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1

“SCIENCE OF 
READING”

This term is used broadly to refer to:
The components of reading that 
research – most notably the Report of 
the National Reading Panel (2000) -
identified should be taught and 
developed: phonemic awareness, 
phonics, fluency, vocabulary, and 
comprehension

“Scientifically-Based Reading 
Instruction”

“Evidenced-Based” 
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“SCIENCE OF 
READING”

In the last several years, the term is 
increasingly used to refer to:

The neuroimaging and neurocognitive 
studies that identify areas and pathways 
in the brain that are developed and 
used in reading alphabetically-based 
writing systems such as English

3

3 4

(William James, 1899)

“Teaching is an art, and sciences 
never generate arts directly out 
of themselves”

“An intermediary inventive
mind must make the
application”
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“Our concern is that although 
reading science is highly relevant 
to learning in the classroom 
setting, it does not yet speak to 
what to teach, when, how, and for 
whom at a level that is useful for 
teachers” (p. S121)

“The [National Reading Panel] 
report identified several targets 
for instruction supported by 
empirical research, but left open 
numerous questions about what 
to teach, when, how, and for 
whom, as the authors 
acknowledged” (p. S123) 

Seidenberg, M., Borkenhagen, M. C., 
& Kearns, D. (2020). Lost in 
translation? Challenges in 
connecting reading science and 
educational practice. Reading 
Research Quarterly, 5(S1) pp. S119–
S130. 
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Science can inform what is important and needs to 
be given instructional attention, but it is the 
teacher’s craft and art that determine how that 
attention should be engaged. 

7

The Craft:
Understanding the 
content to be taught 
and the 
developmental
interrelationships 
among these 
different types of 
information

The Art:
In light of this craft 
knowledge, 
orchestrating 
instruction in the 
moment with a 
specific child or 
group of children

Knowing what, when, how, and for whom
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There have been a number of studies that have 
offered insight into “what to teach, when, how, and 
for whom”
They help inform James’s “intermediary inventive 
mind [that] must make the application”
…the Art and the Craft of teaching
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What Do You Notice?
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11

Preschool, kindergarten, and 
primary grade teachers have 
considerable insight into this 
composition and what underlies it 
– based on their craft knowledge.

12
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Once upon a time

The elephant went to the fair

The people saw him eating strawberry cake

Nobody saw him again

The End
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Immersion in print and books

The types and quality of talk that 
accompany read-alouds

The critical role of vocabulary 
knowledge
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The Importance of 
Knowledge of the Alphabet . . . 

15

Alphabet Sort

16

16

Beginning Sound Sort

17

17

The interweaving of all of these 
different types of experiences 
with print, including writing …

18
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“Spell simple words 
phonetically, drawing 
on knowledge of 
sound-letter 
relationships.”

Kindergarten

20

Early Writing/Invented Spelling: Instructional Studies

Copp, S. B., Cabell, S. Q., & Invernizzi, M. A. (2019). Kindergarten teachers' use of writing scaffolds to support 
children's developing orthographic knowledge. Literacy Research and Instruction, 58(3), 164-183. 

Mann, V. (1993). Phoneme awareness and future reading ability. Journal of Learning Disabilities, 26, 259–269.
Martins, M. A., & Silva, C. (2006). The impact of invented spelling on phonemic awareness. Learning and 

Instruction, 16(1), 41–56.
McBride-Chang, C. (1998). The development of invented spelling. Early Education and Development, 9(2), 147–

160. 
Morris, D., Bloodgood, J. W., Lomax, R. G., & Perney, J. (2003). Developmental steps in learning to read: A 

longitudinal study in kindergarten and first grade. Reading Research Quarterly, 38, 302-328.
Morris, D., Trathen, W., Perney, J., Gill, T., Schlagal, R., Ward, D., & Frye, E. M. (2017). Three DIBELS tasks vs. 

three informal reading/spelling tasks: A comparison of predictive validity. Reading Psychology, 38(3), 289-
320.

Ouellette, G., Sénéchal, M., & Haley, A. (2013). Guiding children’s invented spellings: A gateway into literacy l
earning. The Journal of Experimental Education, 81, 261–279. 
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Early Writing/Invented Spelling: Neuroimaging Studies
Developing orthographic knowledge is supported by shared neural substrates for both writing and reading 
(Templeton, in press)

Longcamp, M., Velay, J. L., Berninger, V. W., & Richards, T. (2016). Neuroanatomy of handwriting and 
related reading and writing skills in adults and children with and without learning disabilities: French-
American connections. Pratiques. Linguistique, littérature, didactique, 171-172.

