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Subject or Problem
Data play a prominent role in everyday life and is vital for modern careers.
The need to support students’ data fluency – the ability and confidence to actively make sense
of and use data – has been encoded through data-related standards in the Next Generation
Science Standards (NGSS)(NGSS Lead States, 2013) and The Common Core State Standards for
Mathematics (National Governors Association Center for Best Practices & Council of Chief State
School Officers, 2010). Despite the need for data fluency, many teachers are woefully
underprepared to implement these standards (Banilower et al., 2018; Lovett & Lee, 2018) and
they need classroom-ready tools and resources and teacher preparation (National Academies
of Sciences, Engineering, and Medicine, 2023). Without professional learning (PL), teachers tend
to use their existing personal instructional approaches that may or may not align with research
(Pratt, 2002) and rarely are effective in preparing 21st century citizens (Gulamhussein, 2013). If
all students are to become fluent with data, teachers must be prepared to implement
pedagogical approaches and cutting-edge materials that support student learning, including the
ability to facilitate high-quality conversations about data (Vahey et al., 2017).

Much is still unknown about how students and teachers progress to data fluency and how teachers
can support students on their path to data fluency. To develop PL for teachers who wish to
support their students’ data fluency, we must first learn more about how teachers and students
progress toward data fluency, and we need to articulate a model of the content and pedagogical
content knowledge required for supporting students’ data fluency. While some of this
prerequisite knowledge is known (Arnold et al., 2018; Ben-Zvi et al., 2018; Lee et al., 2020), the
field is still nascent (da Ponte & Noll, 2018; Petocz et al., 2018; Zieffler et al., 2018). Existing
research offers some insight into successful pedagogical practices that support student
reasoning about data, such as providing coherent opportunities for students to participate in
the construction, representation, analysis, and use of data as evidence, rather than as separate
experiences (Lee & Wilkerson, 2018; Hardy et al., 2020). In the introduction to a special issue on
situated data in Journal of the Learning Sciences, Rubin (2020) summarizes five aspects of
working with data that need to be better understood by educators and better integrated into
data science teaching and learning: data are contextualized; data exhibit variability; students
struggle with aggregated data; visualization is key to reasoning with data; and drawing
inferences from data is fraught. Another challenge associated with developing data fluency is
that both students and adults exhibit difficulty reasoning about multivariate phenomena, yet
most K–12 standards and curricula focus on basic data visualization and univariate and
bivariate distributions (National Governors Association Center for Best Practices & Council of
Chief State School Officers, 2010; Sorto, 2011). We aim to identify topics and practices that are
particularly challenging and important to data fluency, and integrate those ideas into a
framework for supporting the development of PL and resources to help middle school STEM
teachers engage their students in data-rich learning.
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Design or Procedure
This paper presents the results of a qualitative study of eleven experienced STEM educators
who worked alongside project-based PL developers to design and implement data-rich lessons
in their grades 6–9 mathematics and science classrooms.

This research took place in the context of a larger research and PL development project known
as Data Fluency1, in which math and science teachers were recruited to help project-based
developers to generate a set of classroom narratives that describe ways in which teachers
integrate data into their instruction. These narratives are then used in a PL course for other
educators. Researchers documented the work with the co-development teachers in order to
inform the development of the PL course and to develop a model of teacher knowledge needed
to support students’ data fluency.

Figure 1 provides an overview of the theoretical framework development activities within the
broader Data Fluency project. The white boxes in Figure 1 show the areas of focus for this
paper. First, the team conducted a review to help articulate the knowledge, skills, practices,
dispositions, challenges, and existing professional learning supports and tools related to
teachers’ and students’ data fluency, including terms such as data literacy, data science,
statistical reasoning, and computational thinking. At the same time, we recruited, engaged, and
studied the work of a cohort of co-development teachers who helped our team design
professional learning. Through a review of the literature and our analysis of the research with
our co-developers, we generated two documents for guiding the development of our
professional learning course that are the primary focus of this paper:

1. A logic model that describes how the PL course under development could potentially
influence teacher, classroom, and student outcomes, and

2. A description of high-leverage areas of focus for data fluency PL that highlights
challenges faced by teachers, which are common, important for data fluency, and
represent opportunities for supporting teacher and student growth.

