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Abstract
Students with autism spectrum disorder (ASD) and learning disabilities (LDs) often experience reading difficulties. In par-
ticular, reading long passages can cause comprehension problems. We examined whether 8 Japanese students with ASD, 
7 students with LDs, and 13 typically developing (TD) students improved their reading comprehension through two types 
of repeated reading training: whole-sentence-unit reading (WSUR) training and segment-unit reading (SUR) training. Par-
ticipants undergoing WSUR training read whole sentences repeatedly. In SUR training, they repeatedly read a segment of 
a sentence in its correct spatial location. Results indicated that students with ASD and LDs showed greater improvement in 
reading comprehension after SUR training than after WSUR training, whereas both procedures were equally effective for 
TD students. Moreover, students with ASD showed only negligible reading comprehension improvements, whereas students 
with LDs showed intermediate improvements after WSUR training. These results suggest that sequentially presenting word 
segments can improve the reading comprehension of students with ASD and specific LDs.

Keywords Segment-unit reading training · Repeated reading · Reading comprehension · Students with developmental 
disabilities · Reading difficulties

Reading Comprehension of Open‑Ended 
Questions

According to the National Institute of Child Health and 
Human Development (2000), reading comprehension skills 
comprise “phonemic awareness,” “phonics,” “oral reading 
fluency,” and “vocabulary” and usually require speaker and 
listener skills (Greer & Longano, 2010). Reading compre-
hension requires individuals to make particular responses 
to particular textual stimuli (Leon et al., 2011). Reading 
comprehension can be assessed in different ways, with each 
method offering different purposes. For example, open-
ended questions measure different aspects of comprehension 
from closed-ended questions (Leon et al., 2011). Answering 
closed-ended questions requires a corresponding stimulus to 
be selected from multiple stimuli, known as the matching-to-
sample (MTS) procedure (Sidman, 1994). In the MTS pro-
cedure, individuals match printed texts with a correspond-
ing picture (Sidman, 1994). However, the MTS procedure 
does not often help develop skills for answering open-ended 
questions, which require a constructed vocal response and 
absolute matching to text that involve skills for determining 
answers to written texts (Goldiamond & Thompson, 2004; 
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Leon et al., 2011). Responses to closed-ended questions are 
often correlated with prior knowledge, whereas open-ended 
questions measure the quality of self-explanations (Ozuru 
et al., 2013). Open-ended questions pose more difficulties for 
students with autism spectrum disorder (ASD; Nation et al., 
2006) and learning disabilities (LDs; Collins et al., 2018), 
and they need training to improve these skills.

Presenting Shorter Stimuli During Repeated 
Reading Training

Fluency is a quick, accurate, and effortless behavioral per-
formance (Johnson & Layng, 1992, 1996). Repeated read-
ing training, in which participants repeatedly read whole 
sentences until they increase their fluency (Ambruster 
et al., 2003), is one method of increasing reading fluency. 
This type of training is referred to as whole-sentence-unit 
repeated reading (WSUR) training in this article. Many 
studies have indicated that increasing reading fluency could 
increase comprehension (Fuchs et al., 2001). However, with 
repeated reading training, some studies have also shown that 
it was often difficult for individuals to improve their read-
ing comprehension (e.g., Stevens et al., 2017) although they 
increased reading fluency. Individuals with ASD and LDs 
often struggle with sentence reading comprehension even 
though they might be capable of fluent reading and word 
comprehension (Faggella-Luby & Deshler, 2008; Frith, 
1986; Nation et al., 2006). Previous studies have indicated 
that prereading words from a passage can help students 
with developmental disabilities read more fluently (Florida 
Center for Reading Research [FCRR], 2006) and compre-
hend closed-end questions (Potocki et al., 2015). Therefore, 
increasing fluent word-reading skills before reading a pas-
sage might improve open-ended question comprehension 
performance.

Characteristics of Japanese Sentences

However, increasing word-reading fluency may not be suf-
ficient for Japanese students to improve sentence reading 
comprehension skills because Japanese sentences do not 
usually have spaces between words. For example, accurately 
reading the Japanese sentence “かれがりんごをひとつたべ
た [He ate an apple]” might be easy for Japanese students 
because the sentence is written in hiragana characters (Japa-
nese phonograms), each part of which controls a part of the 
spoken response, which has a point-to-point correspondence 
between letters and sounds (e.g., か is only pronounced /ka/). 
Japanese first graders can read this sentence as accurately as 
sixth graders can, even though first graders read less fluently 
at 202.5 letters per minute compared to sixth graders’ 461.9 

letters per minute (Takahashi et al., 2011). Japanese students 
of different ages might have similar reading accuracy, even 
though younger students are less fluent than older students 
because of the nature of the Japanese language.

