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Young Academic Music and Computational Thinking
National Significance

Young Academic Music and Computational Thinking will be a scalable program
including curriculum and teacher professional development for high-need kindergarten students
in rural and high-need urban school districts. High-need refers to students from minority groups,
low socioeconomic classification (SEC) groups, English learners, and students with disabilities.

Young Academic Music and Computational Thinking for Kindergarten is an early phase
grant proposal addressing absolute priorities 1, 2, and 3, and competitive preference priority of
expanding access to rigorous computer science coursework for traditionally underrepresented
students. The goal of Young Academic Music and Computational Thinking for Kindergarten is to
improve and innovate on math, music and computational thinking (CT) instruction in
kindergarten. We will accomplish this through an innovative approach to field-initiated
development. Our goals include the following: 1) Create a high-quality, comprehensive, field-
tested mathematics-through-music curriculum that is aligned to state standards with
implementation supports by Fall 2021; 2) Implementation with fidelity results in improved child
outcomes in music, mathematics, computational thinking, and social emotional learning during
the 2021-22 and 2022-23 school years; and 3) Use of embedded professional development builds
the capacity of district personnel to sustain work following grant period.

We propose a new way of learning early STEM skills by utilizing rhythm and music
notation instructional activities as the platform for early numeracy skills and the basic elements
of computer coding—algorithm, sequence, loop, branch, and debug—for diverse groups of high-
need urban and rural kindergarten students. Utilizing an iterative co-design process that takes
advantage of the diverse expertise of all our partners, we will implement a usability/pilot testing
process that involves developing content, identifying assessments, planning technology tools,
testing lessons and with each cycle, we refine the process. We will conduct a total of 4 pilots (4
teachers and 80 high-need students) to understand what works and what is challenging for
teachers with little training in music and technology.
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The creation of a novel curriculum for teaching math and CT through music develops
early numeracy and CT skills must be accompanied by appropriate teacher training to address the
challenges and discomfort elementary teachers report when teaching math and science (Bursal &
Paznokas, 2006; Murphy & Mancini-Samuelson, 2012). Professional development for teachers
will help them move beyond traditional teaching practices to more active learning practices
(Anderson et al., 2011). Teachers will learn and practice engaging students in music activities,
discussion to help students connect music to mathematics and coding, and processes that
promote higher-order thinking and collaboration. Professional development will include both
content and content-specific pedagogies for engaging a diverse group of students.

The final curriculum will be tested through a rigorous evaluation design that meets WWC
standards to measure the main student outcomes of mathematics and social emotional
competence through confirmatory analysis as well as the secondary outcomes of computational
thinking and music through exploratory analysis. Evaluation of the curriculum will take place in
a randomized control trial of 35 high-need rural classrooms in Austin, TX and 35 high-need
schools in New York City, involving approximately 1000 kindergarten students across two years
of data collection.

Science, Technology, Engineering, and Mathematics (STEM) knowledge is a growing
requirement for anyone entering the workforce (National Science Board, 2018). A STEM-ready
workforce creates opportunity for better jobs and increased prosperity across our country,
especially for traditionally underrepresented youth and young people from rural areas. Despite
the growing need for a STEM-ready workforce in our country, the U.S. Department of Education
reports “persistent inequities in access, participation, and success in STEM subjects that exist
along racial, socioeconomic, gender, and geographic lines, as well as among students with
disabilities” (U. S. Department of Education, 2016,). The disparities in STEM education are a
threat to our ability to close education and poverty gaps.

Decisions about pursuing a career in STEM are determined by the sixth grade, yet young
elementary students have very little exposure to STEM content, little opportunity to explore
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interests in STEM, and are therefore likely not on a trajectory to STEM fields (Gerlach, 2015;
NRC, 2012). The lack of STEM education in rural areas is especially troubling as data show that
rural schools are not meeting student performance benchmarks in mathematics and science.
Rural children from lower socioeconomic status families often start kindergarten with lower
mathematics achievement and make less progress during elementary and middle school than
their suburban and urban peers (Graham & Provost, 2012). Rural schools are often challenged in
education improvement efforts by geographic isolation, fewer numbers of experienced teachers,
and fewer resources (Boyer, 2006).

Rural Texas. Approximately 50% of Texas children (and 60% of children from low-
income backgrounds) do not meet minimum levels on kindergarten readiness measures, e.g.,
many children, on the first day of kindergarten, do not meet numeracy standards such as
counting a set of 10 items, adding or subtracting several items to or from a set, or naming
common shapes (E3 Alliance, 2012; Texas Prekindergarten Guidelines, 2015).

New York City. STEM programs are very scarce in New York City’s economically
challenged urban communities (New York Equity Coalition, 2018). While New York City is
addressing this problem with initiatives like ‘AP for ALL,” providing Advanced Placement
courses to 75% of high school students, the lack of STEM curricula should be addressed well
before high school. In order to prepare students for rigorous coursework in middle and high
school, all elementary students should have opportunity to access a STEM curriculum with
supports and resources to ensure success.

Promising New Strategies

To address the need for increased STEM exposure to young students, especially
traditionally underrepresented students and students in rural areas, we are designing an integrated
music, mathematics, and computational thinking curriculum that teachers can implement in
inclusive classrooms of cognitively, linguistically, and culturally diverse students. Our novel
integrated curriculum, Young Academic Music and Computational Thinking begins with guided
musical play activities to stimulate natural curiosity and exploration in the academic areas of
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mathematics, music, and computational thinking. Because a large body of evidence suggests that
strong math skills and computational thinking in young children are a powerful predictor of
future academic success (Bers, 2018; Samuels, 2017), we focus on developing early mathematics
skills with music instructional activities and tasks carefully aligned to the basic components of
coding (algorithm, sequence, loop, branch, and debug). By starting with music and play, we
create a less intimidating environment that is more accessible to all learners, including students
with disabilities, ELs, or other youth who have struggled in more traditional classroom settings,
to participate in a STEM curriculum (U.S. Department of Education, OET, 2016).

