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Since the introduction of writing systems, reading comprehension has always been a foundation for achievement in several areas within the educational system, as well as a prerequisite for successful participation in most areas of adult life. The increased availability of technologies and web-based resources can be a really valid support, both in the educational and clinical field, to devise training activities that can also be carried out remotely. There are studies in current literature that has examined the efficacy of internet-based programs for reading comprehension for children with reading comprehension difficulties but almost none considered distance rehabilitation programs. The present paper reports data concerning a distance program Cloze, developed in Italy, for improving language and reading comprehension. Twenty-eight children from 3rd to 6th grade with comprehension difficulties were involved. These children completed the distance program for 15–20 min for at least three times a week for about 4 months. The program was presented separately to each child, with a degree of difficulty adapted to his/her characteristics. Text reading comprehension (assessed distinguishing between narrative and informative texts) increased after intervention. These findings have clinical and educational implications as they suggest that it is possible to promote reading comprehension with a distance individualized program, avoiding the need for the child displacements, necessary for reaching a rehabilitation center.
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INTRODUCTION

Reading comprehension is a fundamental cognitive ability for children, that supports school achievement and successively participation in most areas of adult life (Hulme and Snowling, 2011). Therefore, children with learning disabilities (LD) and special educational needs who show difficulties in text comprehension, sometimes also in association with other problems, may have an increased risk of life and school failure (Woolley, 2011). Reading comprehension is, indeed, a complex cognitive ability which involves not only linguistic (e.g., vocabulary, grammatical knowledge), but also cognitive (such as working memory, De Beni and Palladino, 2000), and metacognitive skills (both for the aspects of knowledge and control, Channa et al., 2015), and, more specifically, higher order comprehension skills such as the generation of inferences (Oakhill et al., 2003).

Recently, due to the diffusion of technology in many fields of daily life, text comprehension at school, at home during homework, and at work is based on an increasing number of digital reading devices (computers and laptops, e-books, and tablet devices) that can become a fundamental support to improve traditional reading comprehension and learning skills (e.g., inference generation).

Some authors contrasted in children with typical development the effects of the technological interface on reading comprehension vs printed texts (Kerr and Symons, 2006; Rideout et al., 2010; Mangen et al., 2013; Singer and Alexander, 2017; Delgado et al., 2018). Results were consistent and showed a worse comprehension performance in screen texts compared to printed texts for children (Mangen et al., 2013; Delgado et al., 2018) and adolescents who nonetheless showed a preference for digital texts compared to printed texts (Singer and Alexander, 2017). Regarding children with learning problems, only few studies considered the differences between printed texts and digital devices (Chen, 2009; Gonzalez, 2014; Krieger, 2017) finding no significant differences, suggesting that the use of compensative digital tools for children with a learning difficulty could be a valid alternative with respect to the traditional written texts in facilitating their academic and work performance. This conclusion is also supported by the results of a meta-analysis (Moran et al., 2008), regarding the use of digital tools and learning environments for enhancing literacy acquisition in middle school students, which demonstrates that technology can improve reading comprehension.

Different procedures and abilities are targeted in the international literature concerning computerized training programs for reading comprehension. In particular, various studies include activities promoting cognitive (e.g., vocabulary, inference making) and metacognitive (e.g., the use of strategies, comprehension monitoring, and identification of relevant parts in a text) components of reading comprehension. Table 1 reports the list of papers proposing computerized training programs with a summary of the findings encountered. Participants involved cover different ages and school grades, the majority belonging to middle school and high school. The general outcome of the studies is positive due to a significant improvement in comprehension skills after the training program with long-lasting effects also during follow-up; indeed, the majority of participants involved in training programs outperformed their peers assigned to comparison groups and maintained their improvements. Specifically, several studies (O’Reilly et al., 2004; Magliano et al., 2005; McNamara et al., 2006) used the iSTART program with adolescents and young adults. This program promotes self-explanation, prior knowledge and reading strategies to enhance understanding of descriptive scientific texts. Results demonstrated that students who followed the iSTART program received more benefits than their peers, improving self-explanation and summarization. Additionally, strategic knowledge was a relevant factor for the outcome in comprehension tasks including multiple choice questions: students who already possessed good strategic knowledge improved their accuracy when answering to bridging inference questions, whereas students with low strategic knowledge became more accurate with text-based questions. Another program, ITSS, was used with younger students (Meyer et al., 2011; Wijekumar et al., 2012, 2013, 2017), with the objective to support activities based on identifying main parts and key words in a text and classifying information in a hierarchical order. Positive outcomes were found also with such program since students who followed the ITSS program significantly improved text comprehension compared to their peers in the control group.