However, it is often difficult to comprehend the same sen-
tence for Japanese students because they need to divide the 
sentence into smaller components for comprehension: “か
れ (he /kare/ [subject]),” “が (/ga/ [subject particle]),” “り
んご (apple /ringo/ [object]),” “を (/wo/ [object particle]),” 
“ひとつ (an /hitotsu/ [indefinite article]),” “たべた (ate /
tabeta/ [verb]).” Japanese students with developmental dis-
abilities often struggle with identifying meaningful words 
in sentences without spaces (Kuhara-Kojima et al., 1996; 
Takahashi et al., 2011). Therefore, dividing components of 
sentences might facilitate comprehension for Japanese stu-
dents with developmental disabilities.

Divided components of Japanese sentences are called 
segments. Each segment is made of one meaningful word 
and one meaningless particle (e.g., “かれが [subject and 
subject particle]”). Hereafter, we will refer to a combina-
tion of a word and a particle as a segment. Without a parti-
cle, who did what for whom cannot be comprehended just 
by the word order. A word within a single segment has a 
meaning, whereas a particle has no meaning but refers to the 
context of the sentence. Therefore, unlike English readers, 
Japanese students must learn to develop segment-reading 
fluency skills rather than word-reading fluency.

Repeated Segment Reading by Japanese 
Students with Developmental Disabilities

Recent studies have shown that repeatedly reading sentence 
segments facilitates Japanese reading comprehension skills 
for closed-ended (Omori & Yamamoto, 2018) and open-
ended (Nakagawa et al., 2013) questions for students with 
developmental disabilities. Nakagawa et al. (2013) com-
pared the training effects of WSUR training and segment-
unit reading (SUR) training with one student with ASD. 
WSUR training required the participant to read whole 
sentences repeatedly, whereas SUR training required him 
to read the segments sequentially in their correct spatial 
locations within sentences. Each word or segment was pre-
sented individually during SUR training, which increased 
the focus on the presented stimuli. Results indicated that 
one student with ASD improved reading fluency through 
both types of repeated reading. However, his reading accu-
racy and comprehension of literal questions only improved 
after the SUR training. Omori and Yamamoto (2018) inves-
tigated SUR training for children with ASD and LDs with 
intellectual disabilities and reported that training improved 
reading comprehension of closed-ended questions. The par-
ticipants could not read and comprehend whole sentences 
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in the baseline phase, whereas they learned to comprehend 
whole sentences by matching sentences with corresponding 
pictures after training. These results suggest that repeatedly 
presenting each segment facilitates comprehension in Japa-
nese students with developmental disabilities as assessed 
by a matching task (Omori & Yamamoto, 2018) and verbal 
expressions (Nakagawa et al., 2013). However, previous 
studies did not directly compare the training effects of the 
two repeated reading procedures in students with ASD and 
LDs. In addition, it is yet unknown how typically develop-
ing (TD) students would differentially improve their reading 
comprehension by these two training techniques.

Objectives

We examined whether 8 students with ASD, 7 students 
with LDs, and 13 TD students improved their reading accu-
racy, fluency, and comprehension of open-ended questions 
through SUR training and WSUR training. Participants were 
required to read whole sentences and answer five questions 
about the sentences pre- and posttest under SUR and WSUR 
training conditions. Shorter texts facilitate the reading com-
prehension skills of individuals with developmental disa-
bilities (FCRR, 2006; Potocki et al., 2015). Therefore, we 
predicted that students with reading difficulties would show 
greater reading comprehension improvements after SUR 
training than after WSUR training (Nakagawa et al., 2013; 
Omori & Yamamoto, 2018), whereas TD students would 
show similar improvements in reading comprehension skills 
after both types of training.

Method

Participants

Participants were students (N = 28, 20 boys and 8 girls: 8 
with ASD, 7 with LDs, and 13 TD, ranging in age from 9 to 
15 years). Participants with ASD and LDs had been diag-
nosed by a pediatrician using the criteria from the Diagnos-
tic and Statistical Manual of Mental Disorders, 5th edition 
(American Psychiatric Association, 2010). Informed written 
consent was obtained from the participants’ parents before 
the study was conducted. We matched the mean chrono-
logical ages of the student groups (ASD = 12.38; LD = 
11.71; TD = 12.62). All the participants were enrolled in 
mainstream classes in a public elementary school or junior 
high school. None of the students with ASD or LDs had 
any notable social, communication, or behavioral prob-
lems other than reading comprehension. Participants were 
assessed using the Wechsler Intelligence Scale for Children, 
4th edition (Japanese edition; Wechsler, 2010). Their mean 

full-scale IQ (FSIQ) was 99.25 (SD = 6.31). TD students 
had a higher mean FSIQ (104.92, SD = 7.40), F(2, 25) = 
5.23, MS = 253.15, p < .05, r = .42, than students with ASD 
(96.25, SD = 5.42), t(19) = 2.77, p < .05, and students with 
LDs (96.57, SD = 6.48), t(18) = 2.56, p < .05.

