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Learning to spell in English requires the integration of general and specific word
knowledge. This paper describes the ‘Word Nerds’ project, a research–practice part-
nership consisting of two researchers from a large public university and 17 elementary
teachers in seven school districts in the United States. The collaboration was formed
to study variation in instructional practice among teachers using the Words Their
Way programme and address teacher-generated questions related to how children learn
to spell words. This paper describes how stakeholders worked together to understand
(1) what grouping and organisational structures teachers use for spelling instruction,
(2) the extent to which elementary students use analogy to spell unknown words that
share spelling patterns with known words and (3) the affordances and challenges of a
partnership approach to educational research. Data collection took place over one
school year. Data sources included teacher focus groups, classroom observations
and student formative spelling assessment data (n = 178). Analyses included descrip-
tive statistics, t-tests and multilevel modelling, nesting spelling items in students in
classrooms. Findings indicated that classroom observation scores for grouping,
teacher talk, student-to-student talk, reflection and student engagement during spelling
lessons varied depending on format (whole group, small group or pair/individual).
Students showed evidence of spelling by analogy, but this strategy was associated
in part with the semantic difficulty of the target words. Instructional practices for
spelling vary based on teachers’ priorities, and teachers need support to implement
and prioritise evidence-based practices. Conducting research in partnership allowed
the researchers to observe and understand variation in implementation of a popular
spelling programme and to develop and answer research questions that mattered to
teachers; however, it also limited the size, scope and location of the project.
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Highlights

What is already known about this topic

• Children can read and spell words by analogising familiar spelling patterns
from known to unknown words.

• Evidence-based spelling instruction focuses on common orthographic and
morphological patterns that help students use analogy to spell and form
high-quality lexical representations in memory.

• Implementation of evidence-based spelling instruction is challenging for
teachers, and there is little research examining how popular commercial spell-
ing programmes are used in classrooms.

What this paper adds

• Classrooms engaged in small-group spelling instruction included more teacher
talk; classrooms engaged in individual instruction were highly differentiated;
and classrooms engaged in whole-group instruction included more student-
to-student talk and engagement.

• Student data showed evidence of spelling by analogy, but students were less
likely to spell more semantically challenging words correctly and made more
errors in spelling those words, even when orthographic difficulty was held
constant.

• The research–practice partnership allowed researchers to document and ex-
plain variability in spelling instruction and address teachers’ questions about
spelling development.

Implications for theory, policy or practice

• Teachers adapt spelling instruction to address their priorities, and different
organisational models prioritise direct instruction, differentiation,
standards-based content, or peer collaboration.

• The ability to analogise spelling patterns from known to unknown words may
depend on linking orthographic knowledge to vocabulary knowledge.

• Teachers need support and community to implement and iterate best practices
for spelling instruction.

INTRODUCTION

Spelling ability plays an important role in literacy development; however, teachers often
struggle to implement research-based spelling instruction (e.g., Fresch, 2003, 2007;
Graham et al., 2008). This paper describes the ‘Word Nerds’ project, a research–practice
partnership (Penuel & Gallagher, 2017) consisting of researchers from a large public
university and literacy leaders and 17 elementary teachers in seven school districts in the
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United States. The goals of the project were to document spelling instruction in elementary
classrooms using Words Their Way, a popular spelling programme, and answer
teacher-generated questions about how their students use analogy to generalise their spell-
ing knowledge to untaught words.

Political context and impetus for the partnership

Literacy instruction in the United States takes place in a high-stakes accountability envi-
ronment from the first day of kindergarten (e.g., Bassok et al., 2016). In 2015, Michigan
fell to 41st out of 50 U.S. states on national assessments, and 50% of third graders were
scoring below proficient on state exams, indicating that they had not mastered the
grade-level literacy content standards (Michigan Department of Education, 2017; National
Center for Education Statistics, 2016). In response, Michigan enacted legislation that en-
abled schools to retain these students (i.e., hold them back in third grade for a second year
before moving them up to fourth grade). Given that this policy could potentially affect half
of the third-grade students in the state, there was an urgent need for research conducted
with school leaders and teachers to understand what was happening in elementary literacy
instruction and how and for whom it needed to be improved. Literacy leaders identified
Words Their Way as commonly used spelling programme being adopted in many districts
to support early literacy. Words Their Way is among Pearson’s best-selling educational
books in the United States, but little research was available on its implementation and ef-
fectiveness. Thus, we found an area for collaborative work that could strengthen local prac-
tice and contribute more broadly to the field. The authors worked with elementary teachers
usingWords their Way over one school year and included monthly focus groups, classroom
observations and the collection and analysis of student spelling data at the beginning and
end of the year.

Theoretical framework

Spelling ability is an important aspect of overall literacy (e.g., reading, writing, listening
and speaking) development (Graham & Santangelo, 2014; Treiman, 2017; Treiman
et al., 2019). High-quality word representations in memory underpin both word recogni-
tion and spelling and provide a critical foundation for higher-level literacy skills (e.g., text
comprehension and written composition; Perfetti & Hart, 2002). A high-quality represen-
tation is fully specified in orthographic memory and tightly bound to the word’s phonolog-
ical and semantic identities, allowing for rapid, reliable access during reading and writing
tasks. Because spelling is an expressive task, ‘variation in lexical quality can be observed
in spelling’ (Perfetti & Hart, 2002, p. 140).
For children learning to write in English, spelling depends on the ability to integrate gen-

