatar Entrande Dose
IS nO exit dose a for X-rays
(<))
A Greater entrance dose foiRdys 204
1)

A In a comparative study by JAMA Oncology, | o2
patients treated with proton therapy were mu

less likely to experience severe side effects f 0.0 | | | —
tfreatment 0 50 100 150 20.0 250 300 350 400
Depth in mm

' No Exit dose
for Protons

(Tumor
M

. —

A More research is necessary for a definitive
conclusion



Crash Course in Deep Learning (CNN)

Input image — ¢

Compared e
to truth in
e . Output
training MC Goal. Dog or Cat probabilities
“Loss”
(error)

AL SIS LSS SIS S SIS S S
. . IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII'
Differential
e olanonsal operations 1D array of discriminants
filter (kernel) dL __ dL dz
dz — dz dx All the physics
O|1|0 X “Back- ti ”
olalo|—f &) SeSPEURSEE SRS gets encoded
AR Repeat 7| hEe
/ weights ApplyrioEs .
- filters l'. :
These are . (Conv. Layer) L
trained '

(optimized)

4



https://docs.google.com/presentation/d/1h9nMumW0mWZtNdd3vgiXeFpZLMk2NN2BKQaJ6vN5vno/edit#slide=id.g57e9d87062_0_246

Machine learning workflow

Genes (31,694) Figure generated by Weights & Biases
e ——
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Machine learning workflow

Genes (31,694) Figure generated by Weights & Biases
e ——

3

(<2}

Q

@ Gene

‘é’ Expression

S Matrix

o

Viruses (3)
—-

Virus
Abundance

& " Virus
M atri X Matrix

Runs (53,695)




Machine learning workflow

Genes (31,694) Figure generated by Weights & Biases
——

<
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e

@ Gene

Té’ Expression

= Matrix

o

Viruses (3) o
Matrix
in
o
Qo
™
% .
:;; Virus Virus i
c |Abundance anvleft to Presence \’clruts' 2
= . oolean : atrix
04 Matrix Matrix
Virus 3
Matrix




Runs (53,695)

Machine learning workflow

Viruses (3)

—_—

Virus
Abundance
Matrix

ﬁonven to
boolean

Virus
Presence
Matrix

Genes (31,694)

Train model

Figure generated by Weights & Biases

/ Gene

(XGBoost Classifier)

Train model

3

L))

o

] Gene

%t | Expression

c 2

S Matrix

o
Virus 1 Train/test
Matrix | split on data

(scikit-leam)

Virus 2 ﬂ;ain/test
Matrix

——{ split on data
\ (smkmlemy

Virus 3
Matrix

Train/test

/ importances

Gene

(XGBoost Classifier)

Train model

—| split on data

(scikit-learn)

/ importances

/ Gene

(XGBoost Classifier)

)W

importances




Runs (53,695)

Machine learning workflow

Viruses (3)

—_—

Virus
Abundance
Matrix

/ Convert to

boolean

Virus
Presence
Matrix

Virus 1
Matrix

Genes (31,694)

Gene
Expression
Matrix

Runs (53,894)

Train/test
split on data

(scikit-leamn)

Virus 2
Matrix

—* split on data
(sc:kmlealy

ﬂ;ain/test

Train model
(XGBoost Classifier)

Train model

Virus 3
Matrix

Train/test

(XGBoost Classifier)

Figure generated by Weights & Biases
g rate A _depth wab NG

wal_koss

—| split on data

(scikit-learn)

(XGBoost Classifier)

Optimized / Averaged
hyperparameter . gene
swee fi
(Weights & Bgses) /lmportances
Optimized / Averaged
hyperparameter gene
swee .
(Weights & Bgses) /lmportances
/” Optimized ™\ / veranod
hyperparameter

sweep
(Weights & Biases)

gene
/ importances




Machine learning workflow

Genes (31,694)
—

3

(=)

@

@ Gene

‘2’ Expression

E Matrix

Viruses (3)

—_— it

Virus

y
viras : Train/test Opiknized Averaged
Abundance Convert to Presence Virus 2 fones Train model hyperparameter gene
. \ Sp“t on data o (XGBoost Classifier
boolean Matrix )
Matrix Matrix (scikit-earn)

SNesp / importances
\J

Runs (53,695)

(Weights & Biases)
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Public speaking ranks highly among common fea

Adapted from
Dwyer & Davidson,
Commun. Res. R€@012)

Name your top 3 fears

Financial problems
L]

Heights | —

Loneliness -

0% 10% 20%

m Self-identified women (n=416)
m Self-identified men (n=372)

Check all items that make
you fearful or anxious

Death
Public speaking

Financial problems
Heights

!