TABLE 1. Synthesis of the main results of the computerized training programs on comprehension present in the literature.

[image: Table 1]Although most of the literature deals with typical development, also cases of students with learning difficulties were considered. For example, Potocki et al. (2013) (see also Potocki et al., 2015) examined the effects of two different computerized programs with specific aims: one focusing on comprehension features, such as inference making and the analysis of text structure, the other considering decoding skills. Both training programs brought some benefits to reading comprehension, however larger effects were found with the program focused on comprehension with long-lasting effects in listening and reading comprehension (see also Kleinsz et al., 2017). Studies by Johnson-Glenberg (2005) and Kim et al. (2006), using respectively the programs 3D Readers and CACSR, were able to promote reading comprehension abilities in middle school students through metacognitive activities. Thanks to these programs students also became more aware of reading strategies and implemented them more successfully during text comprehension. In particular, a study by Niedo et al. (2014), obtained positive results on silent reading in a small group of children struggling with reading using the “cloze” procedure. This procedure proposes exercises in which parts of a text, typically words, are missing and participants are required to complete the text guessing what is missing.

Thus, computerized programs generally seem to improve reading comprehension skills. However, it should be noticed that, in most cases, students were trained at school, without the personalized support of a clinician taking into consideration the cognitive and psychological needs of the child. In particular, to our knowledge, no program examined the effects of an internet-based distance reading comprehension program which allows the child to be trained at home in a personalized way. A useful aspect of an internet-based distance training is that the psychologist can monitor with the application (app) the child’s results and activities and write him/her some motivational messages, reducing the attritions present in programs carried out at home with the only supervision of parents. Literature concerning distance trainings is still rare, however, some evidence suggests that these programs may represent a good integration to other types of intervention, usually carried out at school, in a rehabilitation center or at home (e.g., Mich et al., 2013).

Therefore, despite still preliminary, we think that it is relevant to present data about a distance program developed in Italy named Cloze (Cornoldi and Bertolo, 2013), devised for rehabilitation purposes but with potential implication also for educational contexts. Cloze has been developed to promote inferential abilities both at a sentence- and discourse-level using the “cloze” procedure. Several findings in the literature demonstrate that abilities, such as anticipating text parts and inference making, bring improvements in text comprehension (e.g., Yuill and Oakhill, 1988) and it has been shown that one way to promote inferential competences is to improve the ability to predict parts of the text that are missing or that follow, considering the available information: the “cloze” technique appears to be one of the most successful ways for this purpose (e.g., Greene, 2001).

In the current study the effectiveness of this training program has been tested on a clinical population who exhibited, for various reasons, difficulties in reading comprehension. Participants were 28 children (16 male and 12 female) attending a private practice for learning difficulties in the city of La Spezia, in the north-west of Italy, from 3rd to 6th school grade (5 of 3rd, 9 of 4th, 11 of 5th and 3 of 6th grade), with a mean age of children of M = 9.79 years (SD = 1.03). Seventeen children had a current or past speech disorder: of these children 10 also had a LD (Learning Disabilities) and one was bilingual (speech problems were not due to bilingualism). The other 11 children had a LD or important learning difficulties, and one of them had also ADHD (Attention Deficit/Hyperactivity Disorder). For the goals of the study, all these children were considered together as they all presented a severe reading comprehension difficulty as reported by parents and teachers and confirmed by the initial assessment.

All children had received a comprehensive psychological assessment (see Table 2), adapted to their particular needs and ages. In particular all children had an IQ >80 assessed with the Wechsler Intelligence Scale for Children-IV (WISC-IV; Wechsler, 2003) and did not have anxiety disorders, mood affective disorders or other developmental disorders, with the exception of the cases with language disorder and the case with ADHD. Children were not receiving any additional treatment, including medication. Written consent was obtained from the children’s parents in the context of the private practice.


