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This presentation is being recorded. The recording
and slides will be available in the coming week at
https://aaas-iuse.org

Please note: The discussion break-out groups following the
presentations will NOT be recorded.

This material is based upon work supported by the National Science Foundation (NSF) under Grant No. DUE- 1937267. Any opinions, findings, interpretations, conclusions or recommendations
expressed in this material are those of its authors and do not represent the views of the AAAS Board of Directors, the Council of AAAS, AAAS’ membership or the National Science Foundation.
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Closed Captioning:

To download the transcript or view the full transcript, please click the
“CC” button at the bottom of your screen.
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Some statistics from tech world

e Only 4.8 % of technical roles are held by Hispanic employees, 2.4 %
by Black employees and 25.8 % by women at Meta (2022)

e Of Google’s technical roles in the US, 1.2 % are held by Black women,
1.3 % by Latina women, and 0.2 % by Native American women (2023)

e Only 6.5% of Google’s global employees(technical and nontechnical)
report having a disability, whereas World Health Organization
estimates that 16% of the world’s population experience significant
disability (2023).

mdogucu.github.io/aaas-iuse



Some Problems with Tech Tools

e Statistical translation tools (e.g., Google Translate) yield male
pronoun defaults more frequently (Prates et al., 2019).

e Facial recognition algorithms are much less accurate in identifying
women than men, and darker-skinned people than lighter-skinned
people(Raji and Buolamwini, 2019).

e Autonomous vehicles fail to recognize behaviors of people with
disabilities (Disability Rights UK, 2021).

mdogucu.github.io/aaas-iuse



We must design accessible
and inclusive data-

Intensive courses to

prepare a future data
workforce that is diverse.
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Teaching
Accessibly
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Alicia Johnson Miles Ott

Macalester College Tubi
® ajohns24.github.io/portfolio W Miles_Ott
() ajohns24 () MilesOtt

@ mastodon.social/
@Miles_Ott@aus.social
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Goal:

Write a Book on Bayesian Statistics that is
Accessible and Inclusive

mdogucu.github.io/aaas-iuse



= Bayes Rules! An Introductionto QR {bayesrules}
Applied Bayesian Modeling

mdogucu.github.io/aaas-iuse



Dogucu, M., Johnson, A. A., & Ott, M. (2023). Framework for Accessible
and Inclusive Teaching Materials for Statistics and Data Science Courses.
Journal of Statistics and Data Science Education. 31(2), 144-150.

mdogucu.github.io/aaas-iuse
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Open-Access

e Costof books and supplies for a student at a four-year university in
2021 was estimated to be $1240 per year (Hanson, 2021).

e About 11% of the students indicated that they skipped meals in order
to afford books and course materials (Hanson, 2021).

e The bayesrulesbook.com page has been accessed from more than
150 countries.

mdogucu.github.io/aaas-iuse
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Assistive Technology

Assistive Technology is any form of technology (software, device) that
helps people with disabilities perform certain activities.

Examples:

e walking sticks
e wheel chairs

e screen readers

mdogucu.github.io/aaas-iuse
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Screen reader

A screen reader is an assistive technology that supports blind or visually
impaired people in using their computer.

mdogucu.github.io/aaas-iuse
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Using A Screen Reader




Alternate Text

“Alt text” describes contents of an image.

e [tisusedin HTML pages.

e Screen-readers cannot read images but can read alt text.

Alt text has to be provided.

mdogucu.github.io/aaas-iuse
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& rstudio [ rmarkdown  Public

<> Code () Issues 179 10 Pullrequests 15  (® Actions [ Projects ‘2 [0 Wiki @ Security |~ Insights

Feature request: fig.alt as a chunk option #1867/

O 3 tasks done mdogucu opened this issue on Jul 19, 2020 - 14 comments

mdogucu commented on Jul 19, 2020

In addition to using ! [alt text][id] to write alt text it would be very useful to have fig.alt option for code chunks that could
write the alt text for a figure. Unfortunately, with the current state of things, the figure caption and alt text is the same when
used in code chunk. Thus, when using a screen reader only figure caption is read by the screen reader. However, for visually
impaired readers, often further description of an image is needed. An example of what | have on my mind is provided below
with modifications to the code provided in the R Markdown book:

***{r mtcars, fig.cap = "Another amazing plot", fig.alt = "The scatter plot has hp on the x axis and mpg on th«
plot(mpg ~ hp, mtcars)

mdogucu.github.io/aaas-iuse
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Making math accessible

e Should calculus be a prerequisite?

e Checkingintuition with active learning quizzes.

e Supporting mathematical concepts with computing.

mdogucu.github.io/aaas-iuse
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Making learning fun

How can we live if we don’t change? —Beyoncé. Lyric from
“Satellites.”

VS.

What is probability?

mdogucu.github.io/aaas-iuse
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Embracing mistakes as part of learning

As you read the book and put Bayesian methodology into practice,
you will make mistakes. Many mistakes. Making and learning from
mistakes is simply part of learning. We hope that you persist
through the struggle of learning so that you can contribute your

unique insights, perspectives, and experiences to the Bayesian
community.

V.S.

The proof is obvious.

mdogucu.github.io/aaas-iuse 19



Making learning relevant
with diverse set of
applications

e Weather

e |GBTQ+ anti-discrimination laws
e Spotify data

e Hotel bookings

e Penguins



Teaching
Accessibility
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A brief timeline of knitr

initial (.:ommit alt-text featu.re requested

Oct 2012
Jan 2021

Oct 2011
July 2020

first downloa?j from CRAN feature 5vailable

Between first CRAN download and alt-text feature request, there were
22,622,426 CRAN downloads of knitr.

mdogucu.github.io/aaas-iuse
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Developers
Create Tools
with no
Accessibility
Support

Data
Scientists
Create
Inacessible
Products
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Curriculum
Does Not
Teach
Accessibility

Developers
Create Tools
with no
Accessibility
Support

mdogucu.github.io/aaas-iuse

Data
Scientists
Create
Inacessible
Products



ZTTTTIN

teach access

Supported by the Teach Access
network.

Supported by NSF HDR DSC award
#2123366

mdogucu.github.io/aaas-iuse
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JooYoung Seo
University of Illinois Urbana-Champaign

@ jooyoungseo.github.io/
() jooyoungseo
W seo_jooyoung
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B Introduction to Data Science Course Website

mdogucu.github.io/aaas-iuse
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Curriculum Goal

As educators, we have to ensure that the current and the next
generation of data scientists, provide public-facing outputs (websites,
analysis reports, etc.) that are accessible.

mdogucu.github.io/aaas-iuse
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Learning Objectives

e Students should get familiar with Americans with Disabilities Act

and/or United Nations Convention on the Rights of Persons with
Disabilities.

e Students should use at least one assistive technology (i.e. screen
reader).

e Students should consider different representations of data.

mdogucu.github.io/aaas-iuse 30



Data Visualization - Colors
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Color Blindness Simulator
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Okabe-Ito Color Palette

#000000

#FOE442
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Resources

Color Blindness Simulator You can upload any image and in return get
an image with colors that would be visible to color-blind people with
specific color vision deficiency.

Okabe-Ito 2008 Color Universal Design. Color palette that is color-blind
friendly.

Okabe-Ito color-palette Color codes for Okabe-Ito palette.

mdogucu.github.io/aaas-iuse
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Data Verbalization

We can verbalize data via alternate text.

o
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speed

The speed of cars (mph) and the distances (ft) taken to stop
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Sy
#| fig-cap: "The speed of cars (mph) and the distances (ft) taken to stop"

#| fig-alt: "The scatterplot shows speed ranging from about 0 to 25 mph on the x-axis
plot (cars)




Manual Alternate Text

e Charttype e Description conveys meaning in

e Type of data the data

e Reason forincluding the chart  ° Variables included on the axes

e Scale described within the
description

e Link to data or source (notin alt
text but in main text)

e Type of plotis described
Cesal, 2020

Canelon & Hare, 2021

mdogucu.github.io/aaas-iuse 38



Alternate Texts are Under Utilized in the
Data Science Community

“Over the 3 years of TidyTuesday, there were 7,136 data viz tweets and
only 215 (3%) of them had alt-text”

Canelon & Hare, 2021

mdogucu.github.io/aaas-iuse

39



» 0:00/0:06




Data Tactualization

Data tactulization refers to making data visualization in a form so that it
can be touchable. The video shows printing of a tactile boxplot.