Planton, S., Jucla, M., Roux, F. E., & Démonet, J. F. (2013). The “handwriting brain”: a meta-analysis of 
neuroimaging studies of motor versus orthographic processes. Cortex, 49(10), 2772-2787.

Richards, T. L., Berninger, V. W., & Fayol, M. (2009). fMRI activation differences between 11-year-old good 
and poor spellers' access in working memory to temporary and long-term orthographic 
representations. Journal of Neurolinguistics, 22(4), 327-353. 
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Demonstrate understanding 
of spoken words, syllables, 
and sounds (phonemes):
•Recognize and produce 
rhyming words. 
•Count, pronounce, blend, 
and segment syllables in 
spoken words. 
•Blend and segment onsets 
and rimes of single-syllable 
spoken words. 

Phonological Awareness

23

•Isolate and pronounce the 
initial, medial vowel, and 
final sounds (phonemes) in 
three-phoneme 
(consonant-vowel-
consonant, or CVC) words. 
•Add or substitute 
individual sounds 
(phonemes) in simple, one-
syllable words to make new 
words. 

These levels of phonological awareness, however, 
depend on print :

24
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Spoken words are 
represented in written 
language by specific 
sequences of letters

Words are separated by 
spaces in print

25

Kindergarten Print Concepts

25 26

Partial Phonemic Awareness        Full Phonemic Awareness

27

27

“CONCEPT OF WORD IN TEXT”

A word is a group of letters with spaces 
on both ends. 

28

29

30

30
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“The word begins ‘to stand still’ for 
analysis, [and children] can attend to 
other letter-sound properties within the 
word unit (e.g., the ending consonant).” 

(Morris et al., 2003, p. 321) 

31

Gehsmann & Templeton (2022). Teaching Reading and Writing: 
The Developmental Approach (2nd ed.). Pearson.

32

“Concept of Word in Text” answers and explains these 
common questions:

Why do some children struggle with phonemic awareness 
– isolating and blending sounds within words?

Why do some children struggle to learn sight words? 
Why do they seem to be able to read a word one day, and 
not be able to a day later?

33

Concept of Word in Text

Supports full phonemic 
awareness – the explicit 
awareness of all consonant and 
vowel sounds within a syllable. 

The development of children’s 
sight vocabulary – words that 
they can identify immediately 
in and out of context –
increases dramatically.

34

The Craft:
Understanding the content 
to be taught and the 
developmental
interrelationships among 
these different types of 
information

The Art:
In light of this craft 
knowledge, orchestrating 
instruction in the moment 
with a specific child or 
group of children

Knowing what, when, and 
how to teach to which 
children
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Sequencing Sentences

W ildsm ith , B rian . C at on  the  M at. London  U K : O xfo rd .

36
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Move to matching and sequencing words

W ild sm ith , B rian . C a t on  the  M a t. L ond on  U K : O xfo rd .37

37

Isolate and examine the words

As children read and 
re-read, they begin to 

recognize and remember 
certain words...

W ildsm ith , B rian . C at on  the  M at. London  U K : O xfo rd .

38

Isolate and examine the words

Create a Word Bank
of known words...

Review these words to grow a 
sight vocabulary

39

Word Family Sort

40

40

Word Family Sort

41

Short Vowel Word Sort

cap pig hot oddball
fast ship stop for
camp fish lock ball
hat sit shop
mad hill job
trap him not

42
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The basic premise of all sorting 
tasks is to compare and contrast
word elements, separating or 
categorizing those that go 
together and those that don’t.

43

Focused Contrasts
(Invernizzi, 2017) 

Through categorization and discussion, word 
sorting develops understanding of sound, spelling, 
and meaning features.

Cartwright (2012) emphasizes sorting activities 
as a way for teachers to "provide multiple 
opportunities to think and talk about both sounds 
and meanings to foster children’s flexible 
thinking about these elements of print."

44

45
46

46

Phonics and Word Recognition –
Importance of Spelling

47

How students spell words tells us what they know
about words . . . and the types of information they 
use when they read words as well.