With easy to follow lesson plans, video demonstrations, and implementation guides,
teachers can bring music into the kindergarten classroom to teach beginning mathematics skills
and computational thinking.

Project Design and Management Plan

Young Academic Music and Computational Thinking Project goals, objectives, and outcomes
are clearly specified and measurable, with the overall goal of student achievement in
mathematics, computational thinking, music, and social and emotional learning. The table below

clearly identifies tasks, timelines and project personnel responsible for each task (Table 1).

PR/Award # U411C190279 4
Page e30



(oopia (soapla Iaydeadoapia ApI3am) 51591

pue S[eLI91ey ) UOI}RUTUIISSIP 10] ‘a|npayos ‘sppliapw 02072 ‘Towwrerdodd | joqid ul WNMOLLIND JY3

Apeal pue pasoadul ‘pajenyeas (suonbnipas uoissas ‘upjd wpaboud qd) | ‘T Arenigaq Jendwod | Sunuswaiduul s1sydes)

‘pa1sal sfengjewt Juswdopaag | gd ,S48yova3) yuswido[aaa(g swesgo.ad Juswdo[aaaqg ySnoayy ‘10]eUIPI00D 10y yuawrdo[aasp

[euoissajoad Aenb ysiy [euoissajod pasoaduy [BUOISS3J0.1d PoazZIiwolsny 1 1290120 13foad ‘sig | reuoissayoad udisa( ‘¢

(s11adxa yum

s3unoaw A[ypuowarg

pUE sIaulel,

‘1o8euely 303loag

(pa3sam 10J WNMOLLIND (x130W1 ‘S1d 3Im sgupneawt

NV A Sulure1qo s1sydeal jo JUaWUBD 4DINDLIIND Ap[PoMm) WnndLLIND

Joquinu) Supquiy} feuoneinduod (spupwissassp ‘supjd uossaj ‘sagnuiwl pajeadajul udisap 03

pue ‘Juruieaj [eUOIOWd aAIIDUIWINS pUD bunzaaw) Jupjury ‘uoned s11adxs Surureadoad

[B1D0S ‘SanEWaAyleW 1SN 2A1IDULLOf ‘'Sub|d uossa7) | Teuonendwod sassaippe allrey) ‘y3oreg I9indwod pue 2snw

Ul S9W0231N0 pIyo aaoxduur SJUdWISSISSe aanewwns | Ajayenbape pue sprepuels 0207 aIpuq ‘elaB[[eg ‘SoEWaIeW M

01 L1apy yum (INVA) aisny pUE 9AT}RULIOJ ‘S[eLIS}ew S199W WN[uOLLND | ‘T Arenaga | Ayjownl] ‘1eqey | 319wl s[d pue (elae[eg

onwapooy bunof yuawardwi oym pPayIIuApPI ‘'S9ANDS[qO IIM popuaixa a3 2a.13e y3noiyz | uf[soy “1ageuey Aqiownt], pue 1aqey

SIayoes) Jo Jequinu paseatou] | a19[dwod aue sue[d uossa] | S[4 pue siadxa ‘SIaydes], 1 1290120 102lo0ag ‘sid UA[SOY) SIaydea], 'z

(s11edxa yum

s3unesw A[puourrg

pue sIaures],

¥207 ‘193euep 109(01g

(pg3sam 10j WNMOLLIND Suuds ‘SId Yim s3unaaw

NV A Suiuielqo siayoea) (szuawissassp (xr3pW ysnoayy ApP[93ap) wnmoLLIND

Jo Jequunu) SuuIes] [eucrowa aAIIDUIWUNS pUD W ubL WNNoLLIND 7707 [1ed uoned 3unsixa malaal

[e100S pue ‘SalIEWAYIeW Isnul aAIIDULIOS ‘SUD]d U0SSaT) ‘supyd uossaj ‘saanuiwt alIey) ‘y3oreqg 03 s31adxa o1snw

Ul S9W023N0 pIyo aaoxdul SIUIUWISSISSe aANewwnS | Hupaaws) SpIepue)s s1aaw 6T0Z ‘ST 21puy ‘BlAB[[dd | PUE SOEUIRIIBW YIIM

03 A1opy yum (WVA) d1snpy pUB 9AL}BULIOJ ‘S[ELIs)eW pue so1do3 A0 S19A0D | JI9quUIada( Ayount], | oo sid pue (elaefjeg

J1wappoy Bunoj yuawadwi oym PalIIULAPI ‘S2ANRD3[q0 YIm WNNILLIND 31} 3313k ysnoayy ‘Io8euep Apouny], pue 1aqey

SI9YDB9} JO Jaquunu paseatou] | a1a[dwod aue sue[d uosse] | S|4 pue s11adxa ‘S1ayoes], 1 19q032Q 109(01d ‘s|d uA[soy) s1aydea] ‘1
uonpnpag uononpag/sauoanQ a]qisuodsay

uonpnbAg /saw 03N w.aa3-buog uo pasnq sabuby;) W4a3-310Ys ETELT (s)uos.aq SaINAIY

Splepue)s A30[0Uyd3) pue ‘SONBWAYIeW ‘dIsnwi 03 pausife SI WN[NILLINY : [ 3A13[q0

1202

i1ed 4q syroddns uonejuswardwi Yim sprepueis ajels 03 pausife sI1ey) WN[NILLIND Paisal-p[ay ‘daisudyardurod ‘Aenb-ysiy ajeary) : | (eon

SIWO0IN() ‘sA0)EIPU] ‘QUIPWIL], ‘F[qisuodsay] (s)uosIdJ ‘SanIANIY ‘S9A13I{qO pue s[eox) juers) Y[ :I d[qeL

LIPUEBINVA

ITLY¥8VAAD

PR/Award # U411C190279

Page e31



uonpnPAY /Saw0InQ uLa3-Buo

uo1DNDAI
uo pasnq sabuoy?)