Making Tactile Graph Using Swell Form Machine

mdogucu.github.io/aaas-iuse
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library(tactileR)
brl begin(file = 'tactile.pdf',
pt = 11,
paper = 'special', font='BRL'

hist (airqualityS$SOzone)
brl end()




Different representations of data is one way of introducing accessibility
to students but it is not meant to be a complete introduction to
accessibility.

Seo, J. & Dogucu, M. (2023) Teaching Visual Accessibility in Introductory
Data Science Classes with Multi-Modal Data Representations Journal of
Data Science. 21(2), 428-441.

mdogucu.github.io/aaas-iuse
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Accessibility is for
everyone.

mdogucu.github.io/aaas-iuse



QUESTIONS?

@ minedogucu.com

¢) mdogucu

W MineDogucu

@ mastodon.social/@MineDogucu
) minedogucu

mdogucu.github.io/aaas-iuse
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Improving Undergraduate Scientific Explanations: Exploring
the Role of Data Literacy Skills in Scientific Reasoning

Kathleen Browne, Andrea Drewes, Gabriela Smalley, Rider University; Sage
Lichtenwalner, Rutgers University

Coastal Pioneer Array Data
— Chlorophyll_a
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Plan

e Background for our NSF project
e Some preliminary results
e Share resources developed

Acknowledgements: Programs that influenced our project

e Oceanographic Observations Initiative (OOI) Data Explorations & Lab Manual
Projects

Environmental Data Driven Inquiry & Exploration Exercises (EDDIE) project
NSF I[USE program

Next Generation Science Standards for K-12

Ours students!



https://datalab.marine.rutgers.edu/
https://serc.carleton.edu/eddie/enviro_data/index.html
https://new.nsf.gov/funding/opportunities/improving-undergraduate-stem-education-directorate
http://www.nextgenscience.org/

ed to help students develop their scientific reasoning revea

nced by Next Generation Science Standards (NGSS Lead Sta
Ifics re: explanations using evidence

rimented with adapted resources with limited improvements
ally added data literacy skills development with positive early r
lized and tested instructional plans for the NSF IUSE grant pr



Evolution of my efforts to develop students’ scientific reasoning

Why...?

Explain why....
Why...? Explain

Why...? Expl3
clear or undet
give the reasc

WhY- ..? EX If students could articulate their struggles....  |©
clear or unq What is in an “explanation”? of:

to give the reasons 1o TO exprainm, you Wit
need numerous sentences.

to




9-12 Science Practices: Constructing Explanations
Constructing explanations and designing solutions in 53—
12 builds on K-8 experiences and progresses to
explanations and designs that are supported by

multiple and independent student-generated sources

of evidence consistent with scientific ideas, principles,

and thearies.

» Make quantitative and/or qualitative claim]
regarding the relationship between dependent and
independent variables.

l Construct and revise an E:Elanatiodbased on valid
and reliablp evidence obtained from a variety §f
sources (including students” own investigations,
maodels, theories, simulations, peer review) and the
assumption that theories and laws that describe the
natural world operate today as they did in the past
and will continue to do so in the future,

= |Apply scientific ideas, principles, and/or evidencefto
pravide an explanation of phenomena and salve
design problems, taking into account possible
unanticipated effects.

4 Apply scientific reasoning, theory, and/or models to
link evidence to the claims to assess the extent to
which the reasoning and data support the
explanation or conclusion.

* Design, evaluate, and/or refine a solution to a
complex real-world problem, based on scientific
knowledge, student-generated sources of evidence,
prioritized criteria, and tradeoff considerations.

www.nextgenscience.org/

K-12 Next Generation Science Standards (NGSS)
Claim- Evudence Reasonmg [C-E- R] Rubric

.. problem.