Loneliness

0% 30% 60%

m College students in 2010 (n=815)
B American adults in 1973 (n=2543)
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Novice public speakers often face 3 main challen

/ /'
iy
-

CONFUSED CHEERFUL

)/
/
-~

FRUSTATED EXCITED PROUD

Organization Delivery Anxiety
(Verbal and nonverbal)
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A compelling narrative helps structure complex materi

AHook your audience with

| Yel WaighiHdamktd + LU f .'
< g
AKeep thebig picture at the forefront, Engaging hook Premise
especially during the detailed middle. Clear topic  Background
Ambx ¢ Ul LWWa geidtiGs ¢ U 1J LW @
TDr. Mary Peek, CHEM 4601 at GT
A Succinctly restate goal(s) Significance Goal

and take-home message.

AAvoid abrupt endings and First -3 slides,
introducing new concepts. not counting title
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Conversations are more engaging than lectufeés.

ADeliver a talk like an
elevated conversation .

A Avoid memorizing or reading a script.

A Show your passion, tell a story.

ALimit filler and jargon.
Alf jargon is absolutely necessary,
define briefly and leave onscreen.
AUse silence to your advantage.

ANonverbal cueshumanize
and maintain attention.
AEye contact AFacial expressions
AGestures AVoice modulation

Too many nonverbal cues
can be distracting.
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Own your talk! Combat anxiety with focused cont

ATrust is the default. Ground yourself with this truth.

ARelieve excess energy by pacingjowly
and gesturingmeaningfully .

AKeep water nearby.

ARehearse, butdo not memorize .
A You know more than you think you do.

AFamiliarize yourself with the space in advance.
Aldentify friendly faces in the audience.

A Techniques adapted from psychotherapy:
A Personal Report of Communication Apprehension ) . _
[McCroskey, 1982] f gkt WYt cl! Wa
A More resourceson Dropbox[Ayres & Hopf, 1989; Just breathe.
Wolpe, 1968; McCroskey, 1972]



https://www.acrossculturesweb.com/unit1/prca.html

We 0| | conti nue

Georgia
Tech
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Students have dual roles irthe physics and
biochemistry communication courses at GT.

PHYS 4602 (1 credit hour) CHEM 4601 (2 credit hours)
A Typical semesterly enrollment: 4650 A Typical semesterly enrollment: 3036
A One uncapped section A Two sections capped at 18 each
A 39% 4h-years, skews younger A 48% 4h-years, skews older
05 PHYS 4602 Enroliment CHEM 4601 Enrollment
p Nmt=54 Z Nmt=21
e, e,
Q Q
N N
< 0.25¢} < 0.25
= =
O O
Z Z
0 . . . A 0 . . . . N
1 2 3 4 5 6+ 1 2 3 4 5 6+
Year at GT Year at GT

Demographic information is limited to students who filled the survey.
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Students have dual roles irthe physics and
biochemistry communication courses at GT.

PHYS 4602 (1 credit hour) CHEM 4601 (2 credit hours)
A Typical semesterly enrollment: 4650 A Typical semesterly enrollment: 3036
A One uncapped section A Two sections capped at 18 each
A 39% 4h-years, skews younger A 48% 4h-years, skews older
A Minimal external SciComm experience A Minimal external SciComm experience
A Highly varied instruction each semester A 2 hours on slideshows, 1 hour on posters
Students as presenters Students as presenters
A Students present1x per semester. A Students present4x per semester.
A One 8min presentation + 2min Q/A A One 4min presentation (No Q/A)
A Topics: research at GT, summer internships, A Two 20min presentations + 5min Q/As
upper-division course topics A One poster symposium + imin elevator pitch
A Topics: journal articles within last 7 years
Students as observers Students as observers
A Randomly assigned written A Immediate oral feedback per presentation
peer evaluations per presentation
A End-of-class quiz on concepts A End-of-class reflection activity

nl YOWagéc¢eaqll ¢! kKt WG 13t 13 UvaklusmpoYelglll ¢ ! k+ WGI W3t JUqca



Across semesters and departments, students value di
Instruction on and practice with presentation skills.