uonvnvag/saui02InQ
w.133-3404ys

aulfaull]

ajqisuodsay
(s)uosiag

sa1AnIY

SIOLOSIP [00YIS [BAN1 PUE UBQIN U] SIUIPMIS 3SI3AIP A[[etmynd pue ‘A[jeonsmsul ‘A[paniusod
YILM SUIO0ISSE]) PIsul Y31 Ul S.19Yea) uslIes1apuny JO Spasu ay} sassalppe doysyiom juaudo[a4ap [eUOISS3jo1d pue WnnoLLIND [euly :¢ 3A1Ifq0

020¢

IaquIada(g

y3noay

0z0¢
JIaquialdag sSuneaw
(pa0pD pue sIayoea], JUSUISSISSEe pue
(saanurw funaaw aA13DULIOf) WNNOLLIND (sa3nuiw Bunaaw “Aanuns 0Z0Z &e]y ‘uonepunoyg uoneneaa A[auow
pup Aaa4ns) SI19YDEI] JO SPI2U | 03 apeul e sjuswasosdu ‘DIDP [DUOIIDALISGO) ysnoiq JISNA S,Jolue( | -1 YHm S3[04d Z u11no
93 $199W WNNILLIND 9y} 310da.1 pue pazA[eue WNMOLLIND Jo s1dadse 02072 ‘101eU[p1007) | PILLIED 31 WNMILLIND
S119dxa JUIIUOD PUE SISYDEI], aJe syofid wogj eye( [[e 10 SISIXa EleD 10[1d Arenuef 199{01d ‘1d Josisarlond v
610Z ST | Iadeuepy 03lolg WNMILLITND
I9qUISA0ON ‘uonepunoy Sunsay jo11d jo sapfd
(wnmoriuno (sabubyd ysnoamy J1sny | Z 1oy ued pue anpayds
pup s£244ns) SYNSOY 1S3 10[1d | 2|npayds) SNPaydS pauyay (ainpayos) anpayos 1 13q0320 S,[a1ue(d ‘1d B OUIULI}R( 'S

(0apia
pup S|pLI3IDK]) UOTIBUIWISSIP 10] SIayoed)
Apea. pue paaoadu ‘pajenjess (AoAuns) ajqepuelsiapun (Aonuns ‘aunsvawt [0A) 1591 3011d 10] doysyaopm
‘paisal s[eLvlew Juswdo(aaaq | A[PUSLI-IaSN ST WNNILLIND ANPPY YIM WNMOLLIND 0202 juawdorasag
[euoissajo.d Afenb y3ig 110daa S19ydea], Juawddull S1aydes], Arenue|( ‘s1aydea ¥ ‘id [eUoISS3j0.1d 7
gupsallofd
6107 J01eUIpIoo) |  JO S9[IAD 7 yusursjdul
1390320 103(01d ‘Id | 03 S19YdBd) H INIIY ‘T
uonpnpA3 a|qisuodsay

uonrvnbAg /S2W0IINQ W.133-6u07 uo pasnq sabuoy?) SaW02INQ W.1a3-340YS aujjawl], (s)uosiaq SanIAIIY

SUI00.1SSe[d aAlsn[oul § ul pajo[id aq 03 yelp 3313[dwod SUO Ul J{NS3I 03 INO PALLILD

3JB WN[NILLIND 31 JO S2INILI] [[ JO $1S91 10[1d T dANAIqQ

(s11adxa yaim
s3uneau ATipuourlg
pUE sIaureif,
‘198eue|y 30a(01g

‘SId UM ssunaaw

LOPUBNVA

ITTV¥8 VAAD

PR/Award # U411C190279

Page e32



S.Iayoeay,
d[qe[teAe A[[euonen st gururedy,

SIayoea], s193uad Sunedonued | Juswdo[aaa( [BUOISS3JOI] (o ‘S|d “1adeuey SI21u9)

Sururel], ‘S|4 1030211q weidold JO Joquinu 3y} 9Sea.Ioy| pUE WN[NILLINY) | PUB 4§ Jeag weldold 91e3S AJusp] °1
uonpnipAyg UoIIDNIDAY /SaU0IIN0 ajqisuodsay

uonpNbAg /Saw0IIng Waa3-b6uoT uo pasnq sabuoy’) W4a3-340YS auljaul ] (s)uosiag S3a1AIOY

Juawdo[aA3p [euoissajoad yam uonejusws|durt wnmoLLng 310ddng :1 2A323lqQ

‘(Auduwrdojaaap 13ysea) 310ddns pue wN[nILLIND Juduwrd{durr 03 SI193U3) [EUOHEN PUE 31E]S J€ SIYIEL0I
uje.]) ‘por1ad Juels Suimop[oj y.1om ureisns o) [uuos.iad LsIp Jo Aeded pring 03 juawdo[aaap [euolssajo.ad pappaqua 3s() :¢ [€0D)

"Z 3]G [ pup 3svyd uo1IDNIVA3 JAIIDWIUNS JUD]d UOLIDNIDAT f0 UOIIdIIISaP 07 433y

(z11040)) £2-2Z20Z pue (1 11040)) ZZ-TZ0Z SIeak [00yds 10j (A103e10[dxa) s1snw pue Supjunp euonendurod

{(A101eULIyUO0)) SULUIE3] [BUOHOWS [E1I0S PUR SONBIIIIEUI UI SIW0INO0 PIIyd paaoiduy ur s3nsal ANEPY yim uoneyuaurd(du] :7 (205

PoJeUIWASSIpP
amnsuj pue paysiqnd
Junjunys reuoneinduiod yooouey A[reuoissajoad
pue 21snu ‘WiLS 01 (pareurWIaSSIp 91qJIaH ‘PHAISOM 3Je S[eLIarew
pasodxs sjuapmnis uslIediapuny SI91U9) UOIIeUIWISSIP aJe s3] Auew moy)) g ‘1032911 pUE $92INn0S31
JO Ioqunu paseaou] JO Jaquunu a3 asea.lou| S9)eYy UODBUIWASSI(] | pue§ Jeax wexdoad W MoLLINY T
uonvnpA uonDNIDAY /S8 0IIN0 ajqisuodsay
U0IIDNDAF /SaUW02INQ WLd3-Buog uo pasbq sapuoy?y W123-110ys aujjawl] (s)uosiag $3121A120Y

a[qerteae Apignd aue sy1oddns pue doysytom juawdo[aaap feu

o1ssajo.d ‘soapia uoneyuawa[du

‘wnnaLLny :p 3AnRIlqo

T 10y J10j paaoidde

SIayoea ], 1071d
pue ‘syiadxyg

siladxa
pue s1aydeal £q

STelIB]N T LDY Joye pajenjeas aJe SI wmnoLLINg pajeadaiu] 1207 ‘S|d ‘2010011 | panoadde ale s[eliale|

pue wnnoLLIny pasoxduy] S[ELI9]BJ pUB WN[NILLINY dAISUaYa.IduIo) JowIuIng we13old pue wn[noLLINY ‘7
s1ladxa

pue s1ayoea)l 4q

T 1Dy 10j paaoadde si sIayoes], 10[ld | paaoidde ale s[eLIale|y

S[eLIle T LDY 13ye | Juswdo[aaa( [BUOISSRJ0.1d pue ‘siiadxy | 31oddng pue doysyaopm

110ddng pue juswdolaaag | pajeneaa ate siroddng pue wnnaLLIn) pajerdojug 1202 ‘s1d ‘“1adeuely juswdojaaaq
[euolssajoud pasoidw] | juswdo[@Ad( [BUOISSIJ0IJ aalsuayardwon lawwng weadoad [euoIssajold ‘T

LOPUBNVA

ITTV¥8 VAAD

PR/Award # U411C190279

Page e33



SIayoea]
Suyurel], ‘siq “1030a11q weldoad

s19juad Sunedpnaed
JO Jaquinu ay3 asealduf

J[qe[reae A[feuoney SI
Juawdo[3A3(] [BUOISSJ0.Id
pue wnnoLLm)

S
pue § Ieax

‘SId ‘“188euey
wexdold

SI9jua)
[euoneN Ajnuapj ‘g

LOPUBNVA

ITT¥V¥8 VAAD

PR/Award # U411C190279

Page e34



CFDA 84.411C YAMandCT

Conceptual Framework

Courey, Balogh, Siker, & Paik (2012) examined the effects of using music notation to
teach beginning fraction concepts to diverse groups of third-grade students. Results demonstrated
significant differences between experimental and comparison students’ music and fraction
concepts, and fraction computation at posttest with large effect sizes. Students who came to
instruction with less fraction knowledge responded well to instruction and produced posttest
scores similar to their higher achieving peers.

Courey et. al. utilized a semiotic approach to instructional design by creating an
environment filled with multimodal opportunities for students to make conceptual connections
between properties inherent in fraction representations and fraction symbols. Because an
effective learning environment should include opportunity and strategically selected tools for
students to make connections and construct meaning (Abrahamson, 2009), we chose music
notation as the initial medium through which students could grapple with their emerging
understanding of beginning fraction concepts for two reasons. First, we noticed that young
students who were learning to play an instrument for the first time seemed to have little difficulty
adding and subtracting the value of music notes. Second, utilizing music notation enabled us to
create a multimodal environment for students to experience the proportional values inherent in
music notes. Students read the notes, called the notes by name, clapped and drummed the value
of the notes.

We employed components of the Kodaly system of music education (Hurwitz, Wolff,
Bortnick, & Kokas, 1975). This system is especially designed for young children as it promotes
experiential learning via several learning modalities (i.e., visual, auditory and kinesthetic) (Gault,
2005). The following components of sound instructional practices were incorporated in each
lesson: teacher modeling guided practice, independent practice and cumulative review (Scarlato
& Burr, 2002). Azaryahu, Courey, Elkoshi, & Adi-Japha (in review) replicated and extended
Courey, Balogh, Siker, & Paik (2012) with similar results. We have a compelling reason to view

music instruction as an integral part of the elementary curriculum, due to its utility in teaching
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beginning fraction concepts and related fraction computation to elementary students. This
converging body of evidence encouraged us to develop a theoretically similar curriculum for
kindergarten students using music to teach mathematics and computational thinking.

Mathematics and music are related in the brain from very early in life (Geist, Geist, &
Kuznik, 2012; Linder, Powers-Costello, & Stegelin 2011; Zentner & Eerola, 2010) Musical
elements like steady beat, rhythm, tempo and melody possess inherent mathematical principles
such as spatial properties, sequencing, counting, patterning, and one-to-one correspondence - the
very concepts included in the Common Core State Standards as well as CT and coding (Geist,
Geist, & Kuznik, 2012; Bers, 2010). Additionally, An & Tillman (2015) found bilingual
elementary students transferred understanding of patterns and proportions found in music to a
mathematical context. Learning to relate patterns and proportion to pleasant sounding musical
arrangements led to positive dispositions towards mathematics. If dispositions toward math could
be improved by using music, perhaps bringing coding and music into the curriculum could
predispose these young students to a digital environment.

We are currently examining the effects of Young Academic Music on the development of
the following three areas of mathematics: 1) number concepts and quantities; 2) number
relationships, and operations; and 3) Patterns. Utilizing the principles of Universal Design for
Learning (UDL) ensures that learning is accessible to students who need a variety of ways to
engage with the lesson and demonstrate what they have learned (Rose & Meyer, 2002). We view
teachers as learning facilitators and we utilize a variety of tools and strategies to remove barriers,
create access to curriculum and provide rich educational opportunities. Kindergarten students
with disabilities learn to read musical notes and perform basic rhythmic patterns through
clapping and drumming. They work toward adding musical notes together to produce numbers
and patterns, and create addition/subtraction problems with musical notes. These music notes
come alive as animated objects that engage students with a fun concrete representation of the
value of the note. Activities are designed to reinforce note values by engaging with animated

note dolls, drumming rhythms based on the value of a whole note, and adding and subtracting
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numbers as these values relate to musical notes and rhythms. The preliminary success of these
lessons encouraged us to extend the curriculum to include computational thinking through

computer programming (Please see Logic Model in G).

To provide a more rich and in-depth curriculum, we introduce basic computer
programming as an embodied learning environment where students can experiment, create, and
connect knowledge in a social environment (Kafai & Burke, 2014). Research demonstrates how
young children can move between music notes, number symbols and gesturing to develop
understanding of abstract concepts (Radford, 2003; Presmeg, 2006). Building on Papert’s
conceptualization of computational thinking and technology, we view coding as a way to help
students learn by making, creating, questioning, and playing (Papert, 2000). To truly create a
novel music and STEM curriculum, we need the teaching and learning of programming to be
integrated across the curriculum so that it becomes a part of everyday classwork. As students
make connections between musical rhythms and different magnitudes and patterns of numbers,
we integrate coding to reinforce learning, create varied perspectives on what is being learned,
and as a way to document and share learning trajectories (Bers & Horn, 2010).

This multimodal approach to early music, math, and computational thinking instruction
encourages a deeper understanding of mathematical reasoning because students are introduced to
number, pattern, and problem solving concepts in fun and engaging ways. Computational
thinking is a vehicle for refining understanding and expanding concepts across the curriculum
within a safe social learning environment. (Kafai & Burke, 2014). Through this spiraled
curriculum of music, mathematics, and CT, we are creating a safe and shared learning
environment in which students can physically and virtually interact with, create and improve
music, math and computer programming understanding. Students will progress through the
curriculum working in pairs because student motivation and troubleshooting persistence
increases significantly when they work in pairs (Kafai, & Burke, 2014). Working in pairs
requires students to communicate and collaborate. In turn, these ongoing interactions to achieve

a common goal is likely to improve students’ social and emotional learning (Bers & Horn, 2010)
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We look to Scratchlr to begin coding because it is free digital coding playground that can
engage diverse groups of children with varied levels of interests and achievement (Bers and
Resnick, 2015). This curriculum and professional development for elementary teachers to
implement this novel curriculum, requires us to challenge teachers to have high expectations for
all students, including English Language Learners (ELLs) and students with disabilities, and
intentionally focus on how to support all students. Because we aim to address the needs of all
learners in inclusive classrooms, we look to ScratchJr as an accessible coding program platform.
Scratchlr is designed to address the following ideological and ethical principles that allow access
to STEM for all students: low floor (students at any ability level can utilize the program to
increase learning); high ceiling (gifted students and students who are proficient in music and/or
math) have opportunity to move beyond grade level objectives and possibly create a better
curriculum and learning trajectory. By incorporating coding and CT, we are not only creating a
low floor for struggling students, and a high floor for higher achieving students, we are allowing
for wide walls in a classroom, virtual and real, for expanding what we think we know about
teaching and learning in kindergarten (Kafai & Burke, 2014)

As we extend this curriculum, learning activities will be designed to provide students
with opportunities to elaborate their ideas, to make their reasoning explicit through the use of
why and how questions, and to make abstract concepts more concrete by using visuals and
interactive materials (Grossman, Schoenfeld, & Lee, 2005). Professional Development for
teachers implementing this novel curriculum will focus on training teachers to build connections
across music, mathematics, and computational thinking content.

Professional Development. Teachers will have the opportunity to practice implementing
lessons that elicit student engagement, reasoning and discussion in the math classroom. In early
inclusion classrooms, teachers have difficulty assessing students’ developmental levels of
understanding and differentiating instruction to meet students learning needs. In turn, we will
discuss how teachers can learn to address what makes concepts difficult to comprehend and how

to provide scaffolding when students struggle to formulate ideas and understanding. We
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combine elements of direct instruction with more student-centered, constructivist teaching
strategies so teachers can model how to teach children to solve problems more conceptually. Van
Garderen, Scheuermann, Jackson, & Hampton (2008) explain that no one teacher, no matter how
qualified, has all the pedagogical expertise and content knowledge required to meet the needs of
ALL students. To address this challenge, we will design instructional progressions that; a) enable
students with learning and language challenges to develop multiple ways of building
representations for math concepts; b) multiple resources for accessing conceptual content; and ¢)
multiple opportunities and output methods for students to demonstrate their understanding.
Through well-designed lessons and varied pedagogical practices, students will develop a
mathematical mindset and learn to see math in the world around them.

WestEd Product Development. This product will be developed into a web-based,
downloadable teacher’s guide with accompanying downloadable teacher tools and training
video. The product will consist of 18, 30-minute lessons, downloadable materials and two 10-
minute videos, one which overviews the product and research that supports the curriculum along
with a demonstration video of the curriculum, materials and methods for delivery. Throughout
years 1-3 of the project, production staff will periodically interface with researchers to address
any post-research production issues.

The curriculum will include a 20-30 page introduction of background information,
including the research base and project findings, 18 lesson plans that include a list of lesson
objectives, a list of materials needed to conduct the lesson, description of the prior knowledge
and experiences that students should possess to successfully participate in the lesson, and written
procedures to provide the instruction. The written lessons will contain hyperlinks to the
necessary downloadable materials that need to be copied onto hard stock for use in the
instruction, and hyperlinks to video clips needed throughout the lesson. The materials list will
include the links to the downloadable materials and description of any other items that need to be
gathered to support the lesson, and instructions for their use (See Appendix I ) for example of a

similarly formatted lesson). The guide will include up to 50 pages of lesson materials that are
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used or can be downloaded for use with the lessons. This electronically produced curriculum will
be produced in year 4 and made available at the end of year 4 and throughout year 5 of the
project.

The first of two videos will describe the rationale for the curriculum along with the
theoretical and research base for the material. This video will interview the researchers in the
project and teachers of the curriculum, while showing lessons in action with students. The
second video provides a narrated description and visualization of the curriculum lesson plans,
materials, and a demonstration of how to utilize these products in a sample lesson.

The Herbie Hancock Institute (HHI) will create additional two types of videos for the
project. First, they will create videos depicting teachers overcoming implementation challenges
and struggling student video with anticipated misconceptions and behavioral challenges. Second,
HHI will create music note video with animated music notes displayed as simple songs like
Mary Had a Little Lamb for students to follow along.

Feedback and Continuous Improvement

Our project design includes several strategies for feedback and continuous improvement.
Weekly meetings during the first year of the project are the venue for our team needs to engage
in cycles of exploration using a variety of sources to plan, assess, and evaluate the developing
curriculum. Using multiple data sources to analyze student, educator, and system performance
will help create a more balanced and comprehensive picture of curriculum and professional
development. Experts will discus, examine, evaluate, and provide feedback on the development
process during bi-monthly meetings in the first year. Our external evaluator, SRI, will document
the YAM program developers’ work to provide guidance on effective strategies suitable for
replication or testing across multiple contexts and with diverse populations. This will be done
through artifact analysis (e.g., PD training agenda and materials), teacher and administrator
interviews and surveys, observations of training, and site visits. Project personnel will also give
each other feedback, working closely together with SRI throughout the development, pilot, and

implementation phases of the project. Project personnel and SRI will continually assess progress,
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discuss process improvements, and assign responsibility for making them.
Management Plan Personnel.

The projects team consists of experts in the fields of mathematics, music and computer
programming who have worked together on research projects and program improvement
projects. Personnel roles are clearly defined. Personnel background and responsibilities are listed
below.

Susan Courey, Ph.D., Co-PI (20% FTE) is Early Childhood General and Special
Education Program Chair, Birth to Grade 2, at Touro Graduate School of Education. Dr. Courey
will direct curriculum development and teacher professional development planning and
implementation. She will also assist Dr. Haber with ensuring adherence to timelines, budgets,
and milestones.

Sarah Powell, Ph.D. Co-PI (5% Year 1 and 2, 10% Year 3 FTE) is an Associate
Professor in the Department of Special Education at the University of Texas, Austin. Her
research includes peer tutoring, word-problem solving, mathematics writing, and the symbols
and vocabulary within mathematics. Dr. Powell will work with Dr. Courey on curriculum
development and teacher Professional Development planning and implementation.

Roslyn Haber, Ed.D. (50% FTE, Project Manager and Trainer) has 35 years
experience with the NYC DOE as a teacher, evaluator, and administrator. She is a Co-Author of
Language Assessment Battery (instrument for the Federal Court Case Jose P. versus Mills to
determine dominant language for instruction). Dr. Haber has been an adjunct instructor at
Adelphi University and Fordham University. Dr. Haber is currently working with Dr. Courey on
the development and implementation of Young Academic Music. Dr. Haber will oversee all
project activities, manage the project, and train teacher during professional development
sessions.

Timothy Bellavia, M.F.A. (20% FTE, Trainer) is an Assistant Professor of the
Graduate School of Education at Touro College and University System in New York City. He is
an award winning children’s author, illustrator, and educator and has collaborated with Sesame

PR/Award # U411C190279 15
Page e41



CFDA 84.411C YAMandCT

Workshop and other music and drama professionals. He is currently working with Dr. Courey on
the development and implementation of Young Academic Music.

Endre Balogh, M.A. (Academic Music) is the co-founder of Toones Academic Music
and professional performer (saxophone, flute) degree from Trade Union of Hungarian Musicians
in Budapest, Hungary. Mr. Balogh is responsible for maintaining the integrity of the music
instruction in the integrated curriculum.

Charles Patton, Ph.D. (Technology and Mathematics consultant) is a mathematician and
former SRI senior scientist with an extensive track record of innovation in mathematics learning
technologies will serve as a consultant on the accuracy and coherence of the mathematics, music,
and computational thinking through the curriculum.

Elina Lampert-Shepel, Ed.D. (5% FTE Mediational Means and Reflective Practices)
is a teacher educator and Chair of the Childhood General and Special Education Program,
Grades 1 to 6 in the Graduate School of Education at Touro College. Dr. Lampert-Shepel is
responsible for ensuring that the Cultural-historical psychology of Vygotsky, which informs the
conceptual framework of the music, mathematics, and computational thinking curriculum, drives
the design of teacher professional development.

Brenda Strassfeld, Ph.D. (5% FTE Mathematics Pedagogy) is a mathematics
educator and Chair of the Mathematics Education Program in the Graduate School of Education
at Touro College. Her research concerns teachers’ and students’ attitudes and beliefs regarding
teaching and learning mathematics. Dr. Strassfeld is responsible for informing the design of
professional development for teachers implementing the mathematics, music, and computational
curriculum, including reviewing available literature on effective classroom practices and
professional development models
Dissemination and Support.

The curriculum will be disseminated through a series of announcements in appropriate
special education, music and math/STEM publications, as well as at professional conferences in

special education, music and math/STEM. Flyers will be electronically disseminated to email
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lists of special education administrators, special education teachers, approved private special
education facilities, music educators and math/stem educators. This will occur at the end of year
4 and throughout year 5. Project personnel will recruit state regional and national educational
information centers to disseminate curriculum and professional development materials. Further,
the Herbie Hancock Institute and WestEd fully support the project and will make all resources
and materials available on their websites.
Project Evaluation

SRI International will conduct an independent evaluation of the YAM program’s impact
in improving mathematics achievement, social and emotional competencies, computational
thinking, and understanding of music notation among high-need kindergarten students. The
evaluation will comprise two phases. The formative phase will augment Touro’s development
and continuous improvement of the YAM program. The summative phase will use a randomized
control trial (RCT) study designed to meet What Works Clearinghouse standards without
reservations to measure the implementation and impact of the YAM program on kindergarten
students’ two main outcomes from the confirmatory analysis, mathematical achievement and
social and emotional competence, and two secondary outcomes from the exploratory analysis,
computational thinking and music notation. The summative evaluation will further include an
exploratory moderator analysis of these outcomes among students’ demographic characteristics.
These characteristics will include disability status, as a previous efficacy study of a music-based
intervention for third grade mathematics reported strong effects for this particular subgroup
(Courey, Balogh, Siker, & Paik, 2012).

Formative evaluation phase. During Years 1 and 2 of this early-phase grant, SRI will
provide Touro with information to support the ongoing improvement of each component of the
YAM program as it is piloted. The formative research will address teachers’ perceptions of how
well YAM helped students learn mathematics, computational thinking, and music, as well as
teacher perceptions of the relevance, coherence, and feasibility of implementation of the

curriculum and professional development supports. This information will be collected through
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focus groups, interviews, and surveys of the pilot teacher participants, and will include their
recommendations on how to maximize the engagement and participation of administrators,
teachers, and students as the full intervention is implemented. In addition, SRI staff will
collaborate with Touro in reviewing observation data from YAM classrooms in order to improve
and refine YAM products. These formative data collection activities are aimed to support
ongoing improvement of YAM, and also to allow SRI to develop and refine the implementation
fidelity and quality measures and identify thresholds of these measures that will be incorporated
into the summative evaluation.

Summative evaluation phase. To address the second goal of this project, during Years 3
and 4 of the project, SRI will employ a cluster randomized controlled trial, clustered at the
teacher/classroom level and blocked by school, to test the impacts of YAM on student outcomes.
The evaluation will be comprised of two cohorts of kindergarten students (Cohort 1 in the 2021-
22 school year and Cohort 2 in the 2022-23 school year), resulting in a total of 1000 kindergarten
students across 70 classrooms from approximately 15 schools in urban New York City school
districts and urban and neighboring rural school districts in Austin, Texas (Please see school
district demographic information in Appendix I). Cohort 1 will consist of 500 kindergarten
students from 35 classrooms that will be randomly assigned to receive either the 18-session (9
week) intervention or conduct business-as-usual (BAU) mathematics instruction in spring 2022.
Cohort 2 will consist of another 500 kindergarten students in classrooms randomized to either
intervention or BAU comparison groups in spring 2023. Recognizing the critical importance of
the districts’ and schools’ involvement and enthusiasm in the study, SRI will begin actively
engaging with the districts during the first two years of the study, describing the project and the
impact goals, explaining the purpose of an RCT design, and inviting districts to participate in the
implementation and impact study.

Data collection includes measures of student demographic characteristics, student outcomes,

and implementation fidelity. Findings on outcomes and implementation, and feedback on
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progress toward intended outcomes will be shared through annual reports and regular project
briefings.
Power Analysis
A previous efficacy study of a similar music-based mathematics instruction reported an

effect size of 0.44 for the overall sample of students and 1.15 for a subsample of students who
performed poorly at baseline (Courey et al., 2012). SRI conducted a power analysis estimating
the minimum detectable effect size (MDES) for HLM analyses using the methodology in
Schochet (2008). All calculations used the standard power level of .80 with a two-sided alpha of
.05. The MDES is 0.231 for student outcomes, which falls below those found in the efficacy
study. Thus, the proposed research design is well-powered for detecting treatment effects on
student outcomes (see details of power analysis assumptions in Appendix [). Given that the
proposed evaluation is based on a teacher-level RCT that is free of confounding factors and is
expected to have low attrition, the summative evaluation is likely to produce strong evidence
about the impact of YAM that will meet WWC evidence standards without reservations.
Evaluation Questions and Measures

Table 2 provides a list of the confirmatory and exploratory research questions that will be
analyzed in the summative evaluation, including questions pertaining to implementation,
mediator, and moderator analyses. Each research question is mapped to a specific outcome,
along with the relevant data sources for each outcome. Details of each measure are described
after the table.

Table 2. Evaluation Questions, Outcomes, Data Collection Tools and Measures

T :
RQ Outcomes Data Collection

Tools & Measures

RQ1 (Confirmatory). Do kindergarten | Students’ mathematics Pre-test: Mid-year district

students in the treatment classrooms achievement mathematics assessment

show greater mathematics ability obtained from student records

compared with students in the control

classrooms? Post-test: TEMA-3 (Ginsburg
& Baroody, 2003)
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RQ 2 (Confirmatory). Do kindergarten
students in the treatment classrooms
show greater social skills compared
with students in the control classrooms?

Students’ social and emotional
competence

Pre- and post-test: DESSA
(LeBuffe et al., 2009)

RQ 3-4 (Confirmatory,
Implementation). To what extent is
YAM implemented with fidelity? What
are the factors that hinder or facilitate
the implementation of YAM?

Implementation fidelity and
quality

Observation protocols,
teacher surveys, teacher
interviews and focus groups

RQ 5 (Exploratory). Do students in the
treatment classrooms show greater
computational thinking skills compared
with students in the control schools?

Students’ computational
thinking

Assessment developed and
refined during development
phase of project

RQ 6 (Exploratory). Do students in the
treatment classrooms show greater
understanding of music notation
compared with students in the control
classrooms?

Students’ music notation
understanding

Assessment developed and
refined during development
phase of project

RQ 7 (Moderator). To what extent is
the impact of YAM on student outcomes
moderated by student (e.g., student
disability status and other demographic
characteristics), teacher/classroom
(teacher experience, probationary
status, class size, and classroom
average prior achievement), and
school (school size, demographic
composition, and district indicator)
characteristics?

Test differential impact of YAM
by student, teacher/class, and
school characteristics in
abovementioned student
outcomes

Abovementioned student
outcome and
teacher/classroom, and
school characteristics

RQ 8 (Mediator). To what extent is the
impact of YAM on student outcomes
mediated by the improved quality of
teacher instructional practice?

Link Implementation fidelity and
quality with student outcomes

Abovementioned
implementation measures and
student outcome measures in
mediation analysis

Student outcome measures. To assess mathematics achievement, SRI will conduct direct

assessments with students using the Test of Early Mathematics Ability, third edition (TEMA-3;

Ginsburg & Baroody, 2003). TEMA-3 is a standardized, individually administered norm-

reference test of mathematics performance for children ages 3 to 8. The 72-item assessment

provides an overall score based on subscales measured for the following domains: numbering

skills, number-comparison facility, numeral literacy, mastery of number facts, calculation skills,

and understanding of concepts. TEMA-3 has been validated in numerous studies, with

Cronbach’s alpha above 0.92 (Ginsburg & Baroody, 2003: Hoffman & Grialou, 2005). TEMA-3
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will be collected by SRI’s external evaluation team at post-test in spring 2022 (Cohort 1) and
spring 2023 (Cohort 2) following the 9-week intervention.