R Evldence

. clusion that answers
~the original questmn/

Scientific data that

“supports the claim.

The data needs to be .
appropriate and sufficient
to support the claim.

: Reasonlng

A justrﬁcatron that connects the
‘evidence to the claim. It shows
" why the data counts as evidence

by using appropriate and
suffrcnent screntn‘“ ic pnnctpfes

' Does not make a claim, or
‘0 makes an inaccurate claim.

© “Makes an accurate but
. incomplete claim.

LEVEL
) .‘\'/"a:'r__l_gffs.:'fr_om 1to5

o complete claim.”

MacNelll et al 2006

,Makes an. accurate and

. Does not provide evidence, -

or only:provides inappropriate
evidence (évidence that does

“not support claim).

Provides appropriate, but

" insufficient, evidence to

support claim. May include

“-some inappropriate evidence.

" Provides abpropnate and. :
sufficient ewdence to support

'--lalm.

Does not provide r_easonmg, or only
provides inapproptiate reasoning. -

Provides reason,__in:gl that connects
the evidence to the claim.
May include some scientific

-principles or justification for.
 why the evidence supports

the claim, butnot -~ -

o sufﬂcrent[y

L Prbvides reasonmg that connects

thé evidence to the ‘claim.

Iincludes-appropriate and
o :_suff[cnent ‘sclentific principles. o
“explain why the ewdence supports
" the clalm o



and volcanoes provided for the area near the west coast of
f plate motion is occurring using both drawings and words to ex
provided in your explanation.

sets provided regarding plate margin activity, describe each set thorough
m-evidence-reasoning approach, respond to the following: How are the
ries depicted similar and how are they the same?

ssays are worth quite a few points. A short essay if succinct and well compos
could earn all points. But typically, a 1-2 sentence response does not earn ma

note the use of the term “explain” in my question. Students sometimes ignore
mend you keep in mind the meaning of the work “explain”:

INr:]_to qi\f/e the reason for or cause of; to show the logical development o
ships o

ally important!

ill wasn’t satisfied..... how to use “evidence”??7??



D-C-E-R Framework

Modified from McNeill & Krajcik, 2012

= describe data (trends, patterns, ranges, outliers,
similarities, differences, etc.) [Data Descriptions-D]

= draw conclusions about the data and relevant
phenomena, [Claim-C]

= and support those conclusions with scientific
reasoning that includes proper evidence tied to the
students’ understanding of relevant science concepts
[Evidence-E and Reasoning-R]



Improving Undergraduate Scientific Explanations:
Exploring the Role of Data Literacy Skills in Scientific Reasoning

NSF IUSE Grant, [ID 2021347] 2020-2023, Level 1, Engaged Student Learning Track

Course Information Data collected (Spring 21 - Fall 23):
* Introductory Oceanography « Data Exploration Activities (4 per semester)
course, Rider University, NJ o Intervention group °”'yk
_ - _Croup & Individual wor
* Class size: ~30 students « Exam Essay Questions related to data
 First-year to seniors Interpretation (3, one per exam)

Science and non-science majors|® Pre/Post semester surveys (*modified):
. : A A o OCK: Ocean Concepts Knowledge Survey
Sections using intervention o VLAT*: Visualization Literacy Assessment Test

strategies (with data exploration o LCTSR*: Lawson’s Classroom Test of Scientific
N ) R i

activities) and sections for il L1

comparison (lecture only)

e Student Interviews



Coastal Pioneer Central Surface Mooring
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Select variables to show: Significant Wave Height (m)

Wind Speed (m/s)  ¢—————= Can turn off and on data sets

O Barometric Pressure (mbar)

Can zoom in and out
along X-axis

(Y-axes scales
change)

This data is from the Central Surface Mooring at the OOI Pioneer Array.
View location on Google Maps or OOI.