APHYS F23: W1 Syllabus review

Au f q FOdwouldbénéelpful to haveone or two days of class going over that. Learning how
to pick out the key ideas from your slides, presentlng them in one sentence, and just talking
CHY2 qlos 6! lOq6 ¢ qbt ORAIGY! q¢ Uaqu gCo

APHYS Sp24: W1 Intro to science presentations, W2 Presentation workshops

A Students valued guidance on presentation structure and techniques.
A Workshops overstayed their welcome and did not effectively simulate public speaking.

APHYS F24: W1 Syllabus review, W2 Intro to science presentations
A Interesting butnot enough time for meaningful learning.
A Not useful or engaging for people witlprior experience .

ACHEM Sp24 & F24: W1 Science presentations, \WScience posters
Ay ctlonYYI IORUqI YI & HaRY ex@kitiqns K I 2081V £ 106 & 10C Ué KD

H1J 1Ot 1 q 02 G n keeplhe Kidiansel@ngiEged o, CO Slide 33 of 44



PHYS Sp25 students praised many aspects of researc

based instruction but still saw room for improvement.

APHYS Sp25: W1 Intro to science presentations, W2 Slide design,
W3 Presentation workshop, W4 Slide critique, W5 Public speaking

Tally Intro Slide Design | Workshop| Slide Critique |Public Speaking Ambiguous
Positive 1 9 4 1 5 5
Mixed 0 1 1 1 1 4
Negative 0 0 1 4 0 1

A Students appreciatedlearning slide designguidelines (e.g., animations, text and

graphic usage) andoracticing implementation with the hands-on activity.

A Students found the workshopuseful for building their slides and gettingfeedback ,
though some felt it was too soon to focus on slide specifics.

A Students werefrustrated by critiquing one key slide because it led tarrelevant

feedback built on incorrect assumptions about the broader presentation.

A Students embraced the speaking challenge asitially scary but very helpful .
Some requested more feedback and exposure to further build confidence.
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In PHYS 4602, presentation quality remains rougtify” “
constant throughout semesters regardless of intervent

Instructional classes 7t V4 o=
® Individual presentations| =, o)
-e-Mean per week =2 * pi® * £ 7 o
Q T|l®
S |5 . 313 & . . X
o3 s Ol o Q ®©
S|a S |2 O e ev 0 e 0D e
g Sl & N\
e S c|oiQ® £
@ |=, ¢ D15 oo s
Oldn: ol 7 »
= 18 Sp24
0 1 1 1 1 1 s 0'| L] |p 1 ]
7 : L} 1 L} 1 L L L} 7.I= L] ] ‘l
> O O
Zl2ia =\ o .
S|e Zie ‘e ° S 8:C: o d:’ S A S
Sl3:0 A A o|lo:D o Tiw & F
Cla=:® clw:-9V: c:'S5: 0 ¥
Slaid S|leiviggig PNA
S|2ies ro\ \—q\o/ ° S |o3: 0% g 2 .\o/ 2
Clo: o \/ Cle: B:digi= =
Dl=: = o ° ° ° o|2:=2:='9 . 0o : O
>3 2|20 %S »
o & o ° X |8 O.:| ® Section A
ol ] F24 | 0__| A SectlonB Sp25
12 3 45 6 7 8 91011121314 1 2 3 4 5 6 7 8 91011121314

Week Week



Researchbased instruction helped PHYS 4602 ~“”**
students in Sp25 significantly outperform earlier stude

= [Fai 23 N, =32 Spring 24, N, _ =17
i®)
(]
N
= 025} {1 |
E m
@)
ya

0 .

0.5 r . : .