We assessed the participants’ hiragana (a Japanese syl-
labary consisting of 46 characters) reading skills using four 
one-line sentences (16.00 letters, SD ± 2.00) that included 
first- to second-grade-level kanji characters (Japanese ideo-
grams) in a sentence. All the participants could accurately 
read all the hiragana and kanji characters used in the four 
short sentences within 3 s.

Stimulus and Apparatus

A desktop computer (Dell TruStudioPC with Windows 7) 
was used to control the presentation of pre- and posttest 
stimulus passages on a display (Iiyama ProLite E2710HDS, 
resolution 1920 × 1080 pixels). A laptop computer (Pana-
sonic Let’s Note CF-S10 with Windows 7) was also used to 
conduct the training.

We prepared 50 passages written in hiragana and kanji. 
Each passage was presented on two slides in 28-point font. 
A half-width space was inserted between each segment, 
and one line space was inserted between lines. A passage 
consisted of 66.25 segments (range 50–85) and a mean of 
284.04 letters (range 248–318). Examples of the passages’ 
topics included “modes of life,” “origins of food,” “origins 
of sports,” and “science and technology.” Each passage con-
tained five factual questions related to the passage focusing 
on “what,” “where,” “when,” “who,” “why,” or “how.”

Procedure

A pre-post design was used to assess the effects of the two 
training conditions: SUR training and WSUR training.

Pretest

Each passage and its associated questions were presented 
sequentially on the computer. Participants were instructed 
to read the story aloud on each of the two slides as quickly 
as possible and verbally answer questions. After the partici-
pant read the two slides displaying the passage, five ques-
tions were sequentially presented on the computer to the 
participant. Participants were instructed to answer all the 
questions, if possible, sequentially. They were required to 
respond with “I don’t know” if they could not answer a ques-
tion. Previously, we had matched the passages for reading 
accuracy, reading time, and reading comprehension after 
each participant had read 6 to 10 passages and answered 
questions. The participants began the training using six pas-
sages with matching reading levels; 14 participants were 
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trained with SUR training on the first, third, and fifth pas-
sages and WSUR training on the second, fourth, and sixth 
passages, whereas the other 14 participants were trained in 
the opposite order.

Training Conditions

Each participant was randomly assigned three passages used 
in the pretest to SUR and WSUR training conditions. The 
training order was counterbalanced. Presenting one training 
condition was followed by the posttest for one of the six pas-
sages. Following this, the participants began the other type 
of training using a different set of three passages. Figure 1 

shows the two reading training conditions: SUR (top) and 
WSUR (bottom).

In SUR training, only one segment of a passage was pre-
sented on the computer screen at one time, and participants 
were required to read the single segment aloud. After the 
participants had read it accurately, the experimenter clicked 
on the slide, and the subsequent passage segment appeared. 
Each segment of pre- and posttest passages appeared in its 
correct location after the preceding segment disappeared. 
Therefore, a participant moved their eyes from top to bottom 
during training because Japanese passages are read vertically. 
The experimenter did not present the next slide if a participant 
could not read the segment accurately or correctly, and the 

Fig. 1  The two types of repeated reading procedures. Note. The top 
panel shows the segment-unit reading procedure (SUR) training. 
After each presented segment is read in SUR training, the next seg-
ment’s location is moved from the top to the bottom. The bottom 

panel shows the whole-sentence-unit reading procedure (WSUR) 
training. A segment consisted of one meaningful word and one mean-
ingless particle
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participant attempted to reread the segment. If a participant 
could not read a word or a segment accurately after two pres-
entations, the experimenter pointed with their index finger at 
the targeted word or segment as a prompt, demonstrated the 
vocal sound of the word or segment, and instructed the par-
ticipant to reread the segment. The participant had to read all 
the passage segments sequentially in each SUR training block, 
and the participant was given two training blocks.

In WSUR training, the first slide of a passage was pre-
sented, and participants were required to read all the pre-
sented sentences aloud. After reading the first slide of a 
passage, the second slide was immediately presented, and 
participants read the sentences aloud. Similar to prompting 
in SUR training, the experimenter pointed to the target and 
demonstrated the spoken sound if a participant could not 
read a word or segment accurately after two presentations. 
After the experimenter demonstrated the vocal sound, the 
participant was instructed to read the segment once. The 
following slide was presented if the participant could read 
the segment correctly. The participants read all the passages 
in one WSUR training block, and each participant responded 
to two training blocks. The participants started the posttest 
immediately after the training. After completing one training 
and posttest session, the participants began training on the 
remaining passages using the other training method. This 
training and testing cycle continued until the participants 
completed training on all six passages.