https://datalab.marine.rutgers.edu/explorations/rider/waves.htm

© 2021 Rutgers University, Rider University IUSE Project


https://datalab.marine.rutgers.edu/explorations/rider/waves.htm
https://oceanobservatories.org/data/

e Experiences

-

https://datalab.marine.rutgers.edu/explorations/rider/ Toggle Layers

+ . , B P & Seafloor Age
Cias ns and depths A
- 9 | Plate Boundaries
5 : - T Volcanoes
- o @ 0% Vg b ' i /. Large Earthquakes, 5.5+, 20

% o W7 w 5 5 §| years
: ‘d 1 All Earthquakes, 0+, 30
days

. M Bathymetry/Topography
Sea Floor Age toggles off and on e Ny el ) PP AL s:,“m‘"
IO e et gl > -

Bl 0w
. 0w
Bl eova
ol 20w
. 2o va
o vs
. 0 v
. ovs
| 1000 Km - P . . o0 va
1000 km _ : Leafiet | Topography data from Global Muiti-Resolution Topography (GMRT) 0z
Data Sources | RN

[N
Bathymetry and topegragty from Global Mutl-Resoluton Topography Data Synthesis (1 T Earthquake Depths .y

Seafoor Age (Mulker &1 8l 1997 Proviced I . s
Plale boundanes $om Peter Bird (20 : ary Geopbyscs Geosystems. Avalabie oa GitHub ® <30 km .
\oicanoes trom NOE! Vakeano Loc atanase @ 30-70 km .

Eamnguakes from USGS Eanhguakes @ 70-200 km

« Large earthquakes catase! includes quakes greater than magniode 5.5 flom 111/2001 to /12021 Voicanoes

® 300+ km
o Al e3MMQuaiss dalaset INCHCeS quakes grealar than magndude O from January, 2021 only 300

© 2021 Rapsgers Univarsty, FRodel Urswersaly 1208 Promet > Volcano


https://datalab.marine.rutgers.edu/explorations/rider/geology.htm
https://www.gmrt.org/
https://serc.carleton.edu/sp/library/google_earth/examples/49004.html
https://github.com/fraxen/tectonicplates/
https://www.ngdc.noaa.gov/hazel/view/hazards/volcano/loc-search/
https://www.usgs.gov/programs/earthquake-hazards/earthquakes

North Atlantic Argo Float CTD Profiles
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Select profiles to plot: Near Polar (54°N) Temperate (36°N) Tropics (12°N)¢———

These profiles were collected on June 1-2, 2019. You can also view a map of profile locations.



https://datalab.marine.rutgers.edu/explorations/rider/profiles.htm
https://fleetmonitoring.euro-argo.eu/

Coastal Pioneer Array Data

— Chlorophyll_a
— Shortwave Irradiance
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and on data
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https://datalab.marine.rutgers.edu/explorations/rider/production.htm
https://oceanobservatories.org/data/

DCER Instructional Framework

(See lesson plans shared)

Instruction to guide learning about ocean concepts.

Instruction to guide students to study data and
compose descriptions of patterns and variability in O
authentic data sets.

) ] + s Study: Student
Data sets include authentic data from the Ocean i resultehny
Observatory Initiative (00I) “intervention”
Students draw GORCIUSIONS jrom theldata, discuss - “comparison”
their ideas and reasonings to tie specific 4 2 &, P @ | lectureclasses

o ;
quantitative evidence to their understanding of k ) N o ’
relevant science concepts with guidance as. ‘

Finally, students compose individual
explanations in class “data studies” & exams.




Guidance to
Incorporate
Data Literacy
guidance

Hotaling et al. (2019)
Framework

[See annotated Waves
Data Study lesson plan]

Levels of Engagement with Data

s As users interact with data, whether they |~
' are novices or experts there are multiple
“— levels of engagement that they go through.
Orientation At each level, key questions are asked and Synthesis

specific skills are required to understand

and interpret the data.
Key Questions N

* What are the units of measure?
* Where was the data collected?
* What does this data mean to me?

Kev Questions,
» How does this identified pattern
relate to what | know?

* How reliable is this data?

Orientation Skills are:

» Collecting, recording, and labeling
observations

* Including a title and axis labels

» Would my explanation change if |
measured an additional variable?