This work is still ongoing, and we are currently expanding the logic model beyond the scope of
this project’s PL course into a broader Data Fluency Framework for Teaching and Learning, which

1 The full project name is Boosting Data Science Teaching and Learning in STEM. This material is based
upon work supported by the National Science Foundation under Grant No. 2101049. Any opinions,
findings, and conclusions or recommendations expressed in this material are those of the author(s)
and do not necessarily reflect the views of the National Science Foundation.
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d e s c ri b e s t h e k n o wl e d g e a n d s kill s t e a c h e r s n e e d t o s u p p o rt t h ei r st u d e nt s’ d at a fl u e n c y. T hi s

f r a m e w o r k will p r o vi d e d e si g n e r s a n d r e s e a r c h e r s wit h t o u c h p oi nt s t o st r u ct u r e a n d st u d y P L

e x p e ri e n c e s, l e s s o n m at e ri al s, a n d ot h e r cl a s s r o o m r e s o u r c e s. T h e s e t o ol s c a n p r o vi d e S T E M

t e a c h e r s wit h g ui d a n c e f o r r efl e cti n g o n t h ei r o w n k n o wl e d g e a n d p r a cti c e s.

Fi g u r e 1. O v e r vi e w of T h e o r eti c al F r a m e w o r k D e v el o p m e nt A cti viti e s i n t h e

D at a Fl u e n c y P r oj e ct

T h e lit e r at u r e r e vi e w a n d t h e st u d y of t h e c o- d e v el o p m e nt t e a c h e r s w e r e g ui d e d b y t h e

f oll o wi n g q u e sti o n s: ( a) W h at d o t e a c h e r s n e e d t o k n o w a n d b e a bl e t o d o t o s u p p o rt st u d e nt s

i n b e c o mi n g d at a fl u e nt ? ( b) W h at a r e c o m m o n st u d e nt mi s c o n c e pti o n s a n d r o a d bl o c k s i n

st u d e nt s’ p r o g r e s s t o d at a fl u e n c y ? ( c) W h at a r e t h e c o r e c o m p o n e nt s of P L t h at b o o st t e a c h e r s’

d at a fl u e n c y a n d t h ei r a bilit y t o s u p p o rt st u d e nt s b e c o mi n g d at a fl u e nt ?

T h e c o- d e v el o p e r s w e r e g ui d e d a n d s u p p o rt e d t o d e si g n a n d i m pl e m e nt d at a l e s s o n s b y a

s e ri e s of w o r k s h o p s l e d b y t h e p r oj e ct t e a m t o d e e p e n t h ei r o w n u n d e r st a n di n g of d at a, t h ei r

k n o wl e d g e of h o w t o u s e a d at a vi s u ali z ati o n t o ol c all e d C o m m o n O nli n e D at a A n al y si s Pl atf o r m

(C O D A P) ( 2 0 2 3), a n d p e d a g o gi c al p r a cti c e s r el at e d t o d at a. T h e l e a r ni n g t o pi c s s p a n n e d a r a n g e

of d at a- r el at e d i d e a s a n d p r a cti c e s i n cl u di n g c o m m u ni c ati n g wit h d at a, g e n e r ati n g a n d

o bt ai ni n g d at a (i n cl u di n g s u p p o rt f o r n a vi g ati n g t h e c oll e cti o n of fi r st- h a n d d at a a n d fi n di n g a n d

c u r ati n g d at a s et s f o r cl a s s r o o m u s e), e x pl o ri n g d at a, a n d h u m a ni zi n g d at a. T h e s e w o r k s h o p

t o pi c s w e r e s el e ct e d a n d c r aft e d t o m e et t h e e m e r gi n g n e e d s of t h e e d u c at o r s. T h e t e a c h e r s

al s o p a rti ci p at e d i n s m all w o r ki n g g r o u p s a n d “ o ffi c e h o u r” s e s si o n s wit h P L s p e ci ali st s t h at

i n cl u d e d t ail o r e d s u p p o rt t o h el p pl a n, d e si g n, i m pl e m e nt, a n d r efl e ct o n t h e d at a l e s s o n s. E a c h

t e a c h e r s el e ct e d t h e t o pi c f o r t h ei r o w n d at a l e s s o n, a n d t h e l e s s o n s v a ri e d i n l e n gt h f r o m a f e w

d a y s t o s e v e r al w e e k s. D u ri n g t h e s e pl a n ni n g s e s si o n s, P L s p e ci ali st s s u p p o rt e d t e a c h e r s’

e ff o rt s t o i n c r e a s e a c c e s si bilit y a n d i n cl u si o n b y e n c o u r a gi n g r e fl e cti o n a b o ut h o w t h ei r t a s k s