< ||— Fall 24, N, =23 Spring '25, N, =35
o)
4]
N
< 0.25
-
O —
Z

0 ‘ |
0 7 0 -

# CTML principles obeyed # CTML principles obeyed



Researchbased instruction helped PHYS 4602 ~“”**
students N Sp25 S|gn|f|cantly outperform earlier stude

w Falll '23, N, = 32
KW test: p = 0.02 mm Spring 24 N =17
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One-sided MannWhitney U tests with Bonferroni corrections suggest that Sp25 students outperformed F23

N TWibxs c& Yand F241 18 pds  c& Qstudents but not Sp24 studentsif T bds PR V.
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Researchbased instruction helped PHYS 4602 ~“***
students IN Sp25 S|gn|f|cantly outperform earlier stude
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In CHEM 4601, presentation quality stays "
roughly constant per presentation type.

Instructional classes
® Mini-seminars (4 min each) m First full seminars (20 min each)
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In CHEM 4601, student presentation quality
iImproved significantly after the MBeminar.

Mini-Seminars (Sp24 & F24) First Full Seminars (Sp24 & F24) Second Full Seminars (Sp24 & F24)

0.5

N, = 28 N, =28 N, =26

0.25F

Normalized N

# CTML principles obeyed # CTML principles obeyed # CTML principles obeyed

One-sided MannWIjitneyUtests suggest that students did improve from the MiHBeminarvto the First Full
Seminar §§ T8t TilRds o® P but not from the First to the Second Full Seminan( 1@ bgds T QO



There are a variety of methods that teachers can use |
help significantly improve student presentation skills.

)
=z
o
N
= 0.25F
% mes CHEM 4601 (Sp24 & F24) Mini-Seminars, N, | =28
Z wem CHEM 4601 (Sp24 & F24) First Full Seminars, N, =28
wem CHEM 4601 (Sp24 & F24) Second Full Seminars, N, =26
0

# CTML principles obeyed

One-sided MannWIjitneyUtests suggest that students did improve from the MiHSeminarvto the First Full
Seminar §§ T8t TilRds o® P but not from the First to the Second Full Seminan( 1@ bgds T QO
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There are a variety of methods that teachers can use |

help significantly improve s

Normalized NS

0.25F
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One-sided MannWhitney U tests suggest that students did improve from the MirEeminar to the First Full

Seminar ¢ T8t TS o® P but not from the First to the Second Full Seminan( & bgis 1@ @
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tudent presentation skills.

Research-based instruction in PHYS 4602
Sp25 helped students deliver presentations

with comparable quality to those by
students with multiple opportunities for
practice and feedback in CHEM 4601.

e CHEM 4601 (Sp24 & F24) Mini-Seminars, N, = 28
e CHEM 4601 (Sp24 & F24) First Full Seminars, Ntot =28
wem CHEM 4601 (Sp24 & F24) Second Full Seminars, Ntot =26
mem PHYS 4602 (F23, Sp24, & F24), N, =72

PHYS 4602 (Sp25), N, =23
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Random assignment of presentation dates may disadvantac
students who recelive large gaps between presentations.
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Random assignment of presentation dates may disadvantac
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Random assignment of presentation dates may disadvantac
students who recelive large gaps between presentations.
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Random assignment of presentation dates may disadvantac
students who recelive large gaps between presentations.
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Random assignment of presentation dates may disadvantac
students who recelive large gaps between presentations.
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Across PHYS 4602 semesters, student quiz performar

IS linked more to prior exposure thattiass reflection.

Rubric: Full credit =2 / Partial credit=1/No credit=0
2 | |

N, = 945 N, =997
N, = 980 N, =928
p=0.26 p < 0.001

Mean score
|

Peer evaluation Prior exposure Slide 41 of 44



Across PHYS 4602 semesters, student quiz performar
IS linked more to prior exposure thattiass reflection.
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Some students found writing peer evaluatiori
to be helpful but rarely engaged in-seffection.

Positives

A Students believe theypaid better attention to loresentations
because they knew they needed to comment later.

A Completion -based grading promotes honesty and relieves stress.

A (CHEM) Students appreciated the time tinternalize public feedback N
and identify presentation strengths and weaknesses.

A (CHEM) Though some found their own reflections repetitive
and tedious, they also felt therepetition might be helpful.