eral and specific word knowledge (Share, 1995; Treiman, 2017; Treiman & Kessler, 2014;
Venezky, 1999). Children use phonemic awareness, alphabet knowledge, and phonics and
spelling knowledge to phonologically recode specific words, embedding them in memory
for future use (Share, 1995). As children develop larger lexicons of known words, the pro-
cess of recoding becomes increasingly lexicalised, focusing on larger patterns and units
that frequently appear within words (e.g., make-take-lake; eat, eating, eater; Ehri, 2005;
Goswami, 1999; Share, 1995; Treiman, 2017). For example, the word make could plausi-
bly be spelled mace, maik or mayk, but the a-consonant-e pattern is commonly used with a
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final k. Morphemes, units of meaning within words, are typically spelled the same way
across words, even when they represent different sounds (e.g., the final t in eat and eater;
Levesque et al., 2021; Treiman, 2017; Treiman & Kessler, 2014). Thus, a child’s vocabu-
lary knowledge and the semantic difficulty of specific words play a crucial role in
distinguishing between plausible spellings and storing and retrieving words in memory.
In reading, this process has been demonstrated through studies of set for variability, which
indicate that word recognition depends on a reader’s ability to flexibly map ambiguous
spellings to known words in their oral vocabularies (e.g., does mow rhyme with snow or
cow?; Elbro et al., 2012; Tunmer & Chapman, 2012). Some features of words, including
word frequency (how often a word appears in text) and length in letters, indicate words that
are both more difficult to spell and less likely to be part of children’s oral vocabularies
(Hiebert et al., 2019; Share, 1995). Additional semantic features that influence how likely
a child is to know the meaning of a word include age of acquisition (the age at which a
word is typically known in oral language), concreteness (how easily a reader can generate
a mental image for the word) and part of speech (Hiebert et al., 2019). Children with larger
vocabularies show greater ability to read words with ambiguous vowel patterns (Ricketts
et al., 2007), and learning to spell words supports both orthographic learning (Conrad
et al., 2019; Shahar-Yames & Share, 2008) and vocabulary learning (Ricketts
et al., 2009; Rosenthal & Ehri, 2008). Thus, learning to spell words supports the construc-
tion of high-quality lexical representations, which are an important driver of literacy acqui-
sition (Conrad et al., 2019; Ouellette et al., 2017; Treiman et al., 2019). Weaker spellers
not only spell fewer words correctly, but their spelling knowledge is less integrated with
their phonological and vocabulary knowledge (Perfetti & Hart, 2002; Treiman, 2017),
and as a result, they will be less able to use analogy from known words to spell similar un-
known words.

Spelling instruction

Despite the importance of spelling, research indicates that teachers struggle to follow
evidence-based practices for spelling instruction and that practices vary widely across
classrooms (Fresch, 2007; Ganske & Jocius, 2013; Graham et al., 2008; Schlagal, 2002).
As a result, examining spelling instruction is critical to supporting literacy development.
Approaches to spelling instruction summarised by Treiman (2017) include phase-and
stage-based approaches, in which instruction is differentiated to target more sophisticated
features over time, and the integration of multiple patterns approach (Treiman &
Kessler, 2014), in which children are taught to use both sound–spelling correspondences
and common contextual and morphological patterns to spell words. The Words Their
Way programme draws on both approaches, with its central tenets being (1) differentiated
instruction based on developmental spelling stages (Henderson, 1990) and (2) systematic
study of words in groups that share spelling patterns (Bear et al., 2019). An overview of
the Words Their Way spelling stages and instruction are presented in Table 1. Students
compare, contrast and sort words into categories using the phonological, orthographic,
contextual and morphological information that is necessary for learning to spell in English
(Treiman, 2017; Treiman & Kessler, 2014).Words Their Way became a focus of the project
because (1) it is theoretically based, as described above, and (2) it is widely used in the
United States and the partner districts.
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Table 1. Overview of the Words Their Way development spelling stages.

Targeted features
for instruction Examples

Common core/Michigan State
standards for spelling in Grades K-5

Emergent (PreK to early first grade)

Letter sounds Pictures of words that
start with s versus zInitial consonants

Letter–name alphabetic (kindergarten–Early Grade 2)

Initial consonants pill will hill Kindergarten L2c. Write a letter or
letters for most consonant and
short-vowel sounds (phonemes).
Kindergarten L2d. Spell simple words
phonetically, drawing on knowledge of
sound–letter relationships.

Short vowels bag beg big pat bend
last

Consonant blends and digraphs ship chip step trap

Within word pattern (Late Grade 1 to Middle Grade 4)

Long vowel patterns woke broke stone phone
boat float loan moan

First Grade L2d. Use conventional
spelling for words with common
spelling patterns and for frequently
occurring irregular words.
First Grade L2e. Spell untaught words
phonetically, drawing on phonemic
awareness and spelling conventions.
Second Grade L2d. Generalise learned
spelling patterns when writing words
(e.g., cage → badge; boy → boil).

Diphthongs and other ambiguous
vowel patterns

cow town out house
head lead lean meal

Syllables and affixes (Grades 3 to 6)

Compound words snowplow racecar
outdoor

Third Grade L2e. Use conventional
spelling for high-frequency and other
studied words and for adding suffixes
to base words (e.g., sitting, smiled,
cries, happiness).
Third Grade L2f. Use spelling patterns
and generalisations (e.g., word
families, position-based spellings,
syllable patterns, ending rules and
meaningful word parts) in writing
words.
Fourth Grade L2d. Spell
grade-appropriate words correctly,
consulting references as needed.
Fifth Grade L2e. Spell
grade-appropriate words correctly,
consulting references as needed.

Open and closed syllables pilot pillow robot goblet

Base words and affixes waited spelled played
stopped dotted patted
raced biked
carried hurried

Derivational relations (Grades 5 and up)

Greek and Latin roots and stems act action
distinct distinction
select selection
predict prediction
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Despite wide use in classrooms since in 1996, Words Their Way has rarely been the sub-
ject of research. In 2013, a review by the U.S. Institute of Educational Sciences’ What
Works Clearinghouse found no efficacy studies of Words Their Way, and our own review
found no peer-reviewed efficacy studies since 2013. One reason may be that Words Their
Way is not a scripted programme, and spelling instruction varies widely. Thus, the Word
Nerds project was conceptualised as a research–practice partnership to work collabora-
tively with teachers and literacy leaders to understand spelling instruction from a
teacher-centred perspective and to document the variation in implementation of the Words
Their Way programme (Bryk et al., 2015).

Research questions

The project began in 2017 with a period of ‘rapid ethnography’ (focus groups and informal
observations) to inform the co-design process (Penuel & Gallagher, 2017). In initial focus
groups, the group named the project ‘Word Nerds’ and research questions were co-
designed. The focus groups revealed that there was significant variation in how teachers
were organising and implementing spelling instruction with Words Their Way, as they
attempted to integrate their materials, state standards and logistical concerns. They also
expressed curiosity and frustration about student progress and whether or not their instruc-
tion transcended the taught words and improved students’ ability to spell words with
similar patterns, a central tenet of the programme. Out of these discussions, we developed
two research questions to guide our work, one focusing on teaching and one focusing on
student learning:

1 What grouping and organisational structures do teachers use for spelling instruction and
what advantages and disadvantages does each structure offer?

2 To what extent do elementary students use analogy to spell unfamiliar words?

As researchers embarking on our first research–practice partnership, we had the addi-
tional aim of learning about the affordances and challenges of taking a partnership ap-
proach to educational research.

METHOD

This paper focuses on an early-stage research–practice partnership, in which researchers
and educational agencies work together to ‘take stock of current practices and contexts’
(Penuel & Gallagher, 2017, p. 81). As such, the project was directed by a working group
that co-designed the research project and worked together to collect and analyse data on
spelling instruction (Coburn & Penuel, 2016).

Participants

Working group participants. The working group included 1 faculty member from a local
research university, 2 research assistants, 17 teachers, 4 literacy coaches and 3 district
literacy coordinators representing 13 schools in 7 school districts. Three teachers taught
kindergarten (the first year of formal school in the United States), six taught first grade,
three taught second grade, four taught third grade and one taught fourth grade. One
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participant was male and one was Black; all others were white women. Fifteen teachers had
master’s degrees and two had 4-year bachelor’s degrees. Teaching experience ranged from
4 to 25 years and experience teaching Words Their Way from 0 to 5 years. All participants
had participated in a 2-day professional development on Words Their Way in spring 2017,
which provided an overview of developmental spelling stages (see Table 1), the recom-
mended scope and sequence, instructional routines and organisation, and practice for
analysing student spelling data, grouping students for instruction and selecting learning
goals and materials based on spelling stage. All teachers participated in the focus groups
and observations that provided data to answer Research Question 1.

Student participants. To answer Research Question 2, spelling data were collected in fall
2017 and spring 2018 in 10 Grade 1–3 classrooms. This sample included 123 first-grade
students (age 6–7 in the United States), 52 second-grade students (age 7–8) and 30
third-grade students (age 8–9). To minimise disruption and additional testing in participat-
ing classrooms, the project was designed to use data that teachers were already collecting
from students. Words Their Way provides the Primary Spelling Inventory (PSI) as a spell-
ing assessment for Grades 1–3; however, alternative assessments are provided for Grades 3
and up. Thus, kindergarten and fourth-grade teachers and some third-grade teachers did not
participate in student data collection using the PSI. The student participants were 49%
female, 80% white, 9% Latinx and 5% Black. Eight percent of students were receiving
English as a Second Language service (provided for students whose first/home language
is not English), 8% were receiving special education services (provided for students with
identified disabilities) and 39% were receiving free and reduced priced lunch (provided
to students living in poverty in the United States). To evaluate students’ baseline literacy
performance, we analysed beginning of the year Dynamic Indicators of Basic Early
Literacy Skills (DIBELS) scores. DIBELS is a widely used literacy assessment in the
United States and includes subtests focused on letter recognition, phonemic segmentation,
nonsense word reading and reading fluency and is used to identify students who are at risk
of failing state-level literacy exams. At the beginning of project, 60% of first-grade partic-
ipants, 85% of second-grade participants and 75% of third-grade participants met
grade-level DIBELS benchmarks.

Table 2. Timeline of research activities.

Activity Dates Instruments

Focus groups June 2017
August 2017
October 2017
December 2017
February 2018
April 2018
June 2018

Recordings
Contemporaneous notes

Classroom observations October 2017
February–March 2018
May–June 2018

Classroom Observation Tool

Student spelling data collection September–October 2017
May 2018

Primary Spelling Inventory
Alternative Primary Spelling Inventory
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Data sources and procedures

The research activities are summarised in Table 2 and described below.

Focus groups. Focus groups involved the first author guiding a free-ranging discussion at
bi-monthly intervals throughout the 2017–2018 school year (Flores & Alonso, 1995).
Teachers discussed challenges in implementingWords Their Way, the first author presented
the project data and analyses as it was available and the group discussed possible explana-
tions, implications and directions for further research. All focus groups were recorded and
contemporaneous notes were taken.

Classroom observations. The researchers travelled to the classrooms of participating
teachers to observe spelling instruction in the fall, winter and spring. Classroom observa-
tion data were collected using the Words Their Way Classroom Observation Tool (COT;
Gehsmann & Bear, 2013). The Classroom Observation Tool was developed to evaluate
classrooms using the Words Their Way programme. The Classroom Observation Tool in-
cludes 10 categories of data: grouping, preparation and organisation of materials, teacher
talk, facilitation of student-to-student talk, extension and transference, instructional rou-
tines, student reflection, notebook use, student engagement, and teacher knowledge and
classroom management. Each category can be scored 0–3, with 3 representing highly pro-
ficient and 0 representing ‘not observed’. Inter-rater reliability is .84 and Cronbach’s alpha
is .90 (Gehsmann et al., 2012). The researchers double-scored 25% of the observations in-
dependently. Following each joint observation, the scores were discussed and agreement
was reached. The observations encompassed whatever the participating teacher described
as the spelling lesson for the day and varied from 10 minutes to over an hour.

Student data. Participating teachers collected student consent forms, demographic data and
spelling assessment data to share with the research team. At the child level in Grades 1–3,
data sources included formative spelling assessment data from the PSI. The PSI is a
group-administered spelling test that includes 26 items beginning with simple three letter
words (fan) and ending with two-syllable words that require spelling changes to add affixes
(riding). Item difficulty on the PSI ranged from fan, which 96.3% of a sample of 647 ele-
mentary school students can spell correctly to clapping, which 16.1% spell correctly
(Sterbinsky, 2007). Item discrimination (an index of how differently high and low scoring
students perform on a particular item) ranged from fan (6.3, meaning little difference be-
tween high and low performers) to shine (77.7, meaning large differences between high
and low performers). Test–retest reliability was .90 and Cronbach’s alpha, a measure of in-
ternal consistency of the overall inventory, was .93, both of which are considered to be
high/acceptable. PSI scores are significant predictors of performance on standardised tests
of reading in Grades 1–3 (Sterbinsky, 2007). Students do not study for the PSI and are en-
couraged to spell the words as best as they can to reveal their knowledge about common
orthographic patterns in English.
To test students’ ability to analogise, teachers also administered a researcher-created al-

ternative form, called the Alternative Primary Spelling Inventory (APSI). At the request of
the teachers in the working group, the first author created this assessment by matching each
word on the PSI with another English word that shared the final rime and any suffixes (dig
vs jig, shade vs spade and shouted vs spouted). Rimes were matched because rimes repre-
sent the most consistent orthographic–phonological units in English (Treiman et al., 1995),
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and teaching students to recognise and use rime-based contextual information to spell
words is a major focus of Words Their Way instruction. Items for the APSI were chosen
to follow the developmental sequence of spelling features described in Henderson’s (1990)
research and taught in Words Their Way. According to this scope and sequence, initial con-
sonants, consonant digraphs and consonant blends are all mastered in the initial stages of
learning to spell and are target features in kindergarten and first grade. The larger rime
and affix patterns that were held consistent between the PSI and APSI included vowel di-
graphs, diphthongs, r-controlled vowels and morphological affixes, which are learned later
in development. The words used in the APSI were analysed for semantic difficulty (length,
frequency, concreteness, age of acquisition and part of speech) using the Word Zone
Profiler tool (Brysbaert et al., 2014; Hiebert, 2012; Hiebert et al., 2019; Kuperman
et al., 2012).
Teachers administered the PSI and APSI on different days within a 2-week period at the

beginning and end of the school year. Teachers provided copies of the student answer
sheets to the research team. The authors and a research assistant scored the samples,
double-scoring 40% to establish inter-rater reliability. Each response on the PSI and APSI
was scored correct (1) or incorrect (0), for a total score out of 26 possible points on each
form. The APSI responses were also scored using Levenshtein distance
(Levenshtein, 1966) to capture the difference between the provided spelling and an accu-
rate spelling, assigning one point for each letter that would need to be added, subtracted
or substituted to change the provided spelling into a correct spelling.

Data analysis

Teacher Classroom Observation Tool scores were analysed using descriptive statistics. Stu-
dent PSI and APSI scores were analysed using descriptive statistics, paired sample t-tests
and three-level multilevel regression using HLM-7 software, nesting item scores within
students within classrooms (Raudenbush & Bryk, 2002; Raudenbush et al., 2011). At each
stage of data collection and analysis, the data were presented to the focus groups to ques-
tion, interpret and contextualise.

RESULTS

Focus group data

The research–practice partnership approach values and integrates teachers’ and school
leaders’ professional knowledge of the local context (Erickson, 2014; Henrick
et al., 2016). The group identified areas of alignment between school, district and state ini-
tiatives and their spelling practice, areas of tension and practical concerns about their spell-
ing instruction.

Alignment. Teachers identifiedWords Their Way as a welcome form of support to enact the
state mandates related to early literacy in their classrooms. They typically offered writing
instruction through workshop models that focused on big-picture skills, for example,
adding details to a narrative, but they understood that their students’ lack of transcription
skills hampered their ability to fully engage in these activities. Several teachers described
having relied on older colleagues to support their phonics and spelling instruction in the
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past, but noted that those colleagues had retired, and they felt their schools now lacked this
knowledge at an institutional level. They appreciated that Words Their Way provided a
framework for differentiation and a scope and sequence for spelling content, but felt they
needed more support to implement and to build effective instructional routines.

Tensions. Teachers found that the principles embodied inWords Their Way were in tension
with other top-down directives. In particular, they worried that by differentiating instruc-
tion, they were not moving all their students towards state standards that require mastery
of particular spelling concepts in each grade level (see Table 1). Many teachers felt pres-
sure to teach all students standards-aligned content and felt that teaching them ‘at their
level’ was inequitable in the context of the recently passed ‘Third Grade Reading’ laws.
Teachers also felt that grouping students for spelling instruction created logistical chal-
lenges. They struggled to keep everyone productively occupied while working with one
group and keeping track of materials and lesson plans for multiple groups every week.
Teachers were also concerned that their spelling instruction was too divorced from the

rest of the literacy curriculum. They believed that children were able to read and spell
the words they were sorting but were not able to apply that knowledge in the rest of their
reading and writing activities. They felt that the PSI captured incomplete data about their
students’ word knowledge and wanted tools to evaluate how well students could generalise
their spelling knowledge to similar words. (These conversations led to the creation of the
APSI for data collection in the project.)

Research Question 1

Classroom observations were completed three times (fall, winter and spring) in 14 partic-
ipating classrooms and twice in 3 classrooms, resulting in 48 observations. Average total
Classroom Observation Tool scores for the teachers ranged from 4 to 26, and the average
total score was 16.25 out of 30 total points (SD = 6.78). Across all the classrooms, several
scores were consistently high on the Classroom Observation Tool, for example, prepara-
tion and organisational materials (M = 2.69, SD = 0.87). Other scores were consistently
low; for example, while many classrooms had word study notebooks, few used them to
write reflections or included teacher feedback (M = 0.63, SD = 1.09). We discussed the
de-identified data in our focus groups and selected five categories of scores for closer anal-
yses because they (1) differed among classrooms and (2) reflected the components of most
interest to the teachers. These categories were grouping, teacher talk, student-to-student
talk, reflection and student engagement.
Grouping indicated how differentiated the instruction was. A 3 indicated that all children

were assigned work based on their assessed developmental spelling level and a 0 indicated
that everyone in the class was doing the same work. Classroom scores averaged 2.38
(SD = 1.20).
Teacher talk indicated the quantity and quality of teacher talk about the lesson. A 3 in-

dicated that the teacher was observed leading explicit spelling instruction, asking students
open-ended, higher-order questions and restating and summarising student ideas. A 0 indi-
cated that teachers talked very little or that the talk was primarily giving instructions or
managing behaviour. Classroom scores averaged 2.06 (SD = 0.93).
Student-to-student talk indicated the amount of talk between students. A 3 indicated that

students were observed having substantial conversations among themselves about the
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content of the lessons. A 0 indicated that students were not observed talking to one another
or that their talk was not about the content of the lesson. Classroom scores averaged 1.25
(SD = 1.13).
Reflection indicated the extent to which the lesson arrived at some conclusions or ‘big

ideas’ about the target words. A 3 indicated that teachers were observed guiding conversa-
tion to help the students arrive at some conclusions about the overall point of the lesson. A
1 or a 2 indicated that the teacher was observed directly stating the conclusion. A 0 indi-
cated that this lesson did not arrive at a specific conclusion. Classroom scores averaged
1.25 (SD = 1.06).
Student engagement reflected the proportion of students who were engaged with the

word work during the lesson. A 3 indicated that almost all of the students were observed
as engaged and on task during the lesson. A 0 indicated that most students were not en-
gaged or on task during the lesson. Classroom scores averaged 1.88 (SD = 0.96).

Classroom organisational models. Through discussions of these scores and the observa-
tions, we identified three primary models of organising practice, which reflected the differ-
ent priorities of the teachers and were reflected in the patterns of Classroom Observation
Tool scores (see Figure 1).

Model 1: Differentiated, teacher-led small-group work. Seven teachers organised
their students into small groups (5–10 children in each) based on spelling assessment data
and conducted instruction through short meetings (10–15 minutes) with those small
groups. A typical lesson would be integrated into the literacy block and take about an hour
to rotate through all the groups. The small group engaged in sorting of words with target
patterns and teacher-led discussion of the words, their spelling and sound patterns, and
their meanings. These small-group discussions were carefully differentiated (M = 3,
SD = 0) and typically rich in teacher talk (M = 2.57, SD = 0.53), but they were
teacher-led with limited time for student-to-student talk (M = 1, SD = 0.82) and many
groups never got around to reflection (M = 1.14, SD = 0.90). Students working directly
with the teacher were generally engaged (M = 1.86, SD = 0.90). Students who were not
working directly with the teacher worked independently or in pairs on other literacy activ-
ities, for example, illustrating their sort words or writing in their journals.

Figure 1. Mean Classroom Observation Tool scores for teachers by organisation type. COT, Words Their Way
Classroom Observation Tool. [Colour figure can be viewed at wileyonlinelibrary.com]
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Model 2: Differentiated, individual work. Six teachers provided students with differ-
entiated materials, resulting in high grouping scores (M = 2.8, SD = 0.45), but most of the
work was conducted independently, with the teacher briefly introducing sorts and giving
instructions but spending most of the lesson circulating to supervise, answer questions
and manage behaviour. There was little teacher talk, and most of it was devoted to instruc-
tions and behaviour management (M = 1.2, SD = 0.84). Children were not seated with chil-
dren working with the same materials, so they did not work together, and there was little
student-to-student talk (M = 0.6, SD = 0.89). Because there was little talk in general, there
were few opportunities for reflection (M = 0.8, SD = 0.84). Engagement was generally high
at the beginning of the lesson when the activities began but tapered off as some students
finished the work before others (M = 1.4, SD = 0.89). This model was most prominent
in classrooms that utilised one-to-one technology to ‘push’ different sorting materials to in-
dividual students and allow them to work independently.
Model 3: Whole class instruction. Four teachers chose not to differentiate spelling in-

struction. Instead, all the children in a class worked on the same content at the same time
(grouping M = 0, SD = 0). Typically, lessons included whole-group discussion of words,
followed by small-group work on particular activities with the words, followed by
whole-group discussion of what they learned from these activities. The teacher
alternated between leading these whole-group discussions and facilitating small-group
work (teacher talk M = 2.25, SD = 0.96). These classrooms were characterised by high
levels of student-to-student talk (M = 2.5, SD = 1), reflection (M = 2, SD = 1.41) and
engagement (M = 2.5, SD = 1).

Research Question 2

Descriptive statistics and correlations. Means and standard deviations for student scores
on the PSI and APSI by grade level are presented in Table 3. Cronbach’s alpha for the
PSI was .92 and for the APSI was .91. Agreement between the scorers was 98% for binary
scoring and 96% for Levenshtein difference scoring. The PSI and APSI scores were highly
and significantly correlated at both the fall (r = .87, p < .01) and spring (r = .89, p < .01).
PSI scores were significant predictors of APSI scores, explaining 80% of the variance in
fall and 81% in the spring (p ≤ .001).

Table 3. Descriptive statistics and correlations for Primary Spelling Inventory and Alternative Primary Spell-
ing Inventory scores.

Fall 2017 Spring 2018

PSI APSI r PSI APSI r

1st grade 5.89 (3.68) 5.56 (3.41) .85* 12.23 (5.48) 11.17 (5.67) .85*

2nd grade 12.28 (5.07) 14.47 (4.42) .62* 18.46 (5.06) 17.41 (4.35) .86*

3rd grade 16.66 (7.06) 15.38 (5.75) .92* 20.30 (5.86) 18.43 (5.34) .91*

Total 10.14 (6.47) 10.52 (6.37) .89* 14.77 (6.42) 13.65 (6.26) .90*

APSI, Alternative Primary Spelling Inventory; PSI, Primary Spelling Inventory.
*p < .01.
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Paired sample t-tests. Paired sample t-tests indicated that total scores on the APSI were sig-
nificantly lower than the PSI in spring but not fall. Students performed significantly differ-
ently on 12 out of 26 item pairs analysed in the fall and 12 pairs in the spring. The percent-
ages of students who got each item correct on the two forms are illustrated in Figure 2. A
Bonferroni correction was applied to the alpha levels due to the number of contrasts, so
only contrasts significant at the p < .001 were considered significantly different.
The data indicated that while spelling ability as measured by the PSI and APSI increased

over the course of the year and by grade level, the match between the PSI and APSI did not
evidently increase with grade level or over the year. When the word-level results were pre-
sented to the focus groups, teachers noted that these word pairs included spelling features
mastered in each developmental spelling stage. Reviewing their own students’ data, they
noted the errors on these word pairs often included accurate representations of the phonetic
structure that substituted common vowel patterns (gleem vs gleam) or did not acknowledge
the morphological structure of the word (frise vs fries; stampt vs stamped). We
hypothesised that as students’ spelling knowledge develops, they become more aware of
phonetically plausible ways to spell a word, and choosing the correct one will depend on
the familiarity and semantic difficulty of the word. At our next meeting, the first author pre-
sented research on semantic aspects of words that interact with word recognition and spell-
ing, in particular word concreteness and age of acquisition (Brysbaert et al., 2014;
Hiebert, 2012; Hiebert et al., 2019; Kuperman et al., 2012).

Multilevel modelling. To model the ability of students to analogise from known to un-
known words that share spelling patterns, the first author used multilevel regression to an-
alyse the spring spelling data (Raudenbush & Bryk, 2002). The data were analysed using
two forms of APSI word-level scores as outcome variables: binary scores (0 or 1) and
Levenshtein distance scores. Four thousand, six hundred and twenty-eight APSI items
were nested in 178 students who were nested in 10 classrooms. The interclass correlation
coefficients indicated that 12% of the variance in correct spellings was between children
and 39% of that between-child variance was between classrooms, and 15% of the variance
in Levenshtein distance scores was between children, with 10% of that variance between
classrooms. All models were run using full maximum likelihood. Binary variables were

Figure 2. Item performance on the Primary Spelling Inventory and Alternative Primary Spelling Inventory. APSI,
Alternative Primary Spelling Inventory; PSI, Primary Spelling Inventory. *indicates that spelling performance on
this item pair differed significantly, p < .001. [Colour figure can be viewed at wileyonlinelibrary.com]
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entered uncentred; continuous variables were entered group (Level 2) or grand (Level 3)
mean centred.
At Level 1, the tested predictors were the students’ PSI rime-matched item score and

measures of word difficulty: word length (in letters), frequency (dispersion), concreteness,
age of acquisition and part of speech measure from Word Zone Profiler (Hiebert, 2012). At
Level 2 (students), the total score for the PSI was included at the student level to control for
overall spelling ability. At Level 3 (teachers), grade level, overall Classroom Observation
Tool scores and model of instruction were included. Insignificant predictors were removed
to specify the final models.
The results of the final models are presented in Tables 3 and 4. For the logistic model

predicting correct spellings on the APSI (Table 4), odds ratios indicated that spelling the
paired item on the PSI correctly increased odds of spelling the corresponding word on
the APSI correctly by six times, but more complex words (higher age of acquisition, con-
creteness and word length) were associated with lower odds of spelling the item correctly.
Overall total PSI scores were also associated with a greater chance of spelling each item
correctly, and each increase in grade level doubled the odds of analogising correctly.
The model predicting Levenshtein difference scores had similar results (Table 5), al-

though it should be noted that the outcome variable represents the number of errors, so
the direction of the effects is reversed. The intercept was 1.24, indicating that an average
student in the sample who did not spell the matched PSI word correctly would omit, insert
or substitute an average of 1.24 letters on a word of average difficulty. Spelling the matched
PSI word correctly reduced the average error to 0.56 letters. Higher grade level and overall
PSI scores were associated with fewer errors, and more complex words were associated
with more errors including the word frequency measure, which was not associated with
the binary performance scores. There was no significance effect of part of speech, teachers’
Classroom Observation Tool scores or model of instruction in either model.

Table 4. Results of logistic multilevel regression model predicting binary Alternative Primary Spelling Inven-
tory item scores.

Coefficient Odds ratio CI

Intercept �2.01 0.13 (0.07, 0.27)

Level 1

PSI item* 1.84 6.30 (5.27, 7.52)

Age of acquisition* �0.34 0.71 (0.68, 0.75)

Concreteness* �0.30 0.75 (0.63, 0.87)

Word length* �0.58 0.56 (0.52, 0.60)

Level 2

PSI total* 0.12 1.13 (1.10, 1.15)

Level 3

Grade* 0.69 2.00 (1.30, 3.09)

CI, confidence interval; PSI, Primary Spelling Inventory.
*p < .001.
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DISCUSSION

As a research–practice partnership, the Word Nerds project generated data and insights im-
portant to policy, theory and practice and laid groundwork for future research (Penuel &
Gallagher, 2017). First, the focus groups indicated that state-level policies that mandated
particular outcomes left teachers and literacy leaders largely at sea. Second, implementa-
tion of a spelling approach that was not a scripted curriculum resulted in varied instruc-
tional approaches with different priorities. Finally, student data supported the underlying
theoretical models and linguistic approaches to spelling instruction but highlighted the
need to connect spelling instruction to vocabulary instruction early in spelling
development.

When policy and best practices conflict

The collaborative structure of this project allowed us to explore variety in implementation
in spelling instruction through the lens of what teachers do and why. Some teachers
prioritised direct instruction (Model 1); others differentiation (Model 2); and others
standards-based content and peer collaboration (Model 3). These different approaches of-
fered different affordances and advantages to teachers and students. In Model 1, every stu-
dent had a teacher-directed and scaffolded spelling lesson at his or her developmental level.
However, children who were assessed at lower spelling levels at the beginning of the year
rarely had an opportunity to work at grade level. Further, while the teacher worked with
one group, the majority of the class needed to work independently on extension activities,
and most of each child’s instructional time was spent on these activities. Spelling instruc-
tion in Model 2 took little time; everyone worked at their own level for 10–20 minutes and
then moved on to a new subject. However, it provided little opportunity for scaffolding

Table 5. Results of multilevel regression model predicting Alternative Primary Spelling Inventory
Levenshtein distance scores.

Coefficient SE t-ratio f 2

Intercept 1.24 0.07 18.40

Level 1

PSI item** �0.68 0.03 �21.22 0.11

Age of acquisition** 0.11 0.01 10.57 0.03

Concreteness* 0.07 0.03 2.60 0.00

Dispersion** 0.08 0.01 �6.29 0.01

Word length* 0.16 0.01 15.71 0.06

Level 2

PSI total* �0.04 0.00 �9.48

Level 3

Grade* �0.27* 0.09 �2.82

PSI, Primary Spelling Inventory.
*p < .01.
**p < .001.
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either from teachers or peers. Model 3 included opportunities for both teacher and student-
to-student talk and engaged all students simultaneously in grade-level content. The
teachers who used this model indicated that they did so because they saw the content as
necessary for all their students (e.g., short vowel word families in first grade); however, les-
sons were not tailored to individual students’ needs.
As described above, teachers reported feeling conflicted about differentiation, a hallmark

of stage-based approaches to spelling (Treiman, 2017) and a central tenet of Words Their
Way (Bear et al., 2019), and the instructional models influenced how teachers thought
about appropriate difficulty. Children working individually were assigned easier material
that teachers felt they could complete independently, whereas teachers were more comfort-
able challenging children in small-group or whole-group instruction. To illustrate, the first
author observed a first-grade classroom work with compound words (Model 3) on the same
day she observed a different first-grade classroom working independently (Model 2) on
various picture sorts of single-syllable words. Furthermore, teachers seemed to think they
could only differentiate the content of the lessons (the words that children were studying),
and they did not consider differentiating scaffolding or support, such as instructional strat-
egies that make phoneme–grapheme mapping more explicit (e.g., word building; Elkonin
boxes). In addition, the relationship between semantic difficulty and spelling difficulty took
the teachers by surprise.Words Their Way does include lessons that focus on morphemes in
compound words, prefixes and suffixes, and Greek and Latin roots; however, most of these
lessons are intended for students in the later developmental stages, typical of students in
third grade and beyond. The differentiated approach to spelling instruction in the Words
Their Way programme meant that struggling students would receive little instruction in
spelling–meaning connections before the end of third grade.
Thus, while research has established that teachers struggle to implement best practices in

spelling, the question is which best practices? The Word Nerds project illustrated a contin-
uum of practices that highlight different evidence-based priorities. Given the wide variation
of implementation of the Words Their Way approach, identifying these larger patterns of
organising instruction may be useful in future research that attempts to measure its effec-
tiveness. Further, it is important for leaders and policy-makers to know that teachers expe-
rience some best practices to be in tension with one another and with state-level policy and
equity. Overall, the findings of the Word Nerds project indicate that spelling instruction
would be improved by articulating clear priorities, providing opportunities to analyse prac-
tice and student data collaboratively and offering more instructional strategies to support
both orthographic and semantic learning of words.

