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Abstract
Children with autism spectrum disorder (ASD) may struggle with verbal behavior 
related to recall in various contexts. However, relatively little research has evalu-
ated methods for improving recall among this population, and even fewer from a 
verbal behavior perspective. One socially important set of skills that relies upon a 
behavioral repertoire of recall is applied reading skills, such as reading comprehen-
sion and story recall. Valentino et  al. (2015) designed an intervention package to 
teach children with ASD to recall short stories and conceptualized the behavior as 
an intraverbal chain. The present study replicated and extended that study with three 
school-aged children with ASD using a multiple baseline design across stories. For 
some participants and some stories, story recall was mastered under less intensive 
intervention conditions than in the previous study. When it was necessary to imple-
ment the full intervention package, the effects largely replicated previous research. 
Improvements in recall were correlated with increases in correct answers to compre-
hension questions. These data have important implications for clinicians and educa-
tors providing reading and recall interventions to children with ASD. Results also 
have theoretical implications for verbal behavior accounts of memory and recall, and 
suggest several possible avenues for future research.
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Memory and recall are longstanding topics of interest in the psychological and 
behavioral sciences. As proposed by Palmer (1991), whenever the term “recall” or 
“memory” is used, either term may actually refer to one of two distinct behavioral 
phenomena1. The first behavioral phenomenon that we might describe as “recall” is 
best analyzed as a matter of stimulus control: whether discriminative stimuli main-
tain their effects when they are not encountered for extended periods of time. For 
example, a pigeon may be given food for pecking a green key, and over time this 
behavior comes under stimulus control such that the pigeon only pecks the key when 
it is green, not when it is red or unlit. We may say the pigeon “recalls” this arrange-
ment if it still pecks only the green key when we place it in the chamber after a year 
goes by during which the pigeon is not exposed to this arrangement or given any 
practice pecking green keys.

The second sort of behavior that we might describe as recall is considerably more 
complex. This type of recall is best approached as a matter of problem-solving, and 
requires responding under joint control of both antecedent verbal stimuli and some 
other stimuli that are not present at the time of recall (Lowenkron, 2006; Palmer, 
1991). For example, when presented with a verbal stimulus such as “What color 
shirt did you wear yesterday?” there is no relevant nonverbal stimulus to occasion 
an accurate tact (i.e., yesterday’s shirt). Instead, a person might use problem-solving 
strategies to generate supplementary verbal or nonverbal stimuli that increase the 
likelihood of a correct response (Palmer, 1991). For example, you might use self-
intraverbal statements such as, “Yesterday was Tuesday. On Tuesdays I meet with 
my supervisor, so I wore something nice. That’s right, I wore my new blue shirt.” A 
person may also engage in visual imagining (Aguirre & Rehfeldt, 2015; Kisamore 
et al., 2011; Skinner, 1953; Skinner, 1974) as a part of this process, such that one 
can “see” oneself sitting in a meeting room with their supervisor, wearing a blue 
shirt (Palmer, 1991).

Children with developmental delays, such as autism spectrum disorder (ASD), 
often exhibit persistent delays in recall behaviors that may require targeted interven-
tion (e.g., Bordignon et al., 2015; Krantz et al., 1981; Shillingsburg et al., 2017). One 
specific type of recall behavior in which children with ASD are likely to experience 
deficits relative to their neurotypical peers is recalling stories read to them by teach-
ers (Baixauli et al., 2016; Diehl et al., 2006; Williams et al., 2006). This particular 
behavior, often referred to as story recall, is considered an important foundational 
skill among the broader repertoires associated with listening and reading comprehen-
sion (Kim & Pilcher, 2016; Reed & Vaughn, 2012; Shapiro et al., 2014). Thus, it is 
possible that deficits in story recall skills might underlie the broader array of deficits 
in reading skills that children with ASD often experience as compared with neurotyp-
ical peers during their academic years (McIntyre et al., 2017; Ricketts et al., 2013).

Palmer’s (1991) behavioral analysis of recall has the potential to support the 
design of effective behavioral interventions for these skills. However, to date there 
have been limited empirical investigations of behavioral interventions for directly 

1  For concision, we will exclusively use the term “recall” rather than “memory” throughout the remain-
der of this paper.
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teaching story recall to children with ASD (Bailey & Arciuli, 2020), and even 
fewer from a behavioral perspective. Most notably, Valentino et al. (2015) designed 
a behavioral intervention for improving the story recall behavior of three children 
with ASD. The experimenters created picture books containing short stories, read 
the stories to the participants, and later asked them to recall the story (e.g., “Tell me 
the story about [name of story]”). The intervention included textual prompts, error 
correction, backward chaining, and the delivery of social and tangible reinforcers 
for correct recall. Improvements in story recall were reported for all three children. 
Moreover, after intervention was completed with a few initial stories, participants 
began to correctly recall stories that remained in a modified baseline condition that 
consisted of repeated reading and tangible reinforcement for correct recall. This lat-
ter finding suggested that the intervention might have produced improvements in a 
generalized repertoire of story recall, although that notion remains speculative due 
to the multiple baseline across stories design used in that study.

Replications of Valentino et al. (2015) would be valuable, and several features of 
the study also suggest some extensions, modifications, or additional questions to be 
explored. First, the intervention used in Valentino et al. was complex, and required 
substantial idiosyncratic modifications for two out of three participants. Valentino 
et al. suggested that it might be possible to produce an intervention that is more con-
sistently effective (i.e., fewer individualized modifications) if differential reinforce-
ment of unprompted responses (e.g., Campanaro et al., 2020; Vladescu & Kodak, 
2010) and alternative, a time-based termination criterion during probe trials, were 
incorporated (Valentino et al., 2015). However, these suggested changes to the inter-
vention have yet to be studied.

Second, additional replications are needed to further investigate the potential that 
this sort of direct intervention for story recall might produce generalized improve-
ments in a broader repertoire of story recall, such that continued intervention may no 
longer be necessary after implementation with a few initial stories. Such an outcome 
was suggested by the data in Valentino et al. (2015), but with limited experimental 
control and for only three participants. Additional data are needed to investigate the 
potential consistency of such an outcome.

Third, some secondary dependent variables merit exploration in a replication 
of Valentino et  al. (2015). In that study’s baseline sessions, recall was tested 30 
s after reading, but it was tested 24 h after reading in the intervention condition. 
Additional research is needed to identify what impact various delays might have on 
the accuracy of story recall during intervention for this population. Valentino et al. 
also posited that improvements in story recall might set the stage for subsequent or 
concurrent improvements in other reading skills, such as answering questions about 
the stories. However, no reading comprehension behaviors, aside from story recall, 
were measured in the Valentino et al. study. Additional research is needed to deter-
mine whether behavioral interventions for story recall might produce corresponding 
increases in other reading comprehension behaviors like answering questions.