25

Negatives
A(CHEMZ Many admitted that they Y Uk q LI [Whdd prapEring t LU N = 12
A (PHYS)ew students used the peer evals as apringboard for
Introspection, instead filling the forms as a quid pro quo.
disappointed that they mostlyreceived standardized platitudes . Students largely opposed
A (PHYS) Most felt thesrompts were too positive and specific the suggestion of grading

and instead expect to have learned simply by writing it down.
A (PHYS) Many hoped for varied, actionable critiques and were grading
and would have preferred space to write general comments. peer evals on merit.



Across PHYS 4602 semesters, students learn slightly
from presentations that follow certain CTML principles

Q : # presenters Sub 0: Corresponding presenter did not follow the principle Q Effect size
€. # quiz submissions Sub 1: Corresponding presenter did follow the principle Q @Mayer, 2021]

Multimedia Design Principle

a a4 & ¢ Q Qe

Coherence: Omit extraneous, seductive details.
Signaling: Visually guide learners through content organization.

VO VP PIITXYX Y T C TBIU TEQ
PP cwpomuvpcm T TEUL T M

Redundancy: Avoid text that is redundant with narration orimages. X v 6 ¢ poX W T @ TP O TEIUL T C

Spatial Contiguity: Place corresponding slide contents nearby.
Modality: Complement graphics with narration, not text.
Personalization: Use a conversational, informal style.
Embodiment. Augment instruction with dynamic expression.

COXUY TOOPTYPYwTBILOTEIL T T C
TP @O YTMPPPCTITAIXUTAIT @ PA T
TT @0 Youpnmwnmg ¢~ 18U P
CQ@ XP QOXPGCULUUBIWT TBIT P T Y

‘Nomdtern mT@tp A T@imp
A CTML studies rarely occurred in the classroom. A Large intrinsic cognitive load in this course

A Prerecorded, heavily scripted presentations
A Presentations lasted under 2 min; 810 s per slide
A Psychology Subject Pool at UCSB

may reverse Redundancy principle.
A PER emphasizes multiple overlapping visual

representations [Opfermannet al., 2017].
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There are no researgchalidated standards |PER
for science communicatioyet. @G
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AHOW can we support student success if we
| YUKk qWedsc!t WaUI Wl q¢cUl WsE¢callt e mdmHIIE

A Remember, coursecontext and climate matter!
A Even without scientific consensus,many communication tools work.
A Study the literature hard butyour classroom harder.

AOngoingchanges to PHYS 4602are working.

A Improved presentation quality as measured by CTME) (T8t ).

A lmproved student attitudes toward PHYS 4602)( 1@t {
and learning science communication at GTr{ 18t V.
Presenter: Steven W. Tar
steventarr@gatech.edu

' |
ATeach like a researcher! For group information,

visit https://per.gatech.edu/






Structure

Instruction

Presentation_
schedule

()

[ ¢ O 0 WK

(Prof. 1)

rr

O EGI RUN
(Prof. 2)

LLIK

P N\

[ ¢ O O LW
(Prof. 3)

M EGI RUDN|L
(Prof. 2 & Tarr)

1 section, no enrollment cap

2 sections capped at 24

0 instructional days

4 instructional days

1 instructional day

5 instructional days

4 presentations/class

3 presentations/class

Self-selected dates

Randomly assigned dates

Self-selected dates

Randomly assigned dates

Instructor
feedback

Peer
feedback

Peer eval
version

Quiz

guestions

1 presentation/student

1 live, 1 recorded /student

1 presentation/student

Posted to Canvas

Delivered privately

EG¢ RUONI Wbl Ng

LLI H Biekivieredslive

None

Peer evaluations returned the following week

Tarr: Live peer feedback

First iteration

EUHYUI WRaqWI ¢qRYULWbIC qlW

Students submit M WpHE Y Uq 13U q b WAWLBE G

Students submit 2 uncategorized questions




Instructional frequency alone does not account for whi
items Sp25 students outperformed earlier students.

Likelihood of principle usage

Multimedia Design Principle

Coherence (Co): Omit extraneous,
seductive details.

Signaling (Si): Visually guide learners
through content organization.

Redundancy (Re):Avoid text that is
redundant with narration or images.
Spatial Contiguity ( SpCt): Place
corresponding slide contents nearby.

Modality (Mo): Complement graphics
with narration, not text.

Personalization (Pe): Use a
conversational, informal style.

Embodiment (Em): Augment
instruction with dynamic expression.