a n d f a cilit ati o n st r at e gi e s c o ul d p ot e nti all y m e et t h e n e e d s of st u d e nt g r o u p s wit h di ff e ri n g

l e v el s of d at a a n d c o nt e nt u n d e r st a n di n g.
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The research team observed and video-recorded the workshops, office hours, working group
meetings, and classroom enactments. During the classroom observations, researchers took
notes, collected samples of student work, video recorded students and teachers working with
each other, video recorded pairs of students working with data using technological tools, and
conducted a post-lesson debriefing interview with the teacher. Notes and interview transcripts
were coded, summarized, and compiled into memos. Pre-structured codes focused on teacher
knowledge; teacher skills and practices; requests for assistance; PL supports; technological
supports; and student knowledge, skills, and misconceptions related to data fluency. Open
coding captured other salient aspects of the work.

Analysis and Findings
High-Leverage Areas of Focus for Data Fluency PL

Below, we describe 7 high-leverage areas of focus for data fluency PL. This list captures our
current thinking about challenges faced by educators seeking to incorporate data into their
classrooms. We selected areas of difficulty which are common, important for data fluency, and
represent opportunities for supporting teacher and student growth.

#1 Examine the nature of data. Typical applications of data in science and mathematics
classrooms involve numeric data, and their existence is often treated as authoritative and
unproblematic by both teachers and students. Professional learning has the opportunity to
broaden teachers’ notions about data types and data experiences by engaging educators with
both traditional (e.g., data tables, recorded values, plots) and non-traditional (e.g., photos,
satellite images, community science observation records) data types and representations.

#2 Amplify sociocultural and humanistic aspects of working with data. Related to the point
above, PL providers have the opportunity to introduce a humanistic approach to data (Lee et al.,
2021), which emphasizes the roles humans play in all activities connected to data. Data are not
presented as objective but as products which are influenced by human values, beliefs and
decisions. PL that amplifies sociocultural aspects of data may support teachers to engage their
students in discussions about the origins of data and ethical practices around the use of data.
For example, students and teachers might think together about the following questions: For
what purposes and by whom were these data collected? What beliefs and values are encoded
within these data and their original uses? In what ways do we, as users of data, have the power
to reinforce or resist these values and beliefs?

#3 Consider tradeoffs of primary v. secondary data. Many teachers value providing their
students with the experience of collecting their own data. Students’ involvement in generating
data has the potential to support their understanding of the statistical, computational, or
evidentiary features of the data and can offer a sense of agency and personal connection with
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t h e d at a. H o w e v e r, cl a s s r o o m d at a s et s a r e oft e n t o o li mit e d t o s u p p o rt d e e p e r i n q ui r y ( e. g.,

t h e y m a y n ot i n cl u d e e n o u g h r el e v a nt v a ri a bl e s o r t h e y mi g ht n ot h a v e e n o u g h d at a p oi nt s t o

a n s w e r t h e q u e sti o n s at h a n d). I n c o nt r a st t o m o r e t y pi c al bi v a ri at e d at a s et s, m ulti v a ri at e

d at a s et s p r o vi d e m o r e o p p o rt u niti e s f o r st u d e nt s t o p o s e i nt e r e sti n g st ati sti c al i n v e sti g ati v e

q u e sti o n s. P L c a n h el p e d u c at o r s r e a s o n a b o ut t h e c h oi c e t o h a v e st u d e nt s c oll e ct d at a o r t o

u s e d at a p r o vi d e d t o t h e m. F o r e x a m pl e, P L mi g ht i n vit e t e a c h e r s t o c o n si d e r di ff e r e nt m et h o d s

f o r o bt ai ni n g d at a a n d w ei g h t h e b e n efi t s, li mit ati o n s, a n d t r a d e off s of e a c h c h oi c e i n r el ati o n t o

s p e ci fi c l e a r ni n g g o al s.

# 4 E n g a g e s t u d e n t s i n m ul ti pl e e n t r y w a y s t o t h e d a t a i n v e s ti g a ti o n p r o c e s s. E d u c at o r s

st r u g gl e t o fi n d d at a a cti viti e s t h at a r e b ot h m e a ni n gf ul a n d f e a si bl e . L e s s o n pl a n s s o m eti m e s

li mit w o r k wit h d at a t o o nl y o n e bit e- si z e d a s p e ct of w o r ki n g wit h d at a ( e. g., “ a s ki n g q u e sti o n s”),

o r t h e y a s k t e a c h e r s t o e n g a g e t h ei r st u d e nt s i n a f ull

d at a i n v e sti g ati o n, w hi c h c a n t a k e w e e k s o r m o nt h s a n d

i s oft e n d e pi ct e d a s f oll o wi n g a ri gi d, fi x e d- s e q u e n c e