The overall aim of the current study was to replicate the Valentino et al. (2015) 
study with three additional children with ASD. Three main areas of inquiry guided 
this replication. First, we explored the impact of two specific changes proposed 
by Valentino et al.: (a) differential reinforcement of unprompted responses and (b) 
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time-based termination criteria during recall probes. Second, we replicated the use 
of reading-and-reinforcement baseline probes before, during, or after intervention 
with each story to explore whether outcomes suggestive of generalization could be 
replicated. Finally, we explored the impact of intervention on two secondary vari-
ables: (a) responding at varied delays from reading and (b) answering comprehen-
sion questions about the stories.

Method

Participants and Setting

Three boys diagnosed with ASD participated in the study: Nick, Edgar, and Albert, 
who were 11, 5, and 8 years old, respectively. All three attended a school program 
for children with ASD. Each child’s teacher referred them to the study based on defi-
cits in story recall and reading comprehension, and identification of story recall as 
an educational goal. Informed consent to participate was obtained from each child’s 
parent or legal guardian. Teachers sought participant assent at the start of every ses-
sion by asking whether the participant would like to go work on reading; the session 
began if the participant responded affirmatively.

To verify appropriateness for inclusion, the second author conducted the reading 
cluster of the WJ Tests of Achievement-IV (Schrank et  al., 2014) with each par-
ticipant at the start of the study in a session room with minimal distractions. We 
conducted subtests to calculate every participant’s Broad Reading and Basic Read-
ing Skills scores, and the Reading Recall subtest to verify the participants’ reported 
deficits in story recall. Although not standard for this testing protocol, we used non-
contingent praise and breaks from testing to maintain responding. We used partic-
ipants’ Basic Reading Skills grade equivalent score to inform construction of the 
stories used in the study (described below). Participants were eligible for the study 
if they scored 89 or lower on the Reading Recall subtest, and their Basic Reading 
grade equivalent was at least first grade (1.0). Table 1 lists pseudonyms, ages, and 

Table 1   Participant demographics and reading scores

Note. This table denotes the standard scores for each of the reading domains or subtests for each par-
ticipant. Scores were calculated using a 95% confidence interval, and their scores in this 95% confidence 
band are denoted in the parentheses. Each participant’s reading grade level was calculated with their 
reading grade equivalent score for their Basic Reading Skills score

Participant Age Reading grade 
level

Broad reading Basic reading skills Reading recall

Nick 11 2 90 (63–77)
Average

91 (87–96)
Average

47 (<40–76)
Very low

Edgar 5 2.1 84 (77–91)
Low average

104 (100–109)
Average

66 (44–89)
Very low

Albert 8 1.3 90 (85–94)
Average

92 (88–97)
Average

66 (44–89)
Very low
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assessment scores for all participants. All participants scored in the Low Average 
to Average range in Broad Reading, which factors in multiple skills (e.g., decoding, 
oral reading fluency, comprehension). However, all participants scored in the Very 
Low range for Story Recall, indicating this skill as a relative deficit.

For Nick and Edgar, sessions were conducted during the school day on every day 
that they were in attendance. Albert transitioned to a new school between recruit-
ment and the start of the study; thus, his sessions took place one day per week on 
scheduled visits to the building after school. Sessions took place in a small class-
room containing a table, two chairs, story books, and preferred items. Nick’s and 
Edgar’s lead classroom teachers conducted their sessions. The first author conducted 
sessions for Albert, and had no prior educational history with him. For brevity, all 
three instructors will be referred to as the “teacher” throughout this paper.

Materials

As in Valentino et al. (2015), we created five stories for the study, rather than using 
commercially available stories, to eliminate the possibility that participants had 
prior exposure to the stories. Each story contained eight pages, with five words 
centered at the top and one illustration centered at the bottom of each page. Vol-
unteer artists created the illustrations to depict the main idea or event described on 
each page. Stories were printed in color on white backgrounds (8.5 in by 11 in) and 
bound in a folder with three-prong fasteners. To ensure that there were narrative ele-
ments to recall, all stories contained at least one character who experienced a series 
of events. We analyzed reading level of all stories using the Lexile Analyzer (Meta-
Metrics, 2017) to verify appropriateness for participants’ reading levels. All stories 
had a Lexile Measure of 100L–200L (roughly corresponding with a Kindergarten or 
first-grade reading level, see MetaMetrics, 2023), and a mean log word frequency 
between 3.0 and 3.5. Text and pictures for all stories are available in the Supplemen-
tary Information.

We created eight comprehension questions for each story, one corresponding to 
each page. The questions were designed with two key features. First, each ques-
tion began with either who, what, where, when, or how (not “why”). Second, we 
designed each question as a literal comprehension question based on the text of each 
page, so that the answer was supplied by the story text with no inferences or outside 
information required (Day & Park, 2005). Literal comprehension questions were 
identified as the most appropriate educational goal in this area for the participants in 
consultation with teachers and the pre-study assessment results (Table 1).

Response Measurement

Story recall was the primary dependent variable, and it was scored on a page-by-
page basis. The definition for story recall was designed to capture whether partici-
pants accurately recalled all important features of a story, while allowing for flex-
ibility in how participants summarized or retold the stories. At the start of the study 
we designated two to four words from the text of each page as key words, which 
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are shown along with the full text of each page in Table 2. We used the following 
rules to select key words: (a) at least one subject noun and verb were key words for 
each page, (b) articles (a, an, the) were never key words, and (c) other words (e.g., 
adjectives, prepositions) were key words on a case-by-case basis, based on relevance 
to the overall meaning of that page. Before the study began, the first and second 
authors independently selected key words for each page, and then discussed any dis-
agreements until they reached consensus regarding a final list of key words.

Correct story recall for each page was defined as the participant vocally stating 
all key words for that page, or acceptable substitutions for those key words (Valen-
tino et al., 2015) during recall tests. Acceptable substitutions included: (a) pronouns 
instead of character names (without considering gender), (b) generic nouns instead 
of character names (e.g., “car” instead of “Toby”), or (c) synonyms for key words. 
Grammatical features like pluralization, subject-verb agreement, and verb tense were 
not considered. With respect to synonyms, data collectors judged words as acceptable 
synonyms based on the overall context of the story’s text, pictures, or both. For exam-
ple, “Frog go the water” was considered an acceptable substitution for “Frog hops 
to the pond” (Table 2, The Hungry Frog). “Kyle sweeps the floor” was an accept-
able substitution for “Kyle helped clean the house,” because the illustration for that 
page shows Kyle sweeping (Supplementary Information, Roger’s New Cage). If par-
ticipants made a statement that paraphrased key words for more than one page, we 
scored correct recall for multiple pages at once. For example, if a participant said 
“Phil the elephant likes eating bananas,” we scored correct recall for pages 1, 2, and 
3 (see Table 2, Phil and Frank). Finally, pages were scored as correct regardless of 
the order in which they were recalled. We scored incorrect story recall for a page if 
the participant either did not make any statement that met the correct recall definition 
or met the correct recall definition but also substituted or added any words that con-
tradicted the key words of the page. For example, if a participant said, “Phil does not 
like to eat bananas,” we scored incorrect recall for page 3 (Table 2, Phil and Frank).