TABLE 2. Main characteristics of the sample in terms of reading and cognitive abilities.
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MATERIALS AND METHODS


Pre-/Post-test Assessment and Procedure of the Training

Each child started a training program through the distance rehabilitation platform Ridinet, using the Cloze app, after the assessment of learning and cognitive abilities, including comprehension assessment with two texts, one narrative and one informative (Cornoldi and Carretti, 2016; Cornoldi et al., 2017). Connection to the Ridinet web site was required in order to access to the app, three or four times a week for more or less 15/20 min. The period of use was of 3 months for 6 children and 4 months for 22 children. After this period children’s comprehension was assessed again. Additionally, some questions were asked to parents and children about the app’s utility and pleasantness. In particular, children were asked: “Do you think the program helped you improve your text comprehension skills?,” “Did you like doing this program instead of the same exercises on paper?”; and parents were asked: “Was it difficult to start the Cloze activities on days when it had to be done?,” “Compared to the beginning of the treatment, how do you currently judge the ability of your child to understand the texts?”. For all questions, except the last one, the answer had to be given on a 5-point scale with 1 = not at all, 2 = a little, 3 = enough, 4 = very, 5 = very much. For the last question the answer changed on a 4-point scale with 1 = got worse, 2 = unchanged, 3 = slightly improved, and 4 = greatly improved.



Comprehension Tasks

Reading comprehension was assessed with two texts, the first narrative and the other informative, taken from Italian batteries for the assessment of reading (Cornoldi and Carretti, 2016; Cornoldi et al., 2017). The texts range between 226 and 455 words in length, and their length increases with school grade (in order to have texts and questions matching the degrees of expertise at different grades the batteries include a different pair of texts for each grade). Students read the text in silence at their own pace, then answer a variable number of multiple-choice questions (depending on school grade), choosing one of four possible answers. There is no time limit, and students can reread the text whenever they wish. The final score is calculated as the total number of correct answers for each text. Alpha coefficients, as reported by the manuals, range between 0.61 and 0.83. For the purposes of the study we decided to use the same two comprehension texts, at pre-test and post-test, as the procedure offered the opportunity of directly examining and showing to parents changes in comprehension and previous evidence had shown the absence of relevant retest effects with this material in a retest carried out after 3 months (Viola and Carretti, 2019).



Distance Rehabilitation Program: Cloze

Cloze (Cornoldi and Bertolo, 2013) is an app for the promotion of text comprehension with the specific aim to recover processes of lexical and semantic inference. At each work session the child works with texts that lack words and must complete the empty spaces by choosing the correct alternative from those automatically proposed by the app, so that the text becomes congruent. The program is adaptive, as text complexity and proportion of missing words vary according to the previous level of response, and is designed for children who have weaknesses in written text comprehension, mainly due to poor skills in lexical and semantic inferential processes. The app also allows to enhance a set of language skills (phonology, syntax, semantics) which contribute to ensuring the fluidity of text and production processing. The recommended age range for the use of this program is between 7 and 14 years. In this study the semantic mode (only content words may be missing and no syntactic cues can be used for deciding between the alternatives) was proposed to 21 children and the syntactic mode (where all words may be missing) to 7 children. The mode type selected for each child depends from the performance at pre-test and diagnosis. A clinician, co-author of the present study (LB), monitored the child’s results and activities with the app and sent him/her from time to time some motivational messages. The motivational messages were typically sent once a week for congratulating with children for the work done and check with him/her possible problems emerged. Training lasted from 3 to 4 months and involved between 3 and 4 sessions of 15–20 min per week. The variation in duration depended on the decision of each individual family. In fact, children were required to use the software for about 4 months or in any case for a minimum period of 3 months (choice made by six families).



RESULTS


Effects on Reading Comprehension of Cloze Training

All analyses were carried out with SPSS 25 (IBM Corp, 2017). A preliminary analysis found that all the examined variables met the assumptions of normality (K-S between 0.106 and 0.143, p > 0.05). Then, we compared the reading comprehension performance of children before and after the computerized training with Cloze. For this analysis, a repeated measure Analysis of Variance (ANOVA) was conducted on comprehension scores to examine the differences in the whole group of children between the scores obtained before and after the training. A significant difference was found for both comprehension texts [F(1,27) = 22.37, p < 0.001, η2p = 0.453 and F(1,27) = 38.90, p < 0.001, η2p = 0.599, respectively]. Possible differences between the two training modalities (semantic vs syntactic) and between different training periods (3 months vs 4 months) were then analyzed; no significant differences emerged between groups in both cases [F(1,27) < 1].