When theory is practice

While we often view research as either basic (theory-driven) or applied (practice-driven),
we found that teachers had substantial personal theories about how their students learned
that overlapped with formal theories extant in the research literature (Ravitch &
Riggan, 2016). At the beginning of the project, teachers reported feeling frustrated that
their students’ general spelling knowledge was not improving. Analysing the data collab-
oratively allowed teachers to see the bigger picture and recognise their students’ successes.
In addition, teachers had the opportunity to observe, hypothesise and test the role of seman-
tic difficulty in spelling, with immediate implications for practice. After discussing these
findings, teachers in the project described including more meaning support during spelling
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lessons; for example, one first-grade teacher taught that mow is spelled like snow, while
miming mowing a lawn.
The students in this project showed evidence of spelling by analogy as predicted by the-

ory and established in prior research. Overall spelling scores on the two assessments were
highly correlated and increased together over the course of the year and from grade level to
grade level. Knowing how to spell a word with the same rime increased the odds of spell-
ing a word by six times and reduced the average spelling error from more than one letter
per word to half a letter per word. Overall, these findings suggest that as children’s mental
lexicons increase, they have a larger base to use for analogy and phonological recoding, as
described by Ehri (2005) and Share (1995), and that rimes are important units for analogy,
as described by Goswami (1999) and others. However, the ability to spell rime-matched
words correctly was not more pronounced for easier spelling items or for older children.
Word frequency indicates the number of opportunities a child has had to recode a word
(Perfetti & Hart, 2002; Share, 1995), and while it did not increase the odds of spelling a
word correctly, more frequent words had fewer errors per word, indicating high lexical
quality. The fact that measures of semantic difficulty decreased the odds of spelling a word
correctly suggests that word meanings are invoked to distinguish between plausible
spellings for words (e.g., jig vs gig and shawl vs shaul). As described by the lexical quality
hypothesis (Perfetti & Hart, 2002), a high-quality word representation is one that links
the phonological, orthographic and semantic characteristics of a word; however,
spelling instruction for the early spelling stages often focuses primarily on the
phonological–orthographic links (see Table 1). Unless there is a specific representation
for a word in lexical memory, children may generate plausible but not necessarily correct
spellings. High-quality word representations may create a direct path between a word’s
meaning and spelling, in which children rely on a reverse set for variability process to re-
trieve correct spellings from memory (is mow spelled like go or foe or snow?).

Research as partnership: Insights and limitations

In response to a perceived literacy crisis, Michigan districts are currently adopting new
early literacy programmes, materials and initiatives, often with little professional buy in
from teachers and little research evidence about their effectiveness. Through working with
teachers and school leaders, the Word Nerds project identified a high degree of variability
in implementation of Words Their Way, indicating there is not agreement among teachers
on what this approach entails. Instead, we were able to excavate the key questions that
teachers had about their own practice and identify patterns of practice. We also developed
tools to examine an instructional outcome that matters to both the teachers themselves and
to theory – children’s ability to use analogy to spell new words. Teachers reported that
participating in the project increased their understanding of their own instruction and their
students’ development. They also felt empowered by the project to adapt the recommenda-
tions of Words Their Way to meet the needs of their particular students.
The research–practice partnership format also presented challenges and limitations. In

the initial stages of a partnership, the goal is to build trust and understand current practices
(Coburn & Penuel, 2016; Penuel & Gallagher, 2017). The Word Nerds team was the right
size for collaboration and discussion, but too small to observe connections between prac-
tice and student outcomes. Experimental and quasi-experimental studies are needed to
compare the results of these models on children’s spelling gains and to understand which
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elements are most crucial for learning. Furthermore, deciding to work in partnership
constrained the project to student data districts were willing to share and to areas where
teachers and leadership were interested in spelling instruction and had the time and moti-
vation to take on the partnership work, resulting in a sample that was primarily white, af-
fluent and not struggling with literacy.

CONCLUSION

Policies, professional development and official documents and recommendations offer
guiding principles to improve literacy instruction but are often agnostic about approach,
particularly in the United States where local control of schools is highly valued. In addi-
tion, top-down directives are unlikely to change daily teaching practice without including
teachers’ expertise and experiences. Further, teachers’ knowledge and practice improve
through opportunities to put knowledge into practice with local support and feedback
(e.g., Flynn et al., 2021; Hindman et al., 2020). Teachers joined the Word Nerds project
in part for a community of practice and noted that, on their own, they had struggled to im-
plement new practices, analyse student data, and recognise progress and improvement.
While the politics of schools in the United States is hyperlocal and mandated curricula
are often resisted, many teachers who want to implement the recommendations need spe-
cific, daily guidance and materials, particularly when they are trying new approaches that
they did not experience in their own schooling or teacher training. Research–practice part-
nerships can offer scholars the opportunity to understand and analyse questions of imple-
mentation and teachers the confidence and desire to continue. Teachers need guidance
from policy and research on how to balance differentiation, grade-levels standards and
equity. Ongoing professional learning communities, and further studies of those communi-
ties, are needed to support teachers who want to make the recommended changes to their
instruction.
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