A secondary dependent variable was correct question-answering. At the end of 
all sessions, except in Baseline (see below), teachers asked all eight questions asso-
ciated with a given story (see Table 2). Correct question-answering was defined as 
any response initiated within 10 s of the question that accurately corresponded to the 
story’s text, pictures, or both. Data collectors were provided with examples and non-
examples of correct question-answering for each story (Supplementary Information).

For purposes of evaluating mastery criteria, we derived another variable, total 
correct. Total correct represented the number of pages for which the participant 
engaged in correct recall, correctly answered the corresponding question, or 
both. For example, if a participant correctly recalled pages 1, 2, and 8, and cor-
rectly answered questions for pages 3, 4, and 8, total correct was equal to five 
(i.e., pages 1, 2, 3, 4, and 8). A story was considered mastered if: (a) the partici-
pant correctly recalled at least six of eight pages (75%) and (b) total correct was 
equal to eight (100%). Stories were mastered if these criteria were met for two 
(Edgar) or three (Nick and Albert) consecutive sessions. We chose these criteria 
and calculated total correct based on the notion that recall likely does not need to 
include all story events to be functional, particularly if respondents can answer 
questions about missing details when asked.
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Experimental Design

We used a combination of multiple probe and multiple baseline designs, both con-
current. For Nick and Edgar, we used a multiple probe strategy to stagger the initial 
introduction of a reading-and-reinforcement (RAR) baseline from a no-reading base-
line. With Edgar, we also staggered the introduction of intervention on the RAR base-
line in keeping with a multiple baseline design. This mirrors the approach Valentino 
et al. (2015) used with one participant (Roger); we took this approach for the same 
reason offered by Valentino et al.: to increase experimental control by decreasing the 
likelihood that intervening with one story would cause changes across multiple ongo-
ing baselines in which stories continued to be read. For Albert, we took the approach 
used by Valentino et al. with the other two participants: introducing all stories to the 
RAR baseline simultaneously at the start of the study, and then staggering interven-
tion across stories using a multiple baseline design. We used this approach with Albert 
because he attended the clinic only once a week. On each day that a participant was 
present for the study, we conducted sessions for all stories that had been introduced to 
either the RAR baseline or intervention according to these experimental designs, and 
sessions continued until mastery criteria were met. Delay probes were conducted 3 
weeks and 6 months following mastery with all stories with each participant.

Interobserver Agreement (IOA)

The teacher collected primary data for each session. To calculate interobserver agree-
ment (IOA), a trained observer collected secondary data either in vivo or from video 
recordings for a subset of sessions across all experimental conditions. Secondary data 
collectors included the first and second authors, other teachers at the school, or under-
graduate research assistants. For both of our dependent variables (story recall, ques-
tion-answering) we calculated IOA for each session by dividing the number of pages 
for which both observers agreed (i.e., scored a response as correct or incorrect) by 
the total possible (eight). For recall, mean IOA was 98% for Nick (range, 88–100%, 
collected for 24% of sessions), 94% for Edgar (range, 63–100%, collected for 29% of 
sessions), and 94% for Albert (range, 75–100%, collected for 24% of sessions). For 
question-answering, mean IOA was 98% for Nick (range, 75–100%, collected for 25% 
of sessions), 94% for Edgar (range, 75–100%, collected for 31% of sessions), and 99% 
for Albert (range, 88–100%, collected for 10% of sessions).

Pre‑Experimental Assessments

At the start of the study, we conducted a pre-test to determine whether participants 
could read the words contained in the stories. For this pre-test, we printed each word 
included across all five stories on a flash card (112 words total). The teacher showed 
the child each word once, asked “What is it?”, provided praise for correct responses, 
and provided a neutral response (e.g., “okay”) for incorrect responses. If participants 
scored 80% or greater on this pre-test, they were deemed appropriate for inclusion in 
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the study, because any unknown words would be modeled by the teacher during the 
study’s reading component and prompted during intervention. All participants had his-
tories of learning to read new words with minimal modeling and prompting. We also 
conducted multiple-stimulus-without-replacement preference assessments with four 
foods and four toys (Conine & Vollmer, 2019); the four highest-preferred items were 
used in the study as described below.

General Procedures

At the start of each session, the teacher and participant sat across from or next to one 
another at a table. Sessions contained one or more discrete components, which varied 
across the experimental conditions. Figure 1 outlines the components of each condition 
and their order. Procedural descriptions for each component are provided in the condi-
tion descriptions in which they first appear, below.

Conditions and Session Components

Baseline (No Reading)

As in Valentino et  al. (2015), the baseline condition was conducted for experi-
mental control purposes to assess whether the question and story name alone (i.e., 
“Tell me the story about [name of story]”) would occasion any responses that met 
the definition for correct recall even though participants had not yet heard or read 
the story (e.g., due to exposure to similar stories, information provided by the 
title). In baseline, the teacher did not read the story, show the book to the partici-
pant, or ask any questions about the story (Fig. 1). Sessions in baseline contained 
only a recall test, described below (Fig. 1).

Fig. 1   Flow diagram of session components across experimental conditions. Note. Components in white 
indicate those in which data on participant’s target behaviors were collected and reported
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Recall Test  The teacher began all recall tests with the instruction “Tell me the story 
about [name of story].” The teacher then allowed time for the participant to talk aloud 
until they met one of the termination criteria, which were: (a) the participant correctly 
recalled all eight pages of the story or (b) 30 s elapsed in which the participant did not 
correctly recall any new pages (i.e., pages that had not yet been correctly recalled in 
that same recall test). These termination criteria were used in all recall tests throughout 
the study. The teacher gave brief praise (e.g., “right”) the first time the participant cor-
rectly recalled each page of the story in a given recall test. The teacher did not respond 
to any repeated correct recall for the same page, to any other non-target vocalizations, 
or to incorrect recall. At the end of the recall test in baseline, the teacher provided non-
specific praise regardless of participant responses (e.g., “okay, good work”). Different 
consequences were implemented at the end of the Recall test in other experimental 
conditions (described in those conditions under “Reinforcement Interval”, below).