(Perfetti, 1997; Templeton & Bear, 1992/2012, 2018) 

48
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“Spelling and reading use the same lexical 
representation. In fact, spelling is a good test 
of the quality of representation.” (Perfetti, 1993)

49

“Practice at spelling should help reading 
more than practice at reading helps spelling.” 

(Perfetti, 1997)

49

…AND THIS IS WHERE 
FLUENCY COMES FROM:

It depends on knowing “How Words 
Work ”

Information that spelling provides about 
sounds, patterns, and meaning

50

50

(Templeton & Gehsmann, 2014)Gehsmann & Templeton (2022). Teaching Reading and Writing: The Developmental Approach (2nd ed.). Pearson.

51

(Templeton & Gehsmann, 2014)

Orthographic knowledge includes two components:
Memory for the spellings of specific words
Knowledge of the patterns that govern spelling in general

Templeton, S., & Bear, D. R. (2018). Word study, research to practice: spelling, phonics, meaning. 
In D. Lapp & D. Fisher (Eds.), Handbook of Research on Teaching the English Language Arts (4th ed.) 
(pp. 207-232). New York: Routledge/Taylor & Francis. 
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“The brain regions underpinning the spelling-to-meaning 
(ventral) pathway become increasingly more sensitive to 
letter strings between the ages of 7 and 13” 

(Rastle, 2018)

53

For many children, beginning in late 1st grade, 
these letter strings comprise 

Within-word vowel pattern knowledge

54
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Support from Neurocognition

The brain needs experiences from which generalizations 
about spelling patterns may be drawn.
Time invested in examining patterns, comparing and 
contrasting them, leads to establishing neuronal 
structures and pathways which can automatize 
recognition and production of spelling or orthographic 
patterns in words.

Perrachione, T. K., Del Tufoe, S. N., Winter, R. et al. (2016). Dysfunction of 
rapid neural adaptation in dyslexia. Neuron, 92, 1383-1397.

55

Let’s Do a Word Sort!

56

paint tray
train clay
pail gray
plain hay
wait pay
stain away

57

paint tray
train clay
pail gray
plain hay
wait pay
stain away

What do you notice?

58

paint tray
train clay
pail gray
plain hay
wait pay
stain away

What do you notice?
Does the position of the vowel sound 

give you a clue about the spelling?

59

The system whereby one dog can 
quickly establish an entire 
neighborhood network of barking.

rovalert 

60
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The embarrassing phenomenon of 
losing one’s swimming trunks when 
diving into a pool…

detruncus 

61

Knowledge of the processes of word formation in English – how 
prefixes, suffixes, base words, and Greek and Latin word roots 
combine – is the engine that will generate your students’ learning 
about thousands of words. (Templeton, 2012) 

Morphology

62

As learners examine the spelling of words, 
this process provides the foundation for 
their learning about morphology – the 
generative processes of word formation in 
English

63

Approximately 80% of 
words in the English 

language are built from 
more than one meaning 
element, or morpheme

(Baayen, 2010; Castles et al., 2018)

64

“The brain regions underpinning the spelling-to-meaning 
(ventral) pathway become increasingly more sensitive to 
letter strings between the ages of 7 and 13” 

(Rastle, 2018)

65

For 2nd and 3rd grade learners, these letter strings 
come to include:

Morpheme units – Base words + affixes

66
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Generative Word Study: 
Exploring Morphological Relationships

help 
helped 
helping 
helpful
helpfully 

unhelpful
unhelpfully

helpless
helplessly
helplessness 

67

When you learn one word, you learn ten…

68

In a unit on 
“Courage,”
for example, you may 
point out the following:

69

“When you learn one word, you learn ten.”
courage
courageous
courageously

discourage
discouraging
discouragingly
encourage
encouragement
encouragingly

unencouragingly

70

“[C]oming to appreciate morphological 
relationships in spelling may be central to 
developing reading expertise along the direct 
spelling-to-meaning (ventral) pathway”

(Rastle, 2019, p. 46)

71

������
$�RSAL

6E�TRAL

72
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“Spelling-Meaning 
Connection”

(Templeton 1979, 1983, 1985, 2012)

Words that are related in 
spelling are often related 
in meaning as well, 
despite changes in sound.

