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Introduction



Many factors affect word recognition

source: https://opentextbc.ca/psyclanguage/chapter/reading-models/#f8.4



Why second grade?

• Theory: Children should transition from laborious decoding 
to automatic word recognition during this period (Chall, 
1983; Stahl et al., 2005).

• Evidence: Among students in the lowest 30% at end of 
Grade 1, the distinction between those who became 
proficient readers and those who continued to struggle was 
established by the end of second grade (Spira et al., 2005).



Oral Reading 
Fluency 
Assessments:  
Grade 2

Steven was good at ping pong. He even 
got good enough to beat his big brother 
and his uncle. His family was full of good 
ping pong players. Steven tried his best 
with each game, but he was always a 
good sport when he lost a game. Mostly 
he just had fun playing his best.



Negligible 
Risk

Minimal Risk

Some Risk

At Risk

Typical ORF Information on Student Performance

Note: B = beginning of the year, M = middle, E = end



Oral Reading Fluency Assessments:  Grade 2

Steven was good at ping pong. He even got good 
enough to beat his big brother and his uncle. His 
family was full of good ping pong players. Steven 
tried his best with each game, but he was always a 
good sport when he lost a game. Mostly he just 
had fun playing his best.



Vowel Digraphs: 
Potential Features Influencing Recognition

Word Ability Percentile
1st recognized

U function
(frequency)

Morpho-logical 
Family Members

In oral language 
(Age of 
acquisition)

Concreteness Likelihood to 
appear across texts 
(Dispersion)

each 25P 1231 4.9 2.03 .97

beat 35P 53 beating, beats, 
beaten, beater:  
U = 38

6.2 3.97 .86



Consistency of Orthographic patterns:  
Critical in a Quasi-Orthographic Language

Word Forward 
(Spelling-Sound)

Backward (Sound-Spelling)

Onset rime Onset Rime
each .98 1.0 1.0 .63
beat .99 .74 1.0 .50

Spelling-Sound Sound-Spelling

Rimes--Friends Rimes: enemies Rimes--enemies

each beach, leach, peach, 
reach, teach, bleach, 
breach, preach

leech, beech, breech, 
screech, speech 

beat eat, feat, heat, meat, neat, 
peat, seat, bleat, cheat, 
cleat, pleat, treat,  wheat

great beet, feet, meet, fleet, 
greet, sheet, skeet, sleet, 
street, sweet, tweet

Boldfaced words are predicted to appear 100+ times in a million words of text—i.e., among the 1,000 most frequent 
words.

→ cells indicate consistency measures 
ranging from 0 (very inconsistent) to 1 
(very consistent) (Chee et al., 2020)



Illustrations of Vowel Patterns: 
High- and Low-Frequency Words

Vowel Pattern High Frequency Low Frequency

short big, set ping, shed

long time, see vine, weed

diphthong out, saw sprout, paws

r-controlled hers, first soared, chore

variant some, done cheese, dance 

 

Cox, O. and Briggs, D., 2023. Development of a Reading Foundational Skills Learning Progression. CU-Boulder, CADRE.



Human transparency ratings (Edwards et al., 2024)

20,000 most frequent English words rated on the difficulty of mapping decoded 
pronunciation to actual pronunciation

6 point scale, 1 = very easy to match, 6 = very difficult 

2,623 undergraduates as raters 

40 linking items w/expert rating

250 words randomly assembled as a set 

Each word rated by ~30 raters; their average = transparency rating

Spelling-to-pronunciation (forward) transparency ratings 

regularity consistencygnat



Transparency ratings (conti.)

 transparent (1)                              nontransparent (6)

word rating sd

men 1 0

van 1 0

so 1.03 0.18

bill 1.03 0.18

tap 1.03 0.19

word rating sd

bourgeoisie 5.50 1.10

bureau 5.44 0.96

pneumatic 5.42 0.97

xerox 5.35 1.38

xenophobia 5.31 1.29



Decoding System Measure (DSyM, Saha et al., 2020)



Position in text

Indexes the position of each word within each passage, which helps to look at position effects 
independent of intrinsic word features 

Ecologically valid because reading happens in text, not with isolated word lists and this variable 
may:

● Capture reading fatigue/stamina effects as readers progress through text
● Reflect contextual buildup and cognitive load
● Show differential processing (e.g., enhanced focus on sentence-initial words

○ Eye-tracking studies show position-based attentional differences (Ashby et al., 2006)

Our sample: 1 to 103 words (Mean = 30.31, SD = 19.79)



Item position effect in psychometric research

      ability of person p
      difficulty of item i when placed at the first position (k = 1)
      linear position effect
         > 0  → learning/practice effect
               < 0   → fatigue effect

Individual differences in the position effect can be examined by using

→ random weight linear logistic model (Rijman & DeBoeck, 2003)

→ with normal distribution assumption for     , correlation between      and      can be 
estimated.  

negative correlation → higher the ability, lower the position effect
                                                                                                                                              (e.g., Debeer & Jansen, 2013)



Research Questions

RQ1. What is the difficulty of the words in untimed ORF passages for second 
graders?

RQ2. What are the features that influence word difficulty? In particular, do the 
following features have an explanatory power above and beyond more 
traditional features (e.g., frequency, length, AoA, concreteness) known to 
influence word recognition?
● word’s position in a passage
● decodability, spelling↔sound consistency, spelling-sound transparency
● vowel patterns in the first syllable

AoA = age of acquisition (index for familiarity)



Computerized Oral Reading Evaluation (CORE)
Study Overview

● Large-scale project (Nese, 2022)
● Students read passages without typical one 

minute constraint
● Utilized Automatic Speech Recognition (ASR; 

Bavieca) to collect detailed reading data

Passage Characteristics

● Original works of fiction
● Target length ±5 words (medium = 50, long = 85)
● Consistent structure with beginning, middle, and 

end
● Corpus of 150 passages (50 each for Grades 

2-4; 20 long & 30 medium)

Administration Procedures

1. Teacher administered:
○ Quick overview for students
○ Ensured microphones were 

positioned properly
○ Verified mute buttons were off and 

volume was up
○ Instructed students not to touch 

microphone while reading
2. Student process:

○ Students accessed study website
○ Received audio and text instructions
○ Randomly assigned to multiple 

passages (read an average of 8.40 
passages, range 1-12)

○ Self-paced progression through 
assigned passages



Analytic sample: 
Original dataset included 706 2nd grade students in winter of 2017-18 & 2018-19: 
● at 7 public schools in 4 districts in 2 pacific northwest states (OR & WA)
● over 85% of students read 10 passages each
● a total of 71 passages were administered with a linking design 

To reduce fatigue effect, for each student, we took up to top 5 passages in terms of words read 
correctly per minute. 

Excluded: 
● very high-frequent & 2-letter words & words everyone read correctly (e.g., "the", "to", 

"and", "an", “they”), 
● proper nouns, contractions, possessives, interjections, hyphenated (“two-legged”)
● items with less than 30 students attempted, 
● items that were missing word-feature variables,
● underfitting items from initial Rasch calibrations,
● outlier-students in terms of number of items attempted 

Analytic sample: 650 students, 1,267 items (or word-tokens), 606 unique words



Students (n=650) 
● 51% Female
● 65% White, 25% Hispanic, 10% Other
● 75% Free/reduced lunch
● 11% Students w/ disabilities

Analytic sample: students

● # of passages read:
     

● # of items attempted: 
range: 3 - 170,  mean: 100  sd: 27.4

● Median WCPM (among 2-5 psgs): 
range: 2 - 186,  mean: 68  sd: 43.40

● Median accuracy (among 2-5 psgs): 
range: 15% - 100%, mean: 80.63%  sd: 24.02%



Analytic sample: passages & items (word-tokens)

Passages (n=50) 
● Original passage length

         62% medium (46-57 words)
         38% long (69-103 words)
● # of target “items” (word-tokens) per passage

range: 17- 48  mean:  25   sd: 7.5

Items (n = 1,267) & unique words (n = 606)

Steven was good at ping 
pong. He even got good 
enough to beat his big 
brother and his uncle. His 
family was full of good ping 
pong players. Steven tried his 
best with each game, but he 
was always a good sport 
when he lost a game. Mostly 
he just had fun playing his 
best.

Sample passage
 words in black counted as “item”



Word / item characteristics



Correlation matrix



Modeling approach

Q1. Rasch model (with TAM package)

Q2. LLTMe (Janssen et al., 2004) plus random effect for passages 
                                                                                                   (with lme4 package) 



Results from the Rasch Model



p5 p10 p15 p25p20 p35p30 ability 

difficulty: M = -2.79, SD = 1.07
               range from -6.29 to 0.68

ability: estimated variance = 5.1
           M = -0.21, SD = 2.1
           range = -5.53 to 3.58



p5 p10 p15 p25p20 p35p30 ability 

Easiest words

Most difficult words



p5 p10 p15 p25p20 p35p30 ability 

1.1 logit

“Words”p5 
students have 
75% of success

words (n=19)

Note. “how” and “good” were 
double- and triple-counted as 
each occurrence in passage 
counted an different “item”



p5 p10 p15 p25p20 p35p30 ability 

1.1 logit

Words (n=69) 
added to p10 
students’ mastery

sample words p10 



Features of words added to 
mastery at different ability 
percentiles



Features of words added to mastery at different ability percentiles (conti.)



Features of words added to mastery at different ability percentiles (conti.)



Results from explanatory item response 
models



Identifying the base model



Model Fit



Parameter 
Estimates: 
models 
examining 
consistency / 
decoding 
measures



Model Fit



Parameter Estimates: 
models vowel patterns in 1st syllable & 
interactions w/ frequency & position

→ short-vowel served as a reference category



Vowel pattern x position interaction



Vowel pattern x position interaction



Summary
● Words in passages varied substantially in their difficulty (~6 logits!).
● The great majority of words were located bottom 35% of the ability distribution, which helps 

us understand which words these students can read and which they have difficulty with.
● Well-studied features known to affect word reading on list (e.g., frequency, AoA, dispersion) 

collectively accounted for ~30% of variance in difficulty of words in connected text. 
● Word’s position in passage had a large and significant effect; the variance explained 

increased ~5% points. 
● Human judgements on spelling to sound transparency (Edwards et al., 2024) had a slightly 

larger and unique explanatory power than the measures based solely on word properties.  
● Vowel patterns in the first syllable had small & unique effects on difficulty with r-controlled 

and diphthong being more difficult than short-vowel. 
● Differentially larger impact of position was observed for words with long-vowel. 



Next Steps
● The final model (vowel patterns x position) explained ~ 40% of variance in 

difficulty, which is typical of this type of study. 
● Word-chunks, sentence- and text-level features should be brought in as 

additional predictors. 
○ Kara et al (2023) used NLP to extract word-chunks in identifying meaningful pauses captured 

in CORE that predicted student’s word read correctly per minute.  



Next Steps (conti.)
● Differential impact of position among students and passages should be 

investigated. 
○ With random person- or passage-weights on the position facet (Rijmen F, De Boeck P, 2002)
○ Different modeling options appear to be available for learning/practice & fatigue.

● Oral reading fluency data provide stimulating challenges for modeling: 
○ Multiple occurrences of “items” (words) within/between passages.
○ letters > words > sentences > paragraphs > passages
○ CORE provides response time (RT), which captures pause between words. 

● CORE data provides word reading data for grades 2-4 at 4 time points 
(students can be linked within the same grade). 

○ Caveat: passage order within administration is not available. 



Thank you!
ありがとう



Additional slides



Item difficulty estimates from TAM & lme4 

TAM: fixed effect for items
lme4: random effect for items 
       (1|id_item)

Highly correlated but why there is 
a curvature at the left bottom 
corner? 



Spelling-sound (feedforward) & sound-spelling (feedbackward) consistency (Chee et al., 2020)

Consistency Measures

pint

hint

boar

core

mintmore



Consistency Measure

moire/once/one/ones

(feedforward onset)

drowsed/leagued/flyer
(feedforward rime)

bairn/dearth/does

(feedbackward onset)

leagued/drowsed/ewe/aye/coup/

(feedbackward rime)

Inconsistent (0)                            Consistent (1)

drudgery/robbery/rubbery
(feedforward onset)

frankfurter/skateboarder/stepdaughter
(feedforward rime）

abstract/amide/anthrax/asphalt

(feedbackward onset)

addicts/adjunct/aspects/challenged/massive
(feedbackward rime)