Secondly, to analyze the role of individual differences at pre-test, the standardized training gain score (STG; Jaeggi et al., 2011) – computed by subtracting post-test score minus pre-test score, divided by the SD of the pre-test – was calculated for the two texts comprehension. Pearson correlations were computed between the STG and the variable collected at pre-test (reading speed and errors, WISC IV – Full scale IQ, Verbal Comprehension, Perceptual Reasoning, Working Memory and Processing Speed indexes). The only significant correlation was between STG of the narrative text and Verbal Comprehension Index of the WISC-IV Scale (r = 0.38, p = 0.048). Finally, individual improvements from pre- to post-test were also confirmed considering changes in performance in terms of standard deviation in relations to norms (provided by the manual). Table 3 shows the number of children for each comprehension text who improved their performance moving from a performance at least 2 standard deviations or between 1 and 2 negative standard deviations under the mean to a performance above one negative standard deviation.


TABLE 3. Changes in performance in relations to norms (provided by the manual) after the training program Cloze.
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Perceived Utility, Pleasantness, Parents and Child’s Improvements of Cloze

Results concerning the answers of parents and children about utility, pleasantness and self-perceived efficacy of the app, were also analyzed. At the first question, addressing children’s perceived improvement in comprehension skills, more than half of the sample chose the alternatives “very” or “very much” (15 “very” and 5 “very much”), only 1 child answered “a little” and the others chose “enough.” At the second question, about the pleasure of doing this kind of activity instead of pen and paper activities, all children answered “very” or “very much.” Concerning parents’ questions, at the first question about the difficulty to start the Cloze activity, only one parent answered “enough,” a quarter of the sample chose “a little” (seven families) and all the other 20 families chose the alternative “not at all.” At the last question about the perceived training efficacy on their child’s performance, the large majority of the families chose “slightly improved” or “greatly improved” and only three parents thought their children’s ability had remained unchanged. However, no correlations between parents and child’s perceived improvements and STG in reading comprehension were found.



CONCLUSION

The present study examined the effects of the use of Cloze, a distance rehabilitation program focused on inference skills, for improving reading comprehension, on the basis of the hypothesis that, being inference making related to reading comprehension at different ages (e.g., Oakhill and Cain, 2012), positive effects of the training activities on reading comprehension should be found.

Concerning the efficacy of computer-assisted training programs, literature highlights that many training programs are devised for an educational context. Results are generally encouraging with positive effects on reading comprehension, measured with materials different from those practiced during the training. However, few studies analyzed the efficacy in children with specific reading comprehension problems, and no studies considered the possibility of carrying out a training at home under the distance supervision of an expert. The latter characteristics are those that make the Cloze peculiar compared to the existent literature. Cloze is indeed based on a rehabilitation online platform which allows the child to complete personalized training activities several times a week, without moving from his/her home, and concurrently enabling the clinician to monitor the child’s progress or manage activities’ characteristics. The advantage of this procedure is twofold: on one hand it increases the potential number of training sessions per week, on the other hand it permits to save the necessary time to reach the center for rehabilitation and to reduce the costs of the intervention.

The preliminary data on Cloze were generally positive: children, working on either two slightly different versions of the same program, showed a generalized improvement in reading comprehension tasks and, together with their families, expressed appreciation for the pleasantness and the efficacy of the program. Encouraging results emerged also from the analysis of individual improvements referring to normative scores, as reported in Table 3: most of the children’s performance migrated from a highly negative level to an average level.

It is noticeable that the efficacy of the training was assessed with materials different from those practiced during the training sessions, since reading comprehension tasks required to read a paper text and complete a series of multiple-choice questions. In future studies it would be interesting to analyze the effects of the program on skills known to be related to text comprehension, such as vocabulary or comprehension monitoring, for example. There is good reason to believe that since these variables are highly predictive of comprehension skills (and given that training in these skills sometimes improve comprehension; e.g., Beck et al., 1982; see also Hulme and Snowling, 2011), training that specifically targets comprehension might, in turn, lead to improvements in vocabulary or comprehension monitoring skills. Further studies are needed to explore this hypothesis.