Reading and Reinforcement (RAR) Baseline

This condition was modeled after the “Reading” condition in Valentino et  al. 
(2015). The RAR baseline served as the first baseline measure of question-
answering, and the first baseline of story recall given actual exposure to the sto-
ries. The RAR baseline contained the following components in order (Fig.  1): 
pre-session choice, reading, 1-min break, recall test (identical to baseline), rein-
forcement interval, and the comprehension test.

Pre‑session Choice  At the start of session, the teacher placed the four highest-pre-
ferred items from the preference assessment on the table and asked a question like 
“What do you want to work for?” The first item the participant selected (vocally or 
by touching) was designated as the reinforcer for the upcoming session. If the par-
ticipant requested any item other than the four items on the table, and the requested 
item was available and appropriate to deliver (at the teacher’s discretion), that 
requested item was designated as the reinforcer. If the designated reinforcer was an 
iPad or computer, the teacher also asked the participant to select a specific video or 
application on the device.

Reading  During the reading component, the teacher held the book open and upright 
with its text and pictures facing toward the participant. The teacher read the story 
out loud from start to finish (beginning with the title), turning each page after they 
finished reading it.

Post‑reading Break (1 min)  After the reading component, the teacher provided 
a statement such as, “Okay, you can take a break” and allowed the participant to 
engage in any activities of their choice for 1 min (e.g., sit alone, engage the teacher 
in conversation), except for leaving the table or engaging with the designated rein-
forcer. The teacher responded to any questions or conversations initiated by the par-
ticipant during this break, except for any questions about the story.
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Recall Test  After the 1-min break, the teacher initiated a recall test, as described in 
Baseline.

Reinforcement Interval  Once one of the termination criteria were met in the recall 
test, the teacher delivered reinforcement according to two rules. If the participant 
had not correctly recalled any pages, the teacher provided non-specific praise. If the 
participant had correctly recalled at least one page of the story during the recall test, 
the teacher provided praise (e.g., “great job!”) and the designated reinforcer. If the 
reinforcer was a food, the teacher provided one small portion (e.g., one skittle). If 
the reinforcer was a toy or video, the teacher provided access for 60 s.

Comprehension Test  The second dependent variable, question-answering, was 
probed in the comprehension tests. Immediately after the reinforcement interval 
(above), the teacher began the comprehension test with a statement like “Now I’m 
going to ask you some questions about the story.” The teacher then asked each ques-
tion for the story, one at a time and in order (i.e., one through eight; Table 2), wait-
ing up to 10 s after each question. Regardless of the participant’s response (correct, 
incorrect, or no response), the teacher made a neutral comment (e.g., “all right”) and 
asked the next question. At the end of the comprehension test, the teacher provided 
non-specific praise (e.g., “nice work,” “thank you for answering those questions!”).

Intervention

Intervention contained all components in the RAR baseline with the addition of 
error correction and modified reinforcement criteria (Fig.  1). The pre-session 
choice, reading, 1-min break, recall test, and comprehension test were all conducted 
exactly as in the RAR baseline. One exception to this rule is that in the first session 
of Intervention with each story, there was no recall test (as in Valentino et al., 2015), 
because any effects of Intervention would not be detectable on a recall test until the 
participant had already encountered the modified reinforcement criteria and poten-
tial error correction during the first Intervention session.

Each Intervention session included a differential reinforcement criterion based on 
recalling a specific set of targeted pages (Valentino et al., 2015). Backward chaining 
with leaps ahead was used to set the targeted pages criterion. That is, the targeted 
pages for each session were selected from the end of the story with the initial cri-
terion for each story requiring correct recall of at least page 8. However, if the par-
ticipant had correctly recalled page 8 for the last two sessions of the RAR baseline, 
the initial criterion would require both pages 7 and 8 (and so on, if additional pages 
were mastered during the RAR baseline).

Throughout Intervention, one page, moving from the end to the beginning, was 
added to the targeted pages criterion after the participant met the reinforcement cri-
terion during the Recall test for two consecutive sessions (e.g., page 8, then pages 7 
and 8, then pages 6–8, and so on). Because it was possible for participants to cor-
rectly recall pages before they were required by the criterion, we used leaps ahead 
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(Spooner et al., 1986) when advancing the criterion. For example, if the participant 
correctly recalled pages 5, 6, 7, and 8 for two consecutive sessions when the crite-
rion required only pages 7 and 8, the next reinforcement criterion would leap ahead 
to require pages 4 through 8. We continued advancing the reinforcement criterion in 
this manner until the participant met mastery criteria for the whole story. The rein-
forcement criterion was never regressed or decreased.

Reinforcement Interval  If the participant met the reinforcement criterion during the 
recall test, the teacher immediately provided praise and a larger magnitude of the 
designated reinforcer. A larger magnitude was defined as four portions of a food 
or 4-min access to a toy. If the participant had not met the reinforcement criterion, 
the teacher did not deliver a reinforcer, and instead implemented a re-present-until-
correct error correction procedure described below (Cariveau et al., 2019; labeled as 
a prompted trial and transfer trial in Valentino et al., 2015).

Error Correction  At the start of all Intervention sessions, the teacher inserted one or 
more blank pages (i.e., plain white sheets of 8.5 × 11 in paper) into the story folder 
before each targeted page. The teacher skipped past these pages during the Reading 
component. These blank pages were used only during error correction as described 
below.

To begin error correction, the teacher repeated the recall instruction (“Tell me the 
story about [name of story]”) and opened the book to its first page, with text facing 
the participant. The presentation of the text was intended to prompt correct recall 
(i.e., reading the words on the page). If the participant did not respond or stopped 
responding in the presence of the text for 5 s at any point prior to engaging in cor-
rect recall for that page, the teacher provided supplemental prompts by pointing to 
the next word on the page and reading it out loud; the point remained and the vocal 
prompt was repeated every 5 s if needed until the participant said the word. Once the 
participant engaged in correct recall in the presence of the text for a given page (i.e., 
prompted recall), the teacher provided brief praise (e.g., “Good!”) and turned to the 
next page in the story, skipping past all of the previously inserted blank pages. The 
teacher continued this process until the participant had engaged in correct recall in 
the presence of the text (i.e., prompted) for all pages of the story.

Once the participant correctly recalled the story in the presence of all of the 
pages, the teacher began a second error correction trial by re-presenting the recall 
instruction once again (“Tell me the story about [name of story]”). For all of the 
non-targeted pages, a correct response was prompted exactly as described above 
(i.e., participants were immediately shown the text, given point and verbal prompts 
if needed). However, whenever the teacher turned to a targeted page during this sec-
ond error correction trial, they: (1) showed only the blank page covering the targeted 
page, rather than the text, (2) said nothing, and (3) waited for up to 5 s for a response 
from the participant. If the participant engaged in correct recall for that page within 
5 s of the teacher turning to the blank page, the teacher provided praise and turned 
to the next page of the story (if applicable, also covered by a blank page). If the par-
ticipant did not respond correctly within 5 s of the teacher turning to a blank page, 
the teacher lifted the blank page to reveal the text, and prompted a response as done 
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on the first error correction trial. Then the teacher turned back to the blank page 
and waited another 5 s for an independent response. This process continued until 
either: (a) the participant engaged in correct recall for the targeted page in the pres-
ence of the blank page or (b) the blank page was re-presented five total times (this 
latter criterion was never met). Error correction continued in this manner until the 
participant correctly recalled the final page of the story (i.e., page 8) in the presence 
of a blank page. When this occurred, the teacher provided praise and the reinforcer, 
using the smaller magnitudes from the RAR baseline (i.e., 1 piece or 60-s access). 
This magnitude was used to arrange for differential reinforcement of unprompted 
recall at criterion on the recall test relative to correct responses during error correc-
tion (Vladescu & Kodak, 2010).

Intervention plus Question Interspersal (Albert only)

Near the end of the study, a modification was introduced to Intervention for two 
of Albert’s stories when his correct responses remained below mastery criteria for 
an extended period of time. Sessions were identical to Intervention as previously 
described except that during the Reading component, the teacher asked the compre-
hension question corresponding to each page immediately after they finished read-
ing the page. For example, after reading “Phil is a big elephant” the teacher asked 
“What kind of animal is Phil?” before moving on to the next page. After each of 
these questions, the teacher waited 10 s for Albert to respond, and provided praise 
for correct question-answering. For incorrect or non-responses to these questions, 
the teacher repeated the question and modeled a correct answer (e.g., “What kind 
of animal is Phil? Phil is an elephant.”). If Albert responded correctly after this 
prompt, the teacher delivered praise and turned to the next page. If Albert did not 
respond correctly within 10 s of the model, the teacher continued to model the cor-
rect response every 10 s until Albert correctly answered the question, at which point 
the teacher resumed reading the story.

Delay Probes

We scheduled delay probes at pre-determined times throughout the study in order 
to evaluate whether increased delays between reading and the recall test would 
affect correct responding. These delay probes were scheduled to occur: (a) shortly 
after reading first began for each story and (b) after the mastery criterion was met 
with each story (some exceptions to this schedule occurred, see Figs. 2, 3 and 4). As 
shown in Fig. 1, delay probe procedures were identical to the RAR baseline, except 
that the teacher did not read the story at the start of delay probe sessions. Instead, 
delay probes occurred either 1 day (Nick and Edgar) or 1 week (Albert) after the most 
recent session, meaning that last time the story had been read to participants was in 
that previous session (i.e., 1 day ago for Nick and Edgar, 1 week ago for Albert). We 
also conducted delay probes using longer delays at the end of the study for all partici-
pants (i.e., a 6-week delay for Albert, and a 3-month delay for Nick and Edgar).
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Follow‑up RAR Sessions

For Nick, we conducted an additional series of RAR baseline sessions for all stories 
6 weeks after the last story was mastered.

Correlational Analysis

To address one of our secondary research questions regarding relationships between recall 
and question-answering, we calculated Pearson correlation coefficients between each par-
ticipant’s story recall and question-answering to supplement visual analysis regarding the 
extent to which improvements in recall were correlated with improvements in responses 
to comprehension questions. Because these data and the related research question are only 
correlational, we calculated correlations for each participant and each story using all ses-
sions from across RAR and Intervention conditions, regardless of the condition that was 
in effect (excluding Baseline, in which no comprehension questions were asked).

Results

Scores on the word reading pre-assessment were 96% (107/112) for Nick, 96% 
(107/112) for Edgar, and 82% (92/112) for Albert. Figure  2 shows results for 
Nick, who mastered story recall for all stories in the RAR baseline. Nick did 
not correctly recall any pages for any stories in the initial no-reading baseline. 
RAR baseline was introduced first with Roger’s New Cage. For the first three 
sessions, Nick engaged in zero correct recall but correctly answered multiple 
questions with an increasing trend, and began to engage in correct recall by the 
fourth RAR session. Nick then met mastery criteria for Roger’s New Cage after 
11 total sessions of RAR baseline. Nick mastered all other stories during RAR 
baseline, albeit after differing numbers of sessions and with slightly different pat-
terns in recall and question-answering. Polly Panda, The Hungry Frog, Toby the 
Car, and Phil and Frank were mastered after 19, 26, 11, and 10 sessions of RAR 
baseline, respectively. For The Hungry Frog, Toby the Car, and Phil and Frank, 
Nick’s responses followed a similar pattern as with Roger’s New Cage (i.e., ini-
tial sessions with little to no recall, but correct question-answering). This pattern 
was slightly different with Polly Panda, for which Nick engaged in some correct 
recall from the beginning of the RAR baseline. In delay probes throughout the 
RAR baseline, Nick’s correct recall and question-answering were generally equal 
to or within two pages of the number of correct responses in the most recent RAR 
baseline (Fig.  2). One exception is Session 98 (Phil and Frank), in which Nick 
only said “no” when asked to recall the story. The teacher initiated a second delay 
probe later in the same day (Session 100); Nick responded at mastery levels in 

Fig. 4   Albert’s correct recall, question-answering, and total correct for Albert during baseline (BL), 
reading and reinforcement baseline, and intervention. Asterisks indicate the introduction of the question 
interspersal modification to intervention

▸
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this probe. Nick also responded at mastery levels for all stories during 6-week 
follow-up RAR sessions and 3-month delay probes.

Figure 3 shows results for Edgar. Solid phase lines in Fig. 3 (and Fig. 4, described 
later) indicate condition changes, whereas dotted phase lines indicate when Interven-
tion was introduced for a different story while a story was in the RAR baseline. These 
dotted phase lines are intended to enhance visual analysis of potential changes in recall 
across the multiple baselines. During the no-reading Baseline, Edgar engaged in zero 
correct recall for all stories except The Hungry Frog. In the last three baseline probes, 
Edgar said “frog eats flies,” which met the correct recall definition for page 6. Edgar 
had never read The Hungry Frog, so it is likely that these responses can be attributed to 
the title and prior learning history (i.e., learning that frogs eat flies). The RAR condi-
tion was introduced first with Toby the Car; Edgar engaged in some correct recall and 
question-answering, but correct recall eventually decreased to zero. During Interven-
tion, recall immediately increased, and Edgar met mastery criteria after four sessions. 
Edgar mastered Phil and Frank after five RAR sessions; mastery-level responding for 
this story only occurred after Edgar first experienced the Intervention condition (with 
Toby the Car, session 19). Edgar engaged in some correct recall and question-answer-
ing from the start of the RAR condition with the story Polly Panda; these responses 
stabilized below mastery criteria with a downward trend. During Intervention with 
Polly Panda, Edgar’s responses did not increase immediately, but met mastery criteria 
after five sessions. Edgar mastered Roger’s New Cage after six total RAR sessions; 
however, as with Phil and Frank, Edgar’s responses were just below mastery levels 
until intervention was introduced with Polly Panda (session 50). Edgar’s responses for 
The Hungry Frog followed a similar pattern as for Polly Panda: approaching mastery 
criteria during RAR but eventually trending downward below mastery levels. Edgar 
then mastered The Hungry Frog after three Intervention sessions.

As with Nick, Edgar’s responses on delay probes throughout the study were usu-
ally within two pages of responses in the prior RAR or Intervention session. How-
ever, Edgar responded below mastery levels for all stories in the 3-month delay 
probes. Of note, a follow-up session that included reading was not conducted at the 
end of the study for Edgar, as was done with Nick. Thus, the final delay probes were 
conducted 3 months from the last reading of The Hungry Frog, but at greater and 
unequal delays from the last reading of the other four stories.

Albert (Fig. 4) recalled zero pages during initial no-reading baseline probes across 
all stories. When the RAR condition was introduced simultaneously across all stories, 
recall was low and stable across all for three sessions. Thus, Intervention was intro-
duced first with Phil and Frank; Albert’s question-answering increased immediately, 
but correct recall did not increase until the third Intervention session. Across the other 
four stories, correct recall during RAR increased by two to three pages within one or 
two sessions of Intervention beginning with Phil and Frank. During the remainder of 
Intervention with Phil and Frank, correct responses increased but eventually stabilized 
just below mastery levels. Thus, we introduced the question-interspersal modification 
in Session 92, and Albert met mastery criteria after four additional sessions. Across 
the remaining stories, Toby the Car and Polly Panda were mastered in the RAR con-
dition while Intervention was ongoing with Phil and Frank. Recall for Roger’s New 
Cage and the Hungry Frog stabilized just below mastery levels in RAR when Phil 
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and Frank were in Session 101. Thus, Intervention was introduced with Roger’s New 
Cage; we saw no reliable improvements in recall, and question-answering remained at 
the ceiling (i.e., eight questions correct). We introduced question interspersal in Ses-
sion 115 and Albert met mastery criteria after six additional sessions. Responses for 
The Hungry Frog remained stable throughout the first five sessions of Intervention 
with Roger’s New Cage, and thus Intervention was introduced to The Hungry Frog in 
Session 118. Albert mastered The Hungry Frog after six Intervention sessions.

In Albert’s 1-week delay probes conducted throughout the study, recall and ques-
tion-answering were within one page of correct responses in the prior week’s session. 
In 6-week delay probes at the end of the study, Albert responded at mastery levels for 
Phil and Frank Roger’s New Cage, and near mastery levels for the other stories.

Correlations between Recall and Question‑Answering (All Participants)

Before calculating correlation coefficients, we analyzed the distribution of our 
overall recall and question-answering data, which showed negative skew (-0.69 for 
recall, -0.92 for question-answering) and positive kurtosis (2.57 for recall, 3.55 for 
question-answering). The following correlation coefficients should be interpreted 
with this data distribution in mind. Table 3 and Fig. 5 show correlation coefficients 
between correct recall and correct question-answering across participants and across 
stories. Positive correlations between recall and question-answering were identi-
fied for all stories and all participants, many of which were statistically significant 
and greater than 0.5 (a large correlation; Cohen, 1988; Hemphill, 2003; Lovakov & 
Agadullina, 2021). The overall correlation coefficient between these variables for 
each participant was also strong and statistically significant (see Fig. 5 and Table 3 
for all r coefficients and associated p values).

Discussion

The purpose of the present study was to replicate and extend the Valentino et  al. 
(2015) study of a story recall intervention for children with ASD with three main 
questions. First, we implemented two procedural changes recommended by 

Table 3   Correlation coefficients (r) between correct story recall and correct question-answering across 
participants and stories

Note. p values are shown in parentheses after each correlation coefficient

Participant The Hungry 
Frog

Phil and Frank Polly Panda Roger’s New 
Cage

Toby the Car All Stories

Nick 0.71
(p < .001)*

0.34
(p = .33)

0.69
(p = .001)*

0.88
(p < .001)*

0.94
(p < .001)*

0.69
(p < .001)*

Edgar 0.42
(p = .19)

0.49
(p = .40)

0.60
(p = .03)

0.40
(p = .43)

0.78
(p < .001)*

0.6
(p < .001)*

Albert 0.63
(p < .001)*

0.61
(p < .001)*

0.09
(p = .77)

0.78
(p < .001)*

0.64
(p = .09)

0.5
(p < .001)*
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Valentino et al.: (a) using differential reinforcement of unprompted responses dur-
ing Intervention and (b) using time-based termination criteria in all recall tests. 
Second, we replicated the use of a reading-and-reinforcement condition, to explore 
whether patterns that suggested generative learning in Valentino et al. could be rep-
licated with additional participants. Finally, we explored two additional variables: 
(a) whether correct recall varied at scheduled delays from reading and (b) to what 
extent improvements in story recall were associated with improvements in answer-
ing related, simple comprehension questions. We conducted a combined multiple 
probe and multiple baseline design across stories with three children with ASD, all 
of whom showed educationally significant deficits in story recall on standardized 
reading assessments. Two participants mastered story recall after exposure to Inter-
vention (Edgar and Albert), with one unplanned intervention modification for one 
of these participants (Albert). The third participant (Nick) met mastery criteria in 
the RAR condition before Intervention was introduced with any story. Each of these 
findings has important implications for clinical and educational practice, as well as 
future research.

With respect to our first main research question, Edgar’s and Albert’s data indi-
cate that the Intervention condition produced reliable improvements in story recall, 
especially with the first story for which Intervention was introduced (Figs.  3 and 
4). Moreover, no additional modifications to Intervention were required for Edgar, 
and only one (question-interspersal) was required for Albert. Valentino et al. (2015) 
recommended that future studies modify their intervention to include differential 
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Fig. 5   Correlations between question-answering and recall for each participant (across all stories). Note. 
The shaded gray areas indicate the 95% confidence interval
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reinforcement and time-based termination criteria, specifically as a means of avoid-
ing the number and complexity of idiosyncratic modifications that were required in 
that study. Those authors noted that a lack of time-based termination criteria may 
have artificially suppressed responding in all experimental conditions by arranging 
a contingency between repetitive statements and termination of the recall test; they 
also suggested that the nondifferential reinforcement they provided for independent 
recall versus recall after error correction may have similarly suppressed respond-
ing during intervention. The authors attributed the need for idiosyncratic interven-
tion changes in that study to these specific response patterns. In the current study, 
we saw no such patterns of repetitive responding; therefore, the smaller number of 
idiosyncratic modifications required in the present study might have resulted from 
making these two recommended procedural changes.

However, there are several other important differences between the current study 
and Valentino et al. (2015) that make a direct comparison of the intervention’s effi-
cacy challenging. For example, we ensured that the stories we used were appropri-
ately matched to the participant’s reading levels, which was not done in Valentino 
et  al.; we also used less stringent mastery criteria. Together, these changes may 
have made the target behavior “easier” to master. It is also possible that the partici-
pants in the current study presented with stronger reading skills at the start of the 
study (Table 1); there were no standardized reading assessments in Valentino et al. 
that could be used to compare participant skill sets across these two studies. Future 
research conducting component analyses, future studies that include standardized 
reading assessments, or a combination thereof, remains important to clarify the rela-
tive contributions of differential reinforcement and time-based termination criteria 
to the overall effects of this Intervention package.

Second, we replicated an effect noted by Valentino et al. (2015) with Edgar and 
Albert wherein changes in recall occurred across stories in the multiple baseline 
design after Intervention was introduced with other stories. This pattern suggests 
that improvements in a generalized repertoire of story recall may have emerged 
throughout the course of the study. In our study, this effect was most pronounced 
after Intervention was introduced with the first story for each participant (Toby 
the Car for Edward, Fig. 3; Phil and Frank for Albert, Fig. 4), but this effect was 
also replicated to a lesser extent for both participants on subsequent iterations of 
Intervention. However, it is important to note that in our study, as in the Valen-
tino et al. study, the experimental control for this finding is substantially limited, 
because multiple baseline or multiple probe designs do not allow for a reliable 
empirical demonstration of such an effect. Improvements across tiers of a mul-
tiple baseline design constitute threats to experimental control at the same time 
as they are suggestive of generative responding (see Valentino et  al., 2015 for 
further discussion). This challenge of capturing generalized repertoires in single-
case designs has precedent in other studies of complex verbal behaviors such as 
recall that may be generalized in nature (e.g., Axe & Sainato, 2010; Frampton & 
Shillingsburg, 2020; Kohler & Malott, 2014; Shillingsburg et  al., 2018). How-
ever, such outcomes are of great clinical and educational importance. If initial 
exposure to this intervention with a few stories leads to mastery-level recall under 
conditions of reading-and-reinforcement alone with other stories, a generalized 
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repertoire of story recall may have emerged and intensive intervention is no 
longer necessary.

Thus, it is important for future story recall studies to be conducted using alterna-
tive experimental designs such that this potential generative learning can be better 
captured while reducing threats to internal validity. For example, a large set of sto-
ries could be reserved for generalization tests while Intervention is provided for a 
smaller set of target stories, one at a time. If evaluated in a multiple baseline across 
participants design, elevated responding in the reserved generalization stories would 
not pose a threat to the demonstration of a functional relation.

Nick’s results also present challenges for interpretation and application. Because 
mastery-level recall in the initial RAR condition was unanticipated, there was no base-
line in which Nick actually read stories. Thus, there was no experimental control with 
respect to the effects of the RAR baseline on Nick’s behavior, and a host of poten-
tial confounding variables such as practice effects and extraneous variables cannot be 
ruled out. Nevertheless, Nick’s data are noteworthy and worth reporting because they 
suggest questions to be explored in future research. Namely, Nick’s results suggest that 
at least some children with ASD who present with substantial deficits in story recall 
(Table 1) can show marked improvement with much simpler intervention packages. 
The RAR condition comprises components that are commonly used in shared book 
reading contexts with typically developing children, such as repeated reading (e.g., 
Shimono, 2018), praise and reinforcement for correct recall (e.g., Dolezal et al., 2007), 
and asking comprehension questions about stories after reading them (e.g., Fleury 
et al., 2014; Hindman et al., 2008; Lever & Senechal, 2011). The RAR condition may 
be of considerable social acceptability for use in classrooms.

Future research is warranted to explore the potential benefits of this RAR con-
dition using different experimental baselines and component analyses. Moreover, as 
mentioned above, it will be important to continue to conduct standardized reading 
assessments in such future research to enhance the external validity of findings; more 
research is needed to identify the participant characteristics and skill sets that are 
associated with the various outcomes observed across participants in these studies 
to date. We collected standardized assessment data for our participants (Table 1), but 
these data alone do not seem sufficient to account for the major differences between 
Nick’s results and those of Albert and Edgar. Additional types of reading pre-assess-
ments should be explored in future studies. A related limitation of this study is that 
although we conducted assessments (Schrank et  al., 2014) with each participant at 
the start of the study, we did not conduct parallel assessments at the end of the study. 
Doing so may be a useful supplemental measure to add in future research.

Our third purpose was to collect data regarding two secondary variables sug-
gested by Valentino et al. (2015). Specifically, we examined whether various delays 
between reading and recall tests would affect correct recall and whether improve-
ments in recall were correlated with improvements in answering comprehension 
questions. In terms of delay, recall did not vary substantially for our participants 
across delays of 1 min, 24 h, or 1 week (Figs. 2, 3 and 4). However, longer delays 
(e.g., 3 months) were associated with decreases in recall. The social importance 
of responding with correct recall at extreme delays such as 3 months is unclear. 
For example, previous studies have found that children with ASD do not show 
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significant differences from typically developing children when delays are added to 
memory tests, and rather that lower performance on memory tests in this population 
more often results from language, cognitive, or skill deficits rather than some core 
difference in responding at increased delays (e.g., Southwick et al., 2011). Thus, the 
decrements in recall that we observed at 3-month delays from the time of reading 
may be neither abnormal nor problematic.

The relationship between story recall and question-answering, and the notion that 
story recall may be a pre-requisite or aid for answering questions about stories, was 
a core rationale in the Valentino et al. (2015) study. We asked direct, literal compre-
hension questions after every session, and calculated Pearson correlation coefficients 
between recall and question-answering to supplement visual analysis. We identified 
strong, positive, and statistically significant correlations between these two variables 
for all three participants (Table 3, Fig. 5). However, because these data are corre-
lational, the exact nature of this relationship remains unclear and requires further 
study. For example, visual analysis of Figs. 2, 3 and 4 suggests that although ques-
tion-answering and recall often increased together, there were also many instances 
in which participants answered questions correctly despite engaging in no correct 
recall (e.g., all stories for Nick, initial RAR Baselines for some of Albert’s stories). 
Those latter instances seem to contradict the notion that recall is a pre-requisite for 
answering questions about stories.

However, this does not preclude the possibility that subsequent exposure to 
Intervention was partially responsible for subsequent improvements in question-
answering, or the possibility that participants engaged in covert recall during 
those early sessions. In keeping with Palmer’s (1991) account, it seems reason-
able that one could use recall as a problem-solving strategy to overtly or cov-
ertly generate verbal stimuli to answer questions in the absence of the text. Of 
course, such an account based on private events remains speculative and in need 
of further study. Future studies could attempt to collect data on overt by-products 
of covert problem-solving behaviors during recall tests, comprehension tests, or 
both (e.g., Kisamore et  al., 2011; Sautter et  al., 2011). Moreover, the correla-
tions we found between these two variables could indicate a potential therapeutic 
effect in the opposite direction; some research suggests that intervening directly 
on listening comprehension can produce increases in narrative retell (Solari et al., 
2020). Future research could attempt to test for this effect by probing story recall 
both before and after an intervention for question-answering. Overall, the exact 
nature of the relationship among these two behaviors remains an important topic 
for future research, with practical implications for curricular sequencing in read-
ing interventions for children with and without ASD.

Several limitations of this study should be noted. As previously mentioned, 
mastery of story recall during the RAR condition (before intervention with Nick, 
after some initial intervention with Edgar and Albert) poses threats to experimen-
tal control. Future research should explore alternative experimental arrangements 
to answer these questions. Another important limitation is that we did not collect 
procedural integrity data. Procedural integrity data can be of special importance 
when interventions are implemented by teachers (McIntyre et al., 2007), as was the 
case in this study. Moreover, teachers’ procedural integrity with different types of 
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interventions may be differentially affected by the many distractions of a classroom 
environment (Berdeaux et al., 2022), and various levels of procedural integrity may 
be required for certain interventions to be successful (e.g., Joslyn & Vollmer, 2020). 
The role of teacher procedural integrity in the success of this specific type of story 
recall intervention is not possible to evaluate in the current study because we did not 
collect these data, and remains important to explore in future research. Other limita-
tions include the mastery criteria and response definition, which were not based on 
established norms. We set lower mastery criteria than Valentino et al. (2015), with 
the intention of mirroring the amount of recall necessary to be functional in an edu-
cational or social environment; it is likely socially acceptable to omit some details 
from recall, especially if one can answer questions about those details when asked 
(see Response Measurement). However, it is possible that our mastery criteria still 
required more detailed recall than is typical. We required participants to recall 75% 
of story content, but typically developing school-aged children often recall between 
10–50% of story content (Reed & Vaughn, 2012). More research is needed to vali-
date recall mastery criteria for children with and without ASD of various ages.

Finally, the current study and the Valentino et  al. (2015) study together have 
implications for future research and practice in verbal behavior. Valentino et  al. 
conceptualized story recall as a chain of complex intraverbal responses established 
primarily via textual and echoic prompting. This analysis may be suited for cases 
in which participants respond with every page of a story in consecutive order, but 
seems insufficient for instances in which participants recalled stories in the RAR 
baseline without intervention or recalled story pages out of order. (Though not pre-
sented here, a closer analysis of our data indicates that participants often did recall 
stories in different orders.)

When recall does not occur sequentially, it seems reasonable that it may occur 
under joint control of a number of different variables, of which intraverbal control is 
only one (Lowenkron, 2004; Palmer, 2016). One possibility is that recall responses 
may have initially occurred under control of the various stimuli that were present 
when teachers read to the participants: the auditory stimuli produced by the teacher’s 
reading, the textual stimuli on the page, the visual stimuli (pictures) on the page, or 
some combination of these (Valentino et al., 2015). During the reading component, 
participants may have also behaved as speakers by overtly or covertly engaging in 
tact or textual response or reading along with the teacher (Miguel, 2016; Schlinger 
Jr, 1995). Anecdotally, participants sometimes read out loud with the teacher dur-
ing the reading component. Transcripts of our sessions also show that participants 
sometimes recalled story elements that were represented only by story pictures and 
not by the text. For example, in the session 22 recall test for Roger’s New Cage, 
Albert said, “Roger sweep them off.” Although the text does not reference sweeping, 
Roger is shown sweeping the floor in the pictures (see Supplemental Information). 
We did not conduct a detailed analysis at this level, and so the degrees to which tex-
tual, auditory, or visual stimuli contributed to recall cannot be fully described, but 
could be explored in future studies.

We designed the stories and reading component of sessions to include auditory, 
visual, and textual stimuli all at once, because this also occurs when stories are 
typically read in preschool or elementary contexts; parents and teachers often read 
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picture books to their children while showing them the text and pictures. Future 
research could conduct component analyses to determine how these various stim-
uli interact to contribute to the development of reading and recall repertoires, and 
what such data mean for verbal behavior accounts of recall more broadly speak-
ing. Similar statements can be made, and future analyses conducted, regarding 
the degree to which participants made paraphrases or omissions during recall as 
permitted by our response definition. Anecdotally, Nick provided nearly verbatim 
recall throughout the entire study, whereas Albert’s and Edgar’s recall initially 
contained more substitutions, omissions, and additions but became more verbatim 
throughout the study. While a full analysis of response variation is beyond the 
scope of this study, these observations suggest another area of inquiry for future 
research regarding recall behaviors.

The main implications of these findings for educational and clinical practice 
are that the overall intervention approach studied here (RAR baselines, followed 
by the Intervention condition if necessary, with ongoing RAR baselines to test for 
generalization) can produce mastery-level story recall and mastery-level answers 
to comprehension questions for some children with ASD. However, future 
research using alternative experimental designs is needed to evaluate the extent 
to which this intervention approach, broadly implemented, can produce gener-
alized changes in reading and recall outcomes. Additionally, the fact that these 
interventions were conducted in a classroom setting by teachers suggests a gen-
eral feasibility of implementation. The present findings also highlight the need 
for additional research in this area containing robust, standardized pre-assess-
ments to more precisely characterize the external validity of these findings and 
help identify for whom optimal outcomes under various teaching arrangements 
are most likely.
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