Posttest

The posttests were identical to the pretests. The same stimu-
lus texts were used in pre- and posttests because previous 
studies (Nakagawa et al., 2013; Omori & Yamamoto, 2018) 
have demonstrated that students with developmental dis-
abilities often fail to improve their reading comprehension 
skills even when the same stimulus passages were used in 
pre- and posttests.

Dependent Variables

Three dependent variables were used to evaluate reading 
skills improvements: accurately read segment percentages, 
reading time, and correct response percentages to questions 
about the passages. We counted the number of phonetically 
correct verbal responses to the segments in pre- and post-
tests compared to the number of vocal responses to calcu-
late reading accuracy. Moreover, we measured reading time 
from the participant reading the first segment to the par-
ticipant reading the last segment of a passage to calculate 
reading time. Furthermore, we counted the number of cor-
rect responses to the five questions about each passage and 
calculated the percentage of correct responses as a measure 
of reading comprehension.

Reliability

Two independent observers, including the experimenter, 
Omori, involved in the testing, evaluated whether a correct 
response was provided in the reading comprehension test. 
Both observers listened to the participants and independently 
evaluated whether the response was correct. The observers 
evaluated all the trials for each participant. Trial-by-trial 
interobserver agreement (IOA) was calculated as the number 
of consistent, correct responses. The IOA values were 100% 
for pre- and posttest reading comprehension tests. Cohen’s 
kappa (Cohen, 1968) was calculated to measure interrater 
reliability for vocal responses, which was 1.00 for all the 
participants’ reading comprehension test responses.

Data Analysis

We conducted a mixed-factorial analysis of variance on 
reading accuracy, fluency, and comprehension scores using 
a 3 (group: participants with ASD or LDs and TD students; 
between group) × 2 (training conditions: SUR and WSUR; 
within group) × 2 (test conditions: pretests and posttests; 
within group) design to compare the effects of training type 
on the performance of the two groups of participants.

Results

Reading Fluency and Accuracy

Table 1 shows the mean reading time, the mean percentage of 
reading accuracy, and the mean percentage of correct responses 
on the comprehension quiz for the three groups of participants.

All the students spent an average of 92.46 s reading time 
(SE = 5.18) for WSUR pretests and 96.85 s reading time (SE 
= 4.76) for SUR pretests. They decreased their reading time 
to 74.78 s (SE = 3.62) after WSUR training and 78.39 s (SE 
= 3.89) after SUR training. There was a significant main 
effect of the test conditions, F(1, 25) = 9.11, MS = 6201.77, 
p < .01, r = .52, which indicated that SUR training and 
WSUR training were effective in decreasing reading time in 
all the study groups.

All the students demonstrated an average 87.66% reading 
accuracy (SE = 0.01) in the WSUR pretest and 87.98% reading 
accuracy (SE = 0.01) for the SUR pretest. They increased their 
reading accuracy to 93.77% (SE = 0.01) after WSUR training 
and 94.41% (SE = 0.01) after SUR training. There were main 
effects of group, F(2, 25) = 4.63, MS = .011, p < .05, r = .40, 
and test condition, F(1, 25) = 53.33, MS = .010, p < .001, r 
= .83. A multiple comparison using Ryan’s method revealed 
that students with ASD (88.84%) had lower overall reading 
accuracy than TD students (92.44%), t(82) = 3.25, MSE = 
.002, p < .005, r = .34. All the students successfully improved 
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their reading accuracy after both types of training, such that the 
participants decreased their reading errors from 8.41 times of 
errors (SE = 1.14) to 4.43 times (SE = 0.81) after WSUR train-
ing and 8.17 times of errors (SE = 0.90) to 3.82 times (SE = 
0.92) after SUR training.

Reading Comprehension

The students scored an average 27.14% (SE = 0.02) and 25.71% 
(SE = 0.02) for reading comprehension in WSUR and SUR 
training pretests, respectively. They improved their reading 
comprehension to 61.07% (SE = 0.04) after WSUR training 
and 79.29% (SE = 0.03) after SUR training. We found a sig-
nificant group, training, and test condition interaction, F(2, 25) 
= 6.87, MS = .099, p < .005, r = .47. A post hoc analysis 
using three simple-simple main effects tests revealed a simple-
simple main effect of group and posttest for WSUR training, 
F(2, 100) = 18.30, MS = .029, p < .001, r = .39, whereas there 
was no simple-simple main effect of SUR training, F(2, 100) 
= .46, MS = .007, p = .64, ns. A multiple comparison using 
Ryan’s method revealed that students with ASD showed less 
reading comprehension improvements after the WSUR training 
(38.75%) compared to those with LDs (60.00%), t(13) = 3.24, 
MSE = .016, p < .005, r = .60, and TD students (75.38%), t(19) 
= 6.43, MSE = .016, p < .001, r = .83, whereas TD students 
showed better reading comprehension improvements than stu-
dents with LDs, t(18) = 2.59, MSE = .016, p < .05, r = .52.