A second relevant finding of the present study is the presence of a positive correlation between the gain obtained in one of the reading comprehension text (the narrative one) and the Verbal Comprehension Intelligence Quotient (VCIQ) index of the WISC-IV battery, showing that children who started with more resources in verbal intelligence achieved greater improvements in text comprehension at least with one type of text through the Cloze. The activities probably required to develop some kind of strategies, and for this reason students with larger verbal intellectual resources, who were presumably more able to develop new strategies, were more advantaged. Indeed, this amplification effect is usually found when training activities require the development of strategies (von Bastian and Oberauer, 2014). Such result has clinical and educational implications, inviting professionals and teachers to consider children’s starting resources and, if necessary, to combine activities conducted through distance rehabilitation programs with personal intervention sessions that could teach strategies and promote a metacognitive approach to reading comprehension. However, some limitations of the present study must be acknowledged. Firstly, study did not include a control group, therefore findings should be taken with caution, although normative data and previous results obtained with the same test offer support to the robustness of our results and the use of normative data offers a control measure of how reading comprehension skills are acquired in typically developing children without specific training, therefore functioning as a sort of passive control group. Secondly, the treated group, although characterized by a common reading comprehension difficulty, was partly heterogeneous, as children attended different grades and could have different diagnoses. Unfortunately, the limited number of subjects, with the consequence that it was not possible to form groups defined both by the grade and the diagnosis, did not permit to make analyses taking into account the grade and the diagnosis as between-subjects factors. Future studies should examine a more homogeneous population or consider a larger sample of children, giving more information about the efficacy of training in different children population. Additionally, the fact that the treatment was concluded with the post-training assessment did not offer the opportunity to further examine the procedure and maintenance effects with a follow-up. Despite the limitations, this study offers evidence concerning the efficacy of new methods, based on computer-assisted training programs that could be beneficial in training high-level skills such as comprehension and inference generation. Such tools can be extremely worthwhile for struggling readers who may need to receive further attention in mastering higher level reading comprehension.



DATA AVAILABILITY STATEMENT

The datasets generated for this study are available on request to the corresponding author.



ETHICS STATEMENT

Ethical review and approval was not required for the study on human participants in accordance with the local legislation and institutional requirements. Written informed consent to participate in this study was provided by the participants’ legal guardian/next of kin. Written informed consent was obtained from the individual(s) for the publication of any potentially identifiable images or data included in this article.



AUTHOR CONTRIBUTIONS

AC, CC and BC contributed to the design and implementation of the research. LB provided the data. BC organized the database. AC performed the statistical analysis. ED did the literature research and wrote the section about the review of the literature. AC and BC wrote the other sections. CC contributed to the manuscript revision, read and approved the submitted version.



FUNDING

The present work was carried out within the scope of the research program Dipartimenti di Eccellenza (art.1, commi 314-337 legge 232/2016), which was supported by a grant from MIUR to the Department of General Psychology, University of Padua and partially supported by a grant (PRIN 2015, 2015AR52F9_003) to Cesare Cornoldi funded by the Italian Ministry of Research and Education (MIUR).



REFERENCES

Beck, I. L., Perfetti, C. A., and McKeown, M. G. (1982). Effects of long-term vocabulary instruction on lexical access and reading comprehension. J. Educ. Psychol. 74, 506–521. doi: 10.1037/0022-0663.74.4.506

Channa, M. A., Nordin, Z. S., Siming, I. A., Chandio, A. A., and Koondher, M. A. (2015). Developing reading comprehension through metacognitive strategies: a review of previous studies. Eng. Lang. Teach. 8, 181–186. doi: 10.5539/elt.v8n8p181

Chen, H. (2009). Online reading comprehension strategies among fifth- and sixth-grade general and special education students. Educ. Res. Perspect. 37, 79–109.

Cornoldi, C., and Bertolo, L. (2013). Cloze Ridinet. Bologna: Anastasis.

Cornoldi, C., and Carretti, B. (2016). Prove MT-3-Clinica. Firenze: Giunti Edu.

Cornoldi, C., Carretