
Grapheme IRT difficulty (b) and discrimination (a) across contexts
Supplementary handout to Grapheme-level item response modelling of non-word reading in early literacy (LaVenia, Gath, McNeill, & Gillon, 2026)

Grapheme Word (Set) Obs. p Rasch b MFRM b 2PL b 2PL a
f fatch, flom, foop (S2); fluss, meft (S3); foy (S4) .90 to .98 -3.69 to -2.14 -2.93 to -1.75 -3.16 to -1.74 1.23 to 2.22
h hake, hix (S3); hurk (S4) .96 to .98 -3.59 to -2.80 -2.93 to -2.56 -3.77 to -2.28 1.18 to 2.00
n pon, shen (S1); grun, nusk (S2); nuff (S3); dain, noud (S4) .67 to .97 -3.25 to -0.71 -2.93 to -0.52 -3.03 to -0.45 1.46 to 2.98
k nusk (S2); hake, kime (S3); hurk, zark (S4) .78 to .97 -3.22 to -1.16 -2.56 to -1.89 -2.63 to -1.08 1.69 to 1.98
ff nuff (S3) .97 -3.18 -2.91 -2.93 1.50
z zote (S3); zark (S4) .96 to .97 -3.13 to -2.94 -2.93 to -2.56 -2.79 to -2.37 1.64 to 1.97
m cham, mub (S1); flom, meed (S2); kime, meft (S3); mirst, spream (S4) .69 to .97 -3.09 to -0.79 -2.93 to -0.52 -2.74 to -0.51 1.46 to 2.67
u lug, mub (S1); grun, nusk, quip (S2); fluss, nuff (S3) .65 to .96 -2.86 to -0.57 -2.04 to -0.77 -3.24 to -0.40 0.75 to 2.69
p pon, wep (S1); foop, quip, stap (S2); telp (S3); ploat, spream (S4) .73 to .96 -2.82 to -1.09 -2.93 to -0.52 -2.53 to -0.77 1.24 to 2.69
i sib, tid (S1); quip, whid (S2); hix (S3) .63 to .95 -2.81 to -0.28 -2.14 to -0.52 -4.03 to -0.63 0.69 to 2.07
g lug (S1); grun (S2); gace (S3) .71 to .94 -2.76 to -0.87 -2.56 to -0.52 -2.14 to -0.54 1.13 to 3.21
s sib (S1); nusk, sleck, stap (S2); mirst, spream (S4) .75 to .96 -2.74 to -0.94 -2.78 to -1.19 -2.36 to -0.93 1.72 to 2.82
t tid (S1); stap (S2); meft, telp, zote (S3); cright, mirst, ploat (S4) .77 to .95 -2.68 to -0.70 -2.56 to -1.19 -2.72 to -0.88 1.20 to 2.35
d tid, vad (S1); meed, whid (S2); dell (S3); dain, noud (S4) .52 to .95 -2.59 to 0.07 -2.93 to -0.52 -2.82 to -0.03 0.65 to 2.16
ll dell (S3) .94 -2.57 -2.91 -2.95 1.13
ch cham (S1); chay (S4) .42 to .95 -2.53 to 0.70 -1.78 to -0.04 -2.79 to 0.28 1.29 to 2.20
o bock, pon (S1); flom (S2) .63 to .92 -2.51 to -0.49 -2.04 to -0.23 -3.18 to -0.42 0.85 to 2.33
ss fluss (S3) .94 -2.50 -2.91 -3.22 0.94
x hix (S3) .94 -2.49 -1.89 -4.19 0.69
l lug (S1); flom, sleck (S2); fluss, telp (S3); ploat (S4) .74 to .94 -2.40 to -1.11 -2.32 to -1.19 -3.15 to -0.66 0.88 to 3.39
r grun (S2); cright, spream (S4) .83 to .91 -2.25 to -1.04 -2.32 to -1.85 -1.83 to -1.11 1.79 to 2.91
ck bock (S1); sleck (S2) .62 to .86 -1.84 to -0.41 -1.81 to -0.54 -1.71 to -0.35 1.44 to 2.09
a cham, vad (S1); fatch, stap (S2) .66 to .86 -1.79 to -0.62 -2.04 to -0.52 -2.04 to -0.47 1.04 to 2.15
w wep (S1) .81 -1.56 -1.19 -0.95 2.91
wh whid (S2) .83 -1.50 -1.31 -1.99 0.92
e shen, wep (S1); sleck (S2); dell, meft, telp (S3) .58 to .84 -1.43 to -0.24 -2.14 to -0.52 -2.70 to -0.22 0.53 to 1.99
ay chay (S4) .87 -1.37 -1.45 -1.77 1.42
v vad (S1) .74 -1.15 -1.19 -0.74 2.40
q quip (S2) .77 -1.09 -1.24 -1.19 1.37
c gace (S3); cright (S4) .52 to .83 -1.04 to 0.53 -2.93 to -1.89 -1.15 to -0.13 0.73 to 2.57
oy foy (S4) .79 -0.70 -1.70 -1.30 1.35
tch fatch (S2) .71 -0.66 -0.92 -0.88 1.40
ar zark (S4) .78 -0.60 -0.71 -1.11 1.59
b bock, mub, sib (S1) .36 to .59 -0.25 to 0.81 -1.19 to -0.52 -0.24 to 0.54 1.54 to 2.05
ir mirst (S4) .70 -0.20 -0.71 -1.00 0.98
ee meed (S2) .60 -0.08 0.02 -0.65 0.68
ea spream (S4) .66 0.12 -0.45 -0.58 1.81
oo foop (S2) .54 0.19 0.02 -0.23 0.75
sh shen (S1) .52 0.20 -0.04 0.00 2.34
ur hurk (S4) .55 0.54 -0.71 -0.26 1.07
ai dain (S4) .56 0.56 -0.45 -0.24 1.62
igh cright (S4) .57 0.58 -0.27 -0.25 2.27
ou noud (S4) .55 0.62 -0.45 -0.21 1.44
o–e zote (S3) .55 0.62 0.06 -0.16 2.22
a–e gace, hake (S3) .49 to .50 0.84 to 0.88 0.06 -0.00 to 0.02 2.63 to 2.68
oa ploat (S4) .49 0.89 -0.45 0.02 1.32
i–e kime (S3) .43 1.14 0.06 0.22 2.07

Note. Non-Word Reading Sets 1–4 (S1–S4) comprised 10 non-words each; 30, 36, 33, and 33 total graphemes, respectively; and 19, 22, 22, and 24 unique graphemes, respectively, with 47 unique graphemes across all four sets. Overall
student N = 116,204; overall assessment administration N = 481,158. S1 = 99,751 students, 165,124 assessment administrations; S2 = 80,341 students, 108,348 assessment administrations; S3 = 72,297 students, 127,351 assessment
administrations; S4 = 51,204 students, 80,335 assessment administrations. Observed p is the observed proportion read correctly. Difficulty estimates (b) are logits; higher values indicate greater difficulty. MFRM = Many-Facet Rasch
Model; MFRM b is the difficulty estimate from the MFRM explanatory model, adjusted for grapheme type, position, phonotactic context, assessment set, and assessment year. Ranges are shown when a grapheme appeared in more than
one assessed word. 2PL a is the 2PL discrimination estimate; larger values indicate a steeper response curve, reflecting greater sensitivity to differences in estimated ability (𝜃), particularly near the corresponding difficulty estimate (b).
2PL b is the 2PL difficulty estimate.
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