We also found simple-simple main effects of training in 
participants with ASD at posttest, F(1, 50) = 54.89, MS = 
.786, p < .001, r = .72, and participants with LDs’ posttest 
percentages, F(1, 50) = 7.50, MS = .107, p < .01, r = .36, 
indicating that students with ASD (81.25%) and students with 
LDs (75.71%) had a higher percentage of correct responses 
after SUR training than after WSUR training (38.75% and 
60.00%, respectively). To the contrary, TD students improved 
their reading comprehension equally after both types of train-
ing (WSUR: 75.38%; SUR: 80.00%), F(1, 50) = .68, MS = 
.009, p = .435, ns. These results indicated that ASD students 
found it more difficult to comprehend a passage after WSUR 
training than students with LDs and TD students, similar to 
students with LDs compared to TD students. Students with 
ASD and LDs showed higher percentages of correct responses 
after SUR training than after WSUR training, whereas TD 
students showed similar results after both types of training.

Discussion

Improved Reading Comprehension Skills with WSUR 
and SUR Training

This study examined whether students with ASD, students 
with LDs, and TD students improve their reading skills Ta
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through two types of repeated reading training: SUR and 
WSUR. Table 1 shows that most students improved their 
reading accuracy, reading time, and comprehension after 
training, and both types of training had comparable effects 
on improving reading accuracy and decreasing the read-
ing time of all the study groups. Moreover, TD students 
improved their reading comprehension equally after both 
training conditions. However, the results indicated that 
students with ASD and students with LDs scored higher on 
the comprehension quiz after the SUR training than after 
the WSUR training, which replicated Omori and Yama-
moto (2018) and Nakagawa et al. (2013). Students with 
ASD and LDs were more likely to improve their reading 
comprehension skills assessed by open-ended literal ques-
tions when each segment of a passage appeared discretely 
within a temporal and spatial sequence.

Effects of Sequentially Presenting Short Stimuli

Participants read whole sentences repeatedly in typical 
repeated reading training (Ambruster et al., 2003). How-
ever, research has indicated that students with ASD and 
LDs can read and comprehend words (Faggella-Luby & 
Deshler, 2008; Frith, 1986; Nation et al., 2006). Previous 
research has shown that presenting words (FCRR, 2006) 
or short texts (Potocki et al., 2015) assisted students with 
developmental disabilities in decreasing their reading time 
and increasing their comprehension of closed-ended ques-
tions. This study indicates that although English and Japa-
nese have different writing systems, sequentially presenting 
Japanese segments assisted students with developmental 
disabilities in answering open-ended questions. There are 
usually no spaces between words or letters in Japanese sen-
tences, and finding segments in sentences can be a key to 
comprehending a passage and its context. We presented 
spaced sentences in pre- and posttests; however, sequen-
tially presenting each segment separately during training 
might have made it easier for participants to read and com-
prehend the meaning of these segments. Conversely, pre-
senting whole sentences of a passage on the display might 
have decreased these participants’ chances of comprehend-
ing the meaning of each segment, which might explain why 
participants with developmental disabilities showed more 
significant improvements in reading comprehension after 
SUR training than after WSUR training.

Why Is Presenting the Correct Location Necessary 
for Students with Developmental Disabilities?

Developing the ability to read a passage fluently, by itself, 
might not directly result in the comprehension of the 

passage (Stevens et al., 2017). In SUR training, we pre-
sented each passage segment sequentially in its correct 
location, which was expected to help participants observe 
the letter strings as words, visually identify the words, 
and integrate the passage’s meaning (Omori & Yamamoto, 
2018). In other words, controlling the quantity and the 
location of stimuli was expected to facilitate reading com-
prehension of passages by individuals with developmental 
disabilities. Moreover, students with ASD and students 
can relate tools and component skills to passage reading 
comprehension as composite behaviors (Johnson & Layng, 
1992, 1996) after becoming capable of reading and com-
prehending segments (FCRR, 2006).

Japanese Students with Developmental Disabilities’ 
Difficulties in Reading Whole Sentences

Table 1 shows that students with ASD had the most negli-
gible reading comprehension improvements, and students 
with LDs had intermediate improvements after WSUR 
training. Previous studies have shown that Japanese stu-
dents with developmental disabilities often struggle with 
identifying meaningful words from sentences without 
spaces (Kuhara-Kojima et  al., 1996; Takahashi et  al., 
2011). Even though we used spaced sentences, Japanese 
students with developmental disabilities had difficulties 
dividing components of simultaneously presented sen-
tences and connecting meanings. WSUR training with 
Japanese sentences also facilitated reading speed and 
accuracy improvements in students with developmental 
disabilities, possibly due to characteristics of the Japanese 
language. Japanese hiragana letters have a point-to-point 
correspondence between letters and sounds, and read-
ing itself is not very difficult for Japanese students with 
developmental disabilities. However, increasing reading 
fluency might not be sufficient for Japanese students with 
developmental disabilities to improve sentence reading 
comprehension. Why was WSUR training not as effective 
as SUR training for Japanese students with developmen-
tal disabilities, and why did TD students improve their 
reading comprehension skills by repeatedly reading whole 
sentences? These issues remain to be investigated.

Future Research and Limitations

Omori and Yamamoto (2018) reported the results of only 
two participants. In contrast, the current study extended the 
applicability of SUR training to improving the reading com-
prehension skills of students with developmental disabilities 
and reading difficulties. Previous studies have shown that it 
is difficult to improve the reading comprehension of students 
with intellectual disabilities by having them repeatedly read 

864 Behavior Analysis in Practice (2022) 15:857–866



long sentences (Nakagawa et al., 2013; Omori & Yamamoto, 
2018). Participants with ASD and LDs in this study had not 
been diagnosed with intellectual disabilities, and their FSIQs 
ranged from 87 to 105. Nevertheless, the small sample of 
participants with developmental disabilities showed greater 
reading comprehension improvements after SUR training. 
Moreover, two students with LDs showed more significant 
comprehension improvements after WSUR training, simi-
lar to previous studies (Ambruster et al., 2003; Fuchs et al., 
2001; Stevens et al., 2017), whereas all the students with 
ASD only showed a slight improvement. Therefore, further 
research is required to identify whether training effects on 
developmental disabilities differ based on intelligence, diag-
noses, or an interaction between them. It is suggested that 
future studies investigate the responsiveness of students with 
developmental disabilities to SUR training interventions by 
analyzing their behavioral and cognitive profiles precisely.

The training time might be another potential confound-
ing factor in this study. We did not record the reading time 
during training, and the participants might have required 
a shorter training time to complete WSUR training than 
SUR training. Future research must analyze the behavioral 
repertoires of participants with developmental disabilities 
to evaluate their responsiveness to SUR training. There 
might also have been possible testing effects caused by the 
pre-post design of this study, and a no-training group or 
a waiting-list group of participants should be included to 
examine testing effects in future studies. Preparing untrained 
sentences could also be a solution for canceling the testing 
effects of SUR training, as indicated in a previous study 
(Omori & Yamamoto, 2018). One reason for the difficulties 
faced by Japanese students with developmental disabilities 
in reading whole sentences could be the difference in eye-
movement patterns during reading (Omori, 2019). Omori 
(2019) reported that TD students read whole sentences 
with their eyes focused on segments, whereas students with 
developmental disabilities mainly focused on each letter 
in a sentence. Therefore, future research should analyze 
eye-movement changes along with reading comprehension 
development to clarify why SUR training and WSUR train-
ing have different effects, especially on students with devel-
opmental disabilities.

Code Availability Tobii Studio (#G6BWL-3PH2C-46EDY-2ACNX).

Authors’ Contributions The first author made substantial contributions 
to the conception and design of the study; the acquisition, analysis, and 
interpretation of data; and the development of the new training methods 
used in the study. The second author drafted the manuscript and criti-
cally revised its intellectual content.

Funding This research was supported in part by grants in aid from 
the Japan Society for the Promotion of Science (JSPS) Research Fel-
lowship (Grant 26・3116) and the JSPS KAKENHI (Grants 18K13225 
and JP26285213).

Data Availability Not applicable.

Declarations 

Conflict of Interest All the authors declare that they have no conflicts 
of interest regarding the findings of this study.

Ethical Approval All procedures were conducted according to Keio 
University’s Faculty of Letter’s Institutional Review Board’s ethical 
standards, the 1964 Helsinki declaration and its later amendments, and 
comparable ethical standards for studies involving human participants.

Informed Consent Written and oral informed consent was obtained 
from all the participants and their parents.

Open Access This article is licensed under a Creative Commons Attri-
bution 4.0 International License, which permits use, sharing, adapta-
tion, distribution and reproduction in any medium or format, as long 
as you give appropriate credit to the original author(s) and the source, 
provide a link to the Creative Commons licence, and indicate if changes 
were made. The images or other third party material in this article are 
included in the article's Creative Commons licence, unless indicated 
otherwise in a credit line to the material. If material is not included in 
the article's Creative Commons licence and your intended use is not 
permitted by statutory regulation or exceeds the permitted use, you will 
need to obtain permission directly from the copyright holder. To view a 
copy of this licence, visit http:// creat iveco mmons. org/ licen ses/ by/4. 0/.

References

Ambruster, B. B., Lehr, F., & Osborn, J. (2003). A child becomes a 
reader: Kindergarten through grade 3. National Institute for 
Literacy.

American Psychiatric Association. (2013). Diagnostic and statistical 
manual of mental disorders (5th ed.). Washington, DC:Author

Cohen, J. (1968). Weighted kappa: Nominal scale agreement with 
provisions for scale disagreement or partial credit. Psychological 
Bulletin, 70, 313–320. https:// doi. org/ 10. 1037/ h0026 256

Collins, A. A., Lindström, E. R., & Compton, D. L. (2018). Comparing 
students with and without reading difficulties on reading compre-
hension assessments: A meta-analysis. Journal of Learning Disa-
bilities, 51, 108–123. https:// doi. org/ 10. 1177/ 00222 19417 704636

Faggella-Luby, M. N., & Deshler, D. D. (2008). Reading comprehen-
sion in adolescents with LD: What we know; what we need to 
learn. Learning Disabilities Research & Practice, 23, 70–78. 
https:// doi. org/ 10. 1111/j. 1540- 5826. 2008. 00265.x

Florida Center for Reading Research. (2006). Fluency: Connected text. 
Retrieved July 10, 2021, from http:// www. fcrr. fsu. edu/ docum ents/ 
sca/ G2-3/ 2- 3Flue ncy_4_ Conne cted_ Text. pdf

Frith, U. (1986). A developmental framework for developmental dys-
lexia. Annals of Dyslexia, 36, 67–81. https:// doi. org/ 10. 1007/ 
BF026 48022

Fuchs, L. S., Fuchs, D., Hosp, M. K., & Jenkins, J. R. (2001). Oral 
reading fluency as an indicator of reading competence: A theoreti-
cal, empirical, and historical analysis. Scientific Studies of Read-
ing, 5, 239–256. https:// doi. org/ 10. 1207/ S1532 799XS SR0503_3

Goldiamond, I., & Thompson, D. (2004). In P. T. Andronis (Ed.), The 
blue books: Goldiamond & Thompson’s functional analysis of 
behavior. Cambridge Center for Behavioral Studies.

Greer, R. D., & Longano, J. (2010). A rose by naming: How we may 
learn how to do it. The Analysis of Verbal Behavior, 26, 73–106. 
https:// doi. org/ 10. 1007/ BF033 93085

865Behavior Analysis in Practice (2022) 15:857–866

http://creativecommons.org/licenses/by/4.0/
https://doi.org/10.1037/h0026256
https://doi.org/10.1177/0022219417704636
https://doi.org/10.1111/j.1540-5826.2008.00265.x
http://www.fcrr.fsu.edu/documents/sca/G2-3/2-3Fluency_4_Connected_Text.pdf
http://www.fcrr.fsu.edu/documents/sca/G2-3/2-3Fluency_4_Connected_Text.pdf
https://doi.org/10.1007/BF02648022
https://doi.org/10.1007/BF02648022
https://doi.org/10.1207/S1532799XSSR0503_3
https://doi.org/10.1007/BF03393085


Johnson, K. R., & Layng, T. J. (1992). Breaking the structuralist bar-
rier: Literacy and numeracy with fluency. American Psychologist, 
47, 1475–1490. https:// doi. org/ 10. 1037/ 0003- 066X. 47. 11. 1475

Johnson, K. R., & Layng, T. J. (1996). On terms and procedures: Flu-
ency. The Behavior Analyst, 19, 281–288. https:// doi. org/ 10. 1007/ 
BF033 93170

Kuhara-Kojima, K., Hatano, G., Saito, H., & Haebara, T. (1996). 
Vocalization latencies of skilled and less skilled comprehenders 
for words written in hiragana and kanji. Reading Research Quar-
terly, 31, 158–171. https:// doi. org/ 10. 1598/ RRQ. 31.2.3

Leon, M., Layng, T. V., & Sota, M. (2011). Thinking through text 
comprehension III: The programing of verbal and investigative 
repertoires. The Behavior Analyst Today, 12, 22–33. https:// doi. 
org/ 10. 1037/ h0100 708

Nakagawa, H., Omori, M., Sugasawara, H., & Yamamoto, J. (2013). 
知的障害を伴う自閉症のある生徒における文節単位読み訓練の
効果 [Segment-unit reading for a student with autism and intel-
lectual disabilities]. Japanese Journal of Special Education., 51, 
260–278.

Nation, K., Clarke, P., Wright, B. J., & Williams, C. (2006). Patterns of 
reading ability in students with autism spectrum disorder. Journal 
of Autism and Developmental Disorders, 36, 911–919. https:// doi. 
org/ 10. 1007/ s10803- 006- 0130-1

National Institute of Child Health and Human Development. (2000). 
Report of the National Reading Panel: Teaching students to read: 
An evidence-based assessment of the scientific literature on read-
ing and its implications for reading instruction (NIH Publication 
No. 00-4769). U.S. Government Printing Office.

Omori, M. (2019). 学習支援における行動の計測と制御：応用行動分
析における工学的手法の応用 [Behavioral instrument and control 
in learning support area: Applied behavior analysis in engineering 
application]. Journal of the Society of Instrument and Control 
Engineers, 58, 415–418. https:// doi. org/ 10. 11499/ sicejl. 58. 415

Omori, M., & Yamamoto, J. (2018). Sentence reading comprehension 
by means of training in segment-unit reading for Japanese children 
with intellectual disabilities. Behavior Analysis in Practice, 11, 
9–18. https:// doi. org/ 10. 1007/ s40617- 017- 0196-6

Ozuru, Y., Briner, S., Kurby, C. A., & McNamara, D. S. (2013). Com-
paring comprehension measured by multiple-choice and open-
ended questions. Canadian Journal of Experimental Psychology, 
67, 215–227. https:// doi. org/ 10. 1037/ a0032 918

Potocki, A., Magnan, A., & Ecalle, J. (2015). Computerized training in 
four groups of struggling readers: Specific effects on word reading 
and comprehension. Research in Developmental Disabilities, 45, 
83–92. https:// doi. org/ 10. 1016/j. ridd. 2015. 07. 016

Stevens, E. A., Walker, M. A., & Vaughn, S. (2017). The effects of 
reading fluency interventions on the reading fluency and reading 
comprehension performance of elementary students with learn-
ing disabilities: A synthesis of the research from 2001 to 2014. 
Journal of Learning Disabilities, 50, 576–590. https:// doi. org/ 10. 
1177/ 00222 19416 638028

Sidman, M. (1994). Equivalence relations and behavior: Aresearch 
story. Boston: Authors Cooperative.

Takahashi, M., Iwabuchi, M., Kono, T., & Nakamura, K. (2011). 
Development of audio-visual learning support system “Touch & 
Read”: How it can compensate the reading difficulties. Cognitive 
Studies, 18, 521–533. https:// doi. org/ 10. 11225/ jcss. 18. 521

Wechsler, D. (2010). Wechsler Intelligence Scales for Children (4th 
ed.) (K. Ueno, K. Fujita, H. Maekawa, T. Ishikuma, K. Dairoku, 
& O. Matsuda, Trans.). The Psychological Corporation. (Original 
work published 2003)

Publisher’s Note Springer Nature remains neutral with regard to 
jurisdictional claims in published maps and institutional affiliations.

866 Behavior Analysis in Practice (2022) 15:857–866

https://doi.org/10.1037/0003-066X.47.11.1475
https://doi.org/10.1007/BF03393170
https://doi.org/10.1007/BF03393170
https://doi.org/10.1598/RRQ.31.2.3
https://doi.org/10.1037/h0100708
https://doi.org/10.1037/h0100708
https://doi.org/10.1007/s10803-006-0130-1
https://doi.org/10.1007/s10803-006-0130-1
https://doi.org/10.11499/sicejl.58.415
https://doi.org/10.1007/s40617-017-0196-6
https://doi.org/10.1037/a0032918
https://doi.org/10.1016/j.ridd.2015.07.016
https://doi.org/10.1177/0022219416638028
https://doi.org/10.1177/0022219416638028
https://doi.org/10.11225/jcss.18.521

	Segment-Unit Reading Comprehension Training for Japanese Students with Autism Spectrum Disorder and Learning Disabilities
	Abstract
	Reading Comprehension of Open-Ended Questions
	Presenting Shorter Stimuli During Repeated Reading Training
	Characteristics of Japanese Sentences
	Repeated Segment Reading by Japanese Students with Developmental Disabilities
	Objectives
	Method
	Participants
	Stimulus and Apparatus
	Procedure
	Pretest
	Training Conditions
	Posttest

	Dependent Variables
	Reliability
	Data Analysis

	Results
	Reading Fluency and Accuracy
	Reading Comprehension

	Discussion
	Improved Reading Comprehension Skills with WSUR and SUR Training
	Effects of Sequentially Presenting Short Stimuli
	Why Is Presenting the Correct Location Necessary for Students with Developmental Disabilities?
	Japanese Students with Developmental Disabilities’ Difficulties in Reading Whole Sentences
	Future Research and Limitations

	Code Availability 
	References