To explore the impact of YAM on social and emotional competence, the Devereaux Student
Strengths Assessment (DESSA; LeBuffe, Shapiro, & Naglieri, 2009) will be administered. The
DESSA is a norm-referenced behavior rating scale that assesses social and emotional
competencies in students grades K-8. This teacher-reported measure consists of 72 items
completed in 5-7 minutes that measure the following constructs: social-emotional competencies,
cognitive competencies, interpersonal competencies, and intrapersonal competencies. The
DESSA has been found to exhibit both convergent and divergent validity (Nickerson & Fishman,
2009) and shows a strong internal consistency of 0.90 (LeBuffe et al., 2014). The DESSA will be
collected at pre-test in January/February just prior to the start of the YAM program
implementation, and at post-test in April/May after the 9-week program is completed.

Assessments for computational thinking and comprehension of music notation have yet to
be validated and demonstrated for widespread research purposes, particularly for early
elementary students. As such, SRI will take an exploratory approach to the YAM program’s
effects on computational thinking and music by supporting the developers in co-constructing and
piloting the assessment for its internal consistency during the first two years of the project.

Student background characteristics. SRI will collect demographics, special education
status, free and reduced priced lunch status, and English Language Learner (ELL) status to use in
the impact and moderation analyses. Mid-year district mathematics assessment scores also will
be collected as a pre-test measure of academic achievement.

Data analysis plan

Main Impact Analysis. Given the clustered nature of the data, the magnitude of YAM
program effects on student outcomes will be estimated using a Hierarchical Linear Modeling
(HLM) strategy. HLM adjusts standard errors to account for the dependence among students

within classrooms within schools, thereby avoiding the overestimation of statistical

PR/Award # U411C190279 2l
Page e47



CFDA 84.411C YAMandCT

significance of the effect size (Hedeker & Gibbons, 2006; Raudenbush & Bryk, 2002). To
align with the random assignment procedures, treatment effects will be estimated at the
class/teacher level. Additionally, classroom-, teacher-, school-, and when appropriate, student-
level covariates will be included to reduce residual error and increase power. Spring post-test
scores will serve as the dependent variable, while pretest scores will be included as a student-
level covariate. Because two states/districts administer different math assessment for kindergartens
at pretest, we will convert the pretest to z-score by the state or national mean and standard
deviation for each state before we put them in the following HLM (May et al., 2009). Please refer
to Appendix |, table ].1 for the HLM specifications.

Attrition. Though attrition at the school level is expected to be minimal and similar across
conditions and student level attrition is expected to be around 15%, before conducting the impact
analyses, SRI will monitor school and student overall and differential attrition rates throughout
the course of the study and take corrective action to reduce it. Based on our prior experience with
cluster RCTs, minimal teacher-level attrition and 15% student-level attrition is expected,
qualifying this RCT study design to meet the WWC evidence standards without reservations.

Subgroup and moderation analysis. Reasonably-sized subgroups defined by student
characteristics (e.g., special education, ELL, and ethnicity) will be tested to determine whether
they benefit from YAM more than others. The HLM will be modified by adding the moderators
as covariates and as grand-mean centered interactions with the treatment indicators. The
coefficients of the interaction term will be tested using Wald’s test to determine whether
moderation effects are present.

Mediation. We hypothesize that staff reports of improved teacher instructional quality may
mediate the effects of intervention on mathematics achievement and social emotional
competence. SRI will use structural equation modeling to test mediation effects because of its
superior ability to more properly address the presence of measurement error within a statistical
model than regression models (Holbert & Stephenson, 2002; Iacobucci, Saldanha, & Deng,
2007, Little, Card, Bovaird, Preacher, & Crandall, 2007).
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Implementation evaluation. During the Years 1 and 2 development phase of this study,
SRI will analyze the multiple sources of implementation data sources to produce a matrix
describing specific fidelity domains (e.g., professional development), indicators within each
domain (e.g., teacher attendance, hours of participation), and critical thresholds for each
implementation indicator and domain (e.g., 90% participation in full-day professional
development trainings). This implementation matrix will then be used during the Years 3 and 4
efficacy study to supplement the impact analyses and provide guidance for how the YAM
program might be implemented in other settings. Data sources for this implementation fidelity
analysis will be derived from both qualitative and quantitative data. Teacher surveys will provide
data on program uptake (intervention teachers only), the difference between the YAM program
and the business as usual experience (intervention-comparison contrast) and perceived supports
and barriers to implementing YAM. Analyses of these data will also examine similarities and
differences across classrooms and schools to assess any variation in replication. Finally, data
from teacher interviews will provide information on local conditions or contextual factors related
to implementation, contamination, and cross-over (if the latter two occurred).

As part of the implementation evaluation, SRI will document the YAM program
developers’ work to provide guidance on effective strategies suitable for replication or testing
across multiple contexts and with diverse populations. This will be done through artifact analysis
(e.g., PD training agenda and materials), teacher and administrator interviews and surveys,
observations of training, and site visits. SRI will study the resources the intervention developer
allocated in developing teacher’s capacity and experience with the supports, the teacher’s
developing expertise and sense of ownership of the YAM curriculum, and teachers’ use of and
experiences with YAM’s curricular components across the different school sites. For each of
these topics, we will pay close attention to local contextual factors that support or inhibit
successful replication, documenting variation in implementation and adaptation to local needs.

Final analysis will triangulate the local site contextual data with site-level implementation
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fidelity and program uptake data and impact estimates with an eye towards identifying critical
project components that can be replicated and sustained in various conditions.

Cost Effectiveness. For this early-phase study, SRI will determine a cost per student using
the ingredients method (Levin & McEwan, 2001). Researchers will identify each program input
through document review and implementation interviews, then identify and cost out a master list
of program ingredients using data collected from sites, publicly available data, and the “Cost
Out” tool (Hollands, et. al., 2015). SRI will then compare treatment to control ratios of program

costs to benefits calculated.
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