“ d at a c y cl e.” B y u si n g a m o d el s u c h a s o u r p r oj e ct’ s

E nt r y w a y s t o D at a ( Fi g u r e 2), P L c a n h el p e d u c at o r s b e gi n

t o s e e t h at t h e p h a s e s of t h e d at a i n v e sti g ati o n p r o c e s s

1) a r e i n e xt ri c a bl y li n k e d ( n ot p h a s e s d o n e i n i s ol ati o n), 2)

d o n ot t a k e pl a c e i n a fi x e d s e q u e n c e, a n d 3) t h at n ot all

p h a s e s of a n i n v e sti g ati o n p r o c e s s n e e d t o t a k e pl a c e i n

o r d e r f o r a d at a l e s s o n t o b e s u c c e s sf ul. T h e E nt r y w a y s t o

D at a c a n h el p p r o vi d e e d u c at o r s wit h a h oli sti c s e n s e of

h o w s ci e nti st s a n d st u d e nt s c o ul d u s e t h e p r o c e s s t o

m a k e s e n s e of d at a, w hil e al s o o ff e ri n g m ulti pl e e nt r y p oi nt s t o

l e a r ni n g. T e a c h e r s c a n u s e t hi s m o d el t o i d e ntif y l e a r ni n g g o al s a n d c r e at e l e s s o n s t h at f o c u s o n

j u st a f e w i nt e r r el at e d e nt r y w a y s.

# 5 U s e d a t a t o s u p p o r t c o n c e p t u al u n d e r s t a n di n g wi t hi n m a t h a n d s ci e n c e c o n t e n t a r e a s.

W h e n pl a n ni n g l e s s o n s, t e a c h e r s oft e n h a d di ffi c ult y s e ei n g t h e r el ati o n s hi p b et w e e n

d at a- r el at e d g o al s a n d t h ei r m at h a n d s ci e n c e g o al s. T hi s c a n l e a d t o t h e c r e ati o n o r a d o pti o n

of l e s s o n s t h at e n g a g e st u d e nt s i n d at a p u r el y f o r d at a’ s s a k e. P L c a n h el p t e a c h e r s c o n si d e r

t h e q u e sti o n, “ H o w c a n t h e p att e r n s wit hi n d at a i nt r o d u c e o r r ei nf o r c e m at h e m ati c al o r s ci e n c e

c o nt e nt c o n c e pt s ?” It m a y al s o b e h el pf ul t o a c k n o wl e d g e t h at n ot all l e s s o n s h a v e t o d o all

t hi n g s: P L c a n h el p t e a c h e r s p ri o riti z e a n d b al a n c e d at a fl u e n c y g o al s wit h S T E M c o n c e pt u al

g o al s. T o w a r d t hi s e n d, it s h o ul d al s o b e n ot e d t h at o u r c o- d e v el o p m e nt t e a c h e r s n e e d e d a

g r e at d e al of s u p p o rt t o i d e ntif y a n d c u r at e d at a s et s t h at a r e ali g n e d t o t h ei r m at h e m ati c s o r

s ci e n c e c u r ri c ul u m a n d st a n d a r d s. C r e ati n g a n d c at al o gi n g t h e s e cl a s s r o o m-f a ci n g r e s o u r c e s i s

a n o n-t ri vi al c h all e n g e f o r P L p r o vi d e r s a n d c u r ri c ul u m d e v el o p e r s t h at s h o ul d b e a d d r e s s e d o n

a l a r g e r s c al e.
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#6 Examine the role, benefits, and tradeoffs of technology. When considering how to use
technology in their classrooms, teachers took great care to consider how and when to
introduce technology. PL can help educators learn how to use data-tech tools and also consider
tradeoffs of particular tools (e.g., paper and pencil vs. spreadsheet vs. data visualization
software) for particular instructional purposes and learning goals. PL might illustrate the
power/affordances that technological tools offer when differentiating experiences to support all
learners develop their data fluency, including adaptive technologies. For example, through
working with and reflecting on their experience of using the CODAP data visualization tool, our
co-developers discovered that the technology helped to offload the burden of calculation by
automatically creating means for students. Offloading this cognitive demand can support
student engagement in other conceptual activity, such as increasing opportunities for
conversation about variability rather than procedural calculation. Our co-development teachers
recognized that this would allow their students who were less confident in math to participate
more equitably.