* Using multiple lines of evidence
in reasoning
* Identifying relevant data

* ldentifying relationships and
recognizing basic patterns in a plot

» Comparing predictions to
experimental results

= Citing the data when discussion a
relationship or pattern in data

Interprete_!tion identifying sources of error

= Calculating statistics to analyze

* What is the pattern?

utliers to the pattern?

» Comparing and contrasting data
sets for consistency

/— = Can | identi :
/ » What does the pattern in the data indicate?
AN

/ Interpretation Skills are: A\
« Seeing trends and patterns in data, in time and in space
» Identifying outliers in a pattern
* Recognizing correlations
» Comparing and contrasting conclusions from multiple datasets or
between a dataset and prior knowledge




Ic For Instruction

Provides few “T/P/D/S etc * descriptions or
mostly iInsppropriste descriptions and/of

Provides an inappropriate conclusion given

Provides very little (when more is present)
and/or inappropeiate evidence (evidence that

Conclusion Evidence
I Descriptions Conclusion Evidence Reasoning
z A justification that connects the evidence to the condlusion
First, thoroughly describes oll trends, 3 3 Mtwc;:m “b v Scientific dota that support the conclusion. The # shows why the dato count as evidence by using
question/problem. Guestion is provided,
potterns, simvanties, and/or differences et % & el : foown th dato need to be appropriote and sufficlent to | appropriate ond sufficlent scientific principles (oddressed
(“T/P/O/S etc.”) in the doto % dahm support the conclusion in this closs); also includes reasoning for any dota thot ore
Y studied not refevant to the conclusion.
0 |None provided, completely irrelevant None provided, completely Itrelevant None provided, completely irrelevant None provided, completely Itrelevant
i

Provides very little or inappropsiate reasoning
10 - only incl evidence, 1b - only incl. scl principles; ic -

svailsble. If interps or explanations
included, they are Ignored

descriptions

(weak) the dats used; or restates a dota description | does not support the conclusion).
level of detal! of p h evh neipl |
evel of detall of descriptions 10 very little evid: 1b Inaccurate evid both evid and principles but are connected inaccurately
: Srovides some spprosriats “T/P/O/S sic” " ontl » Il‘.us‘l:n" "" on'llvv“; m"':‘:":m""“""::‘m Provides appropriate, but Insufficient Provides reasoning that connects the evidence to the
PProm A evidence (given all dota present). Or provides |conclusion. Some, but insufficient sclentific peinciples or
descriptions, but not all; or level of detall is needed, this score could be used where
(passing) sufficient, but some insppropriste evidence.  |justification for why the evidence supports the
inappropriate for some described students reference the proper feature et but] <
2a appro but insuff, 2b suff but Inappro conclusion.
does not name it specifcially (etc |
) Comlot::cdmv;::;l.l :{:’;’s %95, Provides appropriate and sufficient evidence |Provides reasoning that connects the multiple pleces
"'::?::' u ::“ i drc; r A Provides an appropriate and sufficient that includes some relevant specific (when available) of evidence to the conclusion, Includes
(strong) u M L conclusion. guanititative information and pattern sppropriate and sufficient scientific principles to explain|

why the evidence supports the conclusion,

When you complete your answer, highlight text with the following color coding:
Yellow- data summaries relevant for your claim (“evidence”)

- - science background concepts relevant to explain your claim
- - text that connects evidence to science concepts

Modified from McNeil
et al., 2006




e plate boundary type with data sets provided
Ine and explain the relationship between wind speed
with data sets provided

n what controls primary production in the winter seaso
ts provided*

oncepts and data sets; *#3 is likely a more complex



Exam 3. A) The annual trends of temperate primary production are that

St“dent S1B03 Results in the cold-warm months of spring and warm-cold months of fall primary

productivity 15 higher. These trends change annually because the

(Color-codi ng done []}' Pls) temperate area Is not always hot or cold, it changes. The annual trends of
tropical primary productivity are that the trend stays the sarme annually.

