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Background, Instrumentation, and Sample

Non-word reading requires children to apply grapheme–phoneme
knowledge to unfamiliar letter strings without support from lexical
familiarity. Yet assessment scores are typically aggregated across
whole words or across graphemes as equally weighted units. These
summaries can conceal meaningful differences in difficulty among
graphemes and across the word contexts in which they occur.

Purpose. Estimate difficulty at the level of each scored
grapheme-in-word instance and examine how grapheme identity,
within-word position, and local word structure help explain
that difficulty.

Why this matters
A clearer account of grapheme-level difficulty could support more
principled selection and sequencing of words for instruction and
assessment, and more informative interpretation of non-word
reading performance.

Research questions
•Which grapheme, position, and word-context features are asso-

ciated with estimated grapheme-level difficulty across non-word
assessments?

• How do these features combine within specific grapheme-in-word
instances?

Analytic sequence
1. Estimate grapheme-level difficulty using baseline Rasch and

explanatory Many-Facet Rasch Model measurement models.
2. Summarise grapheme difficulty by feature profiles.
3. Fit an ordinary least-squares explanatory regression to the

baseline Rasch difficulty estimates.
4. Decompose predicted difficulty for selected grapheme-in-word

instances and examine recovery of the baseline Rasch estimates.

Table 1. Student characteristics
Characteristic Category n (%)

Ethnicity European/Pākehā 52,104 (44.8%)
Māori 24,618 (21.2%)
Asian 23,414 (20.1%)
Pasifika 11,131 (9.6%)
MELAA 3,657 (3.1%)
Other ethnicity 1,280 (1.1%)

Gender Male 58,977 (50.8%)
Female 57,195 (49.2%)
Other 32 (0.0%)

ESOL status Not ESOL 99,500 (85.6%)
ESOL 16,704 (14.4%)

School deprivation Low 30,494 (26.2%)
Middle 47,916 (41.2%)
High 37,358 (32.1%)
Missing/unknown 436 (0.4%)

Note. N = 116,204. MELAA = Middle Eastern, Latin American, and African. NZDep bands: low = 1–3, middle = 4–7,
high = 8–10.

Figure 1. Regional distribution of sample

Table 2. Design summary by set
Measure S1 S2 S3 S4 All

Administrations 165,124 108,348 127,351 80,335 481,158
Items 10 10 10 10 40
Graphemes 30 36 33 33 132
Unique graphemes 19 22 22 24 47
Mean (median) accuracy 0.66 (0.68) 0.83 (0.86) 0.85 (0.93) 0.85 (0.93) 0.80 (0.83)
Mean (median) age 75.0 (72.5) 78.7 (76.4) 82.2 (80.1) 84.7 (83.0) 79.4 (77.0)
Students 99,751 80,341 72,297 51,204 116,204

Multiple administrations 81,512 79,913 71,777 47,815 93,628
Assessments in other sets 72,954 79,852 71,686 47,471 84,574

Note. S1 – S4 = Set 1 – Set 4. Age = age in months.

Table 3. Grapheme type and context
Feature S1 S2 S3 S4 All

Single-letter vowels 10 9 6 25
Vowel digraphs 2 9 11
Split vowel digraphs 4 4
R-controlled vowels 3 3
Consonant digraphs 3 2 1 6
Consonant trigraphs 1 1
Double-letter consonants 3 3
Onset-blend graphemes 8 2 7 17
Coda-blend graphemes 2 4 2 8
Two-grapheme blends 10 6 6 22
Three-grapheme blends 3 3
Note. S1 – S4 = Set 1 – Set 4.

Methods

Baseline measurement model
Rasch/MFRM models estimated baseline difficulty, in logits, for
each within-word grapheme. The resulting difficulty estimates
were the outcome for the explanatory analysis. A companion 2PL
model was used to examine supplementary discrimination and
measurement-information estimates.
Explanatory regression
Ordinary least squares was fit at the grapheme-level, with baseline
Rasch difficulty as the outcome. Predictors represented grapheme
identity, within-word position, position order, phonotactic role
and grapheme structure, preceding and following grapheme type,
position within a consonant blend, and assessment set.

Parameterisation and interpretation
Categorical predictors were effects coded, so model terms repre-
sented deviations from the corresponding factor-level mean rather
than contrasts with a single reference category. This parameteri-
sation allowed several grapheme, position, context, and set terms
to be combined additively for each scored instance.

Feature profiles and instance-level recovery
For Table 4, Rasch difficulties were grouped by feature category
and summarised by their median to describe difficulty profiles
across the observed item set. For Table 5 and Figure 2, the model
terms were summed for selected grapheme-in-word instances to
obtain predicted difficulty. Adding the residual reconstructed the
corresponding baseline Rasch estimate.

Results: Difficulty across grapheme features

Estimated difficulty (b) varied across within-word grapheme features. Among
positions, medial had the highest fitted b estimate (-0.97). Across grapheme
contexts, nucleus split vowel digraph had the highest fitted b estimate (0.86),
while coda double-letter consonant had the lowest fitted b estimate (-2.57).
Table 4. Feature-level difficulty estimates

Feature Level n b
Position Initial 40 -2.44

Medial 52 -0.97
Final 40 -2.00

Position order 1 40 -2.44
2 40 -0.93
3 38 -1.51
4 13 -2.02
5 1 -1.99

Grapheme context Onset single-letter consonant 28 -2.53
Onset consonant blend member 17 -2.07
Onset consonant digraph 4 -0.80
Nucleus single-letter vowel 25 -0.97
Nucleus contiguous vowel digraph 8 0.16
Nucleus split vowel digraph 4 0.86
Nucleus r-controlled vowel 3 -0.20
Nucleus vowel trigraph 1 0.58
Coda single-letter consonant 28 -1.97
Coda double-letter consonant 3 -2.57
Coda consonant blend member 8 -2.01
Coda consonant digraph 2 -1.12
Coda consonant trigraph 1 -0.66

Previous grapheme type Single-letter consonant 49 -0.97
Vowel 39 -1.93
Consonant multigraph 4 -1.03

Next grapheme type Single-letter consonant 45 -0.97
Vowel 41 -2.00
Consonant multigraph 6 -1.28

Position within consonant blend First 12 -2.38
Second 1 -1.81
Third 12 -1.91

Note. n is the number of scored graphemes represented in each category. Position identifies whether the grapheme occurs
initially, medially, or finally; position order gives its ordinal location from the beginning of the word. Grapheme context
combines phonotactic role with grapheme structure. b is the median model-fitted Rasch difficulty for the category; higher
values indicate greater estimated difficulty.

feature- and instance-level modeling

Baseline Rasch difficulty was modelled as a function of
grapheme identity, within-word position, phonotactic
context, neighbouring grapheme types, blend position,
and assessment set.

Table 4: Feature-level
Model-fitted Rasch difficulties are grouped by feature
category and summarised by their median. These
profiles show the typical difficulty pattern associated
with each position or context category across the
observed assessment items.

Table 5 and Figure 2: Instance-level
For two specific grapheme-in-word instances, the fit-
ted regression is expressed as additive model-term
contributions. Their sum gives predicted difficulty;
the residual is the part of baseline Rasch difficulty
not recovered by those terms.

ˆ︂
bRasch,i ≈ ˆ︂

bpredicted,i + ˆ︂ri

ˆ︂
bpredicted,i = ˆ︃

β0 + ˆ︂
bgrapheme,i + ˆ︂

bfeature,i + ˆ︂
bset,i

How to interpret the analyses
Feature profiles describe model-implied patterns
across the observed item set. Instance-level de-
composition shows how conditional model terms
combine within a particular word.Worked example

The worked comparison examines the scored grapheme l in fluss and telp. In each word, l occurs medially and the item belongs to Set
3, while position order, phonotactic role, neighbouring grapheme types, and blend position differ. Baseline Rasch difficulty is lower for
l in fluss (b = −2.30) than for l in telp (b = −1.13). The largest modelled contrast is previous grapheme type: single-letter consonant
contributes −0.15 in fluss, compared with vowel at 1.61 in telp.

Table 5. Worked example contributions
Model term l in fluss b l in telp b

Model intercept Constant 1.20 Constant 1.20
Grapheme l -2.40 l -2.40
Position Medial -1.03 Medial -1.03
Position order 2 -0.27 3 -0.22
Grapheme context Onset consonant blend member 0.01 Coda consonant blend member 0.00
Previous grapheme type Single-letter consonant -0.15 Vowel 1.61
Next grapheme type Vowel 0.93 Single-letter consonant -0.38
Position within consonant blend Second (final of 2) 0.00 First (of 2) 0.00
Set controls Set 3 -0.36 Set 3 -0.36
Sum of terms -2.07 -1.58
Residual Observed minus predicted -0.23 Observed minus predicted 0.45
Reconstructed Rasch b -2.30 -1.13

Decomposition

Figure 2. Decomposition of l in fluss and telp.

l in flussˆ︃
bgraphemes+features+controls = −2.07

ˆ︃
bRasch ≈ −2.07 + (−0.23) = −2.30

l in telp ˆ︃
bgraphemes+features+controls = −1.58

ˆ︃
bRasch ≈ −1.58 + (0.45) = −1.13

∆telp-fluss = 1.17
= 0.49 predicted + 0.68 residualConclusions and implications

•The difficulty of a grapheme in word reading depends on where
and how it occurs within the word, not on grapheme identity
alone.

•Within-word position, phonotactic role, neighbouring graphemes,
and blend structure combine to shape grapheme-level difficulty.

• These features can operate in different directions within the same
word, so difficulty reflects their combined configuration rather
than any single feature in isolation.

• Understanding these configurations could support more principled
selection, sequencing, and interpretation of words used in teaching
and assessment.

Next steps
1. Revise modelling to account for student random effects

and repeated measures.
2. Review and refine the coding scheme for the categori-

sation of grapheme and word-context features.
3. Test how consistently average feature patterns apply

to individual grapheme-in-word instances.
4. Examine residual difficulty for evidence of additional

features not yet represented in the model.
5. Use generalisable patterns to inform word selection,

sequencing, teaching, and assessment reporting.
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