#7 Foreground support for fostering data-friendly habits of mind. Individuals and classrooms
demonstrating greater data fluency typically utilize habits of mind that shape how they
approach data. These habits of mind/dispositions include skepticism, imagination, curiosity and
awareness, openness, a propensity to seek deeper meaning, being logical, engagement,
perseverance (Wild & Pfannkuch, 1999). Learners who are accustomed to more traditional
classroom structures may feel discomfort in taking a skeptical stance in the face of what they
may think of as authoritative data, or they may feel that imagination is not welcome in a science
or math classroom. PL that calls attention to these habits can help educators foster classroom
cultures where these habits are valued and affirms the presence and value each student brings
to a data task. In PL, educators could, themselves, engage in practices that reinforce
data-friendly habits of mind, such as using a reflective journal to document when they used
certain habits throughout an investigation.

Logic Model

The logic model in Figure 3 describes how the project’s Data Fluency Professional Learning is
expected to influence teacher, classroom, and student outcomes. It also acknowledges the
important role of the school and district context. The components of the logic model were
derived from key themes identified during our work with the co-development teachers. The
descriptors of teacher and student knowledge represent an explicit integration of multiple
disciplines involved in data education in STEM, including domain knowledge, data knowledge,
technological knowledge, statistical knowledge, and sociocultural and affective aspects of
working with data. Furthermore, the “classroom outcomes” reflect our belief that data fluency
exists as a quality or set of qualities that reside in individuals and communities: classroom
communities can vary in the degree to which they exhibit features that welcome and support
sensemaking with data.
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Fi g u r e 3. D at a Fl u e n c y P L L o gi c M o d el

Di r e c ti o n s f o r F u t u r e R e s e a r c h

W e a r e c u r r e ntl y pil ot t e sti n g P L t h at i s d e si g n e d a r o u n d t h e f e at u r e s d e s c ri b e d i n t hi s m o d el.

W e a r e e x p a n di n g o u r p r oj e ct l o gi c m o d el t o a m o r e b r o a dl y a p pli c a bl e f r a m e w o r k t h at f u rt h e r

s p e ci fi e s t h e c o nt e nt k n o wl e d g e, p e d a g o gi c al c o nt e nt k n o wl e d g e, a n d t e c h n ol o gi c al

p e d a g o gi c al c o nt e nt k n o wl e d g e n e e d e d t o t e a c h l e s s o n s t h at s u p p o rt d at a fl u e n c y. W e h o p e

t h at t hi s t o ol will b e u s ef ul f o r ot h e r r e s e a r c h e r s a n d d e v el o p e r s w h o a r e i nt e r e st e d i n

s u p p o rti n g t e a c h e r s’ a n d st u d e nt s’ d at a fl u e n c y.

C o n t ri b u ti o n s & G e n e r al I n t e r e s t

T hi s p a p e r c o nt ri b ut e s t o t h e m e m b e r s of St r a n d 4, t h e m e m b e r s of N A R S T, a n d t h e e d u c ati o n

c o m m u nit y at l a r g e b e c a u s e it h el p s t o d e fi n e t h e p r of e s si o n al l e a r ni n g n e e d s of e d u c at o r s w h o

wi s h t o i nt e g r at e d at a i nt o t h ei r S T E M cl a s s r o o m s. T h e D at a Fl u e n c y P L a r e a s of f o c u s a n d t h e

l o gi c m o d el d e s c ri b e d i n t hi s p a p e r a r e i nt e n d e d a s t o ol s t o s u p p o rt d e v el o p e r s, r e s e a r c h e r s,

a n d e d u c at o r s. T h e s e f r a m e w o r k s p r o vi d e d e si g n e r s wit h t o u c h p oi nt s t o st r u ct u r e P L

e x p e ri e n c e s, l e s s o n m at e ri al s, a n d ot h e r cl a s s r o o m r e s o u r c e s f o r b ot h n e w a n d v et e r a n

8



educators. These tools can provide STEM teachers with guidance for reflecting on and
self-assessing their current knowledge, skills, beliefs, and teaching practices that help their
students become more data fluent and identify PL experiences that may support their growth
in these areas. Researchers can use these tools to guide the development measures of data
fluency related to teachers, classrooms, and students. The design and study process for this
framework heavily centers around our collaboration with educators who work with a wide
range of students across many teaching contexts. We aim to center their voices and choices
(The Centering Voices Workgroup, 2018), their success and challenges, and suggest future areas
of research for designing inclusive instructional experiences.
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