This is because the tropical region stays warm-hot temperatures.,

Exam 1. Between the 4 datasets | realized that there is a lack
of pattern. There are many shallow earthquakes within the area
but not very many volcanoes at all. The sediment is mostly thin
with some thicker areas and the sea floor is about half
extremely old and half younger.

C)] My conclusion statedin B relates to A because the primary producers in
the temperate and tropic regions are not able to thrive in the same ways.

L1 : | After considering all For example, the trends in the temperate area show that chlorophyll is at
of this information and taking a close look at each data set, its highest during the cold-warm spring because that is when there is no
— thermocline layer in the ocean, since the surface water Is still colder during
- Transform boundaries include many those months. Between March and April in the temperate region,

shallow earthquakes and very little volcanoes. Since the sea chlorophyll is highest because nutrients are able to move to the surface
floor in this area is very old, there have been many shifts and there is enough sun to allow for photosynthesis. The tropic region is
between the plates over the million years that it has been there 5ot because the temperature is warmer there annually, Which is why
and thatis why there are shallow earthquakes across this area. | §REENE (o, change in primary productivity. The warmer temperatures in

The lines that the earthquakes form in the top left maparethe e region keep the surface water of the ocean warm, which creates the
areas that the plates slid past each other under the ocean. All of 0 ine layer and blocks nutrients from moving to the surface.

this evidence between earthquakes, volcanoes, sediment Although there is lots of sun in this region year-around, the primary
W producers cannot photosynthesize unless they have both sunlight and
- nut_rle_:nm. ]
D c E R mva-c:-.'¢-r-ll¢--.-..-l:-'--- " e D c E H‘

Totalda5 | 15| 1 1 1 :_'_“"' Total85] 15|32 |2

i Thal C3anns dvidenidd 10 dands tontiplts




M ntervention
251 WS % W Comparison
* * *
7]
$ 2.0+
Y
§ 1.5
=
@ 1.0-
=
0.5+
Ex&k0 =% 2 3 1 2 3 1 2 3 1 2 3
Data description (D) Claim (C) Evidence (E) Reasoning (R)
: significantly higher

rison group across most
; but not C)

Mean Score +/- SE

Exam 1 2 3 1 2 3
Scientific Explanation(C&E&R) Total score



14- .
@ Intervention

13- ® Comparison

121

11-

Mean OCI test score

intoractinn

/POSt SUIVEYS twowaymiedan

OCK (Ocean Concepts Knowledge Survey)

p=.017

Pre test

Post test

Intervention group had significantly
larger improvement on OCK

Pre test Post test

VLAT+ (Lee et al. 2017) 12 7
Visualization Literacy § 11.57
Assessment Test 7 11 -
Intervention group = 1051
score remained the > 10 1
same while g g5 { P=010
comparison group o
score decreased...
LCTSR™ (Moore & Rubbo 2012), 07 o112
Lawson’s Classroom Test § >
of Scientific Reasoning E 9 1
& g5
Scores did not S
change significantly g
for either group = 7'

*Modified for our project

Post test

Pre test



Summary, Conclusions

® Incorporation of data exploration activities resulted In
significant improvements in data descriptions and the ability to
create evidence-backed explanations with scientific reasoning

e Activities also resulted in significant improvements of ocean
content knowledge (OCI) by the end of the semester

e Data visualization (VLAT) & Scientific reasoning (LCTSR)
results from in-class assignments:
o End of semester fatigue...?
o Are tests really measuring the skills targeted in our study?
o One semester may not be enough time to show improvements?
o Students in comparison sections mre confused by end of
semester?

e If a course goal is to strengthen scientific reasoning, this
method seem to work!



Thank you!

Kathy Browne browne@rider.edu

Andrea Drewes adrewes@rider.edu

Sage Lichtenwalner sage@marine.rutgers.edu

Gabi Smalley gsmalley@rider.edu

Ocean Data Labs widgets for Rider University

These widgets were developed to support courses at Rider University as part of the project

Improving Undergraduate Scientific Explanations: Exploring the Role of Data Literacy Skills in

Scientific Reasoning.

1.

O AN

© 2021 Rutgers University, Rider University

https://datalab.marine.rutgers.edu/explorations/rider/

NSF IUSE Grant

[ID 2021347] 2020-2023

Level 1, Engaged Student
Learning Track



https://datalab.marine.rutgers.edu/explorations/rider/
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mailto:sage@marine.rutgers.edu
mailto:gsmalley@rider.edu
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Home Data Labs 00l Lab Manual Workshops Teaching with Data ProjectInfo  Join Our Community Data Labs Blog

Home You are here: Home

THE OOl OCEAN DATA LABS PROJECT

The National Science Foundation’s Ocean Observatories Initi

environmental data-driven inquiry & exploration EDDIE in the Classroom Teaching Materials About EDDIE

st https:/iserc.carleton.edu/eddie/enviro_data/index.html
Project EDDIE: Environmental Data-Driven Inquiry

Teaching Materials

Get Involved & EXploration

News & Events

Jump to Project Goals / About Large Data Sets / Data Sources / References / Project Support
s

Project Team Scientists are increasingly using sensor-collected, high-frequency and long-term
Publications and datasets to study geological and environmental processes. Our interdisciplinary team

Rresentations of faculty and research scientists has developed flexible classroom modules that aim

EDDIE:Eartivand to expose undergraduate students to such real-world experiences. These modules
Ecosystems
utilize large, long-term, high-frequency and sensor-based datasets that can be used in
EDDIE Macrosystems ) . . .
a variety of introductory, mid-level, and advanced courses that meet a series of
EDDIE Environmental . " .


https://datalab.marine.rutgers.edu/
https://serc.carleton.edu/eddie/enviro_data/index.html

Presentations at the Earth Educators’ Rendezvous,
Philadelphia, 7/15

workshop 1:30-4

Guiding students to use evidence to support their scientific reasoning: Research
Results, poster 4:30-5:45


https://serc.carleton.edu/earth_rendezvous/2024/program/afternoon_workshops/w3.html
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%‘ AAAS Improving Undergraduate STEM Education
Initiative

Reforming Pedagogy for Data-Intensive STEM Courses:
Putting the Student Experience at the Center

Dr. Mine Dogucu
Dr. Kathleen Browne

o @IluseProgram

m AAAS IUSE Initiative

This material is based upon work supported by the National Science Foundation

(NSF) under Grant No. DUE- 1937267. Any opinions, findings, interpretations,
conclusions or recommendations expressed in this material are those of its authors
and do not represent the views of the AAAS Board of Directors, the Council of AAAS,

AAAS" membership or the National Science Foundation.

AMERICAN ASSOCIATION FOR THE ADVANCEMENT OF SCIENCE https://aaas-iuse.or | 4/18/2024
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Thank you for attending!

Slides and recording will be available in the coming days.

We value your feedback, please take a few minutes to complete the survey.

o @luseProgram https://www.aaas-iuse.org m AAAS IUSE Initiative

This material is based upon work supported by the National Science Foundation (NSF) under Grant No. DUE- 1937267. Any opinions, findings, interpretations, conclusions or recommendations
expressed in this material are those of its authors and do not represent the views of the AAAS Board of Directors, the Council of AAAS, AAAS’ membership or the National Science Foundation.

AMERICAN ASSOCIATION FOR THE ADVANCEMENT OF SCIENCE https://aaas-iuse.or | 4/18/2024
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%‘ AAAS Improving Undergraduate STEM Education
Initiative

Using Artificial Intelligence (Al) to Enhance
Learning for All Students
May 22, 2024 | 2:00pm-3:30pm ET

Dr. Narges Norouzi o @IluseProgram
Dr. Ibukun Osunbunmi

m AAAS IUSE Initiative

This material is based upon work supported by the National Science Foundation

(NSF) under Grant No. DUE- 1937267. Any opinions, findings, interpretations,
conclusions or recommendations expressed in this material are those of its authors
and do not represent the views of the AAAS Board of Directors, the Council of AAAS,

AAAS" membership or the National Science Foundation.

AMERICAN ASSOCIATION FOR THE ADVANCEMENT OF SCIENCE https://aaas-iuse.or | 4/18/2024
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