73

bomb
sign
muscle

Why are there so many
“silent” letters in words?

74

bomb
bombard
sign
signature
muscle
muscular

75

define

definition

definitive

Why does the same letter
spell different sounds?

76

Craft knowledge
The spelling system of English is more logical than 
most of us have thought. We can see this is the 
sound and meaning patterns we discover in spelling.

77
78
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"It seems probable that a better understanding of the 
American English orthographic system would lead us 
toward a better teaching of literacy” 

(Cummings, 1988, p. 463)

79

More Advanced Morphological Exploration…

80

What percent of English vocabulary 
words are Latin or Greek derived?

General Academic Vocabulary

81

What percent of upper-level English 
vocabulary words (middle and high 
school, science, law, medicine) are

Latin or Greek derived?

Domain-Specific Academic Vocabulary

82

When you learn one root, you learn 

exponentially
more words!!

83 84
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85 86

-rupt-
“break”

87

erupt

bankrupt

disrupt

interrupt

rupture

88

Categorize/sort words by their Greek or Latin 
roots…

89

89

Greek Word Roots

cyclist telegram asteroid
motorcycle grammar asterisk
recycle program aster

tricycle diagram disaster

unicycle anagram astrology
bicycle astronomy

encyclopedia astronomical

90
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inspect porter tractor

spectator reporter retract

suspect export traction

perspective portfolio detract

inspection transport subtract

aspect support extract

introspection seaport attraction

Latin Word Roots

91

Because the Spanish word for “tree” is 
árbol, Spanish speakers may have an 
advantage when they encounter the 
English words arbor and arboreal
because there is a more direct visual link 
to árbol

Cognates

92

NaAve English speakers do not have nearly 
as direct a link from tree to arbor and 
arboreal. 

Cognates

93

English Learners?

94

Cognates and Suffixes…

abreviación – abbreviation creación - creation

anticipación – anticipation imitación - imitation

declaración – declaration vegetación- vegetation

elevación – elevation vocación - vocation

95

“Stack” Related Cognates

abbreviation  anticipation  declaration  creation
abreviación    anticipación declaración  creación

elevation imitation vegetation vocation
elevación imitación vegetación    vocación

What do you notice about the suffixes? 
How are they alike? Different? 

96
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Science of Reading…

Is used broadly to refer to the components of reading that research has 
indicated should be taught and developed: 
phonemic awareness, phonics, fluency, vocabulary, and comprehension

What about comprehension?

97

COMPREHENSION 
RESEARCH General Academic Vocabulary

Domain-Specific Vocabulary

A very significant role in supporting reading 
comprehension

98

COMPREHENSION 
RESEARCH Pearson, P. D., Palincsar, A., Biancarosa, G., & Berman, 

A. I. (Eds.) (2020). Reaping the rewards of the 
Reading for Understanding initiative. Washington, 
DC: National Academy of Sciences.

Key findings and implications for states and 
districts:

https://ccsso.org/resource-library/reading-understand-
initiative

The full report:

https://naeducation.org/reaping-the-rewards-of-
reading-for-understanding-initiative/ 

As well as how to move forward, 

more broadly, with research-

based, collaborative literacy 

instruction

99

HOW CULTURE
AFFECTS 
COMPREHENSION

Yaden, D. B., Jr., Reinking, D., & Smagorinsky, P. (2021). 
The trouble with binaries: a perspective on the science 
of reading. Reading Research Quarterly, 56(S1), S119-
S129.

Lee, C.D., Meltzoff, A.N., & Kuhl, P.K. (2020). The braid of 
human learning and development: Neuro-physiological 
processes and participation in cultural practices. In N.S. 
Nasir, C.D. Lee, R. Pea, & M. McKinney de Roysten (Eds.), 
Handbook of the cultural foundations of learning (pp. 
24– 43). New York, NY: Routledge. 
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Science can inform what is important and needs to 
be given instructional attention, but it is the 
teacher’s craft and art that determine how that 
attention should be engaged. 

101

The Craft:
Understanding the 
content to be taught 
and the 
developmental
interrelationships 
among these 
different types of 
information

The Art:
In light of this craft 
knowledge, 
orchestrating 
instruction in the 
moment with a 
specific child or 
group of children

Knowing what, when, how, and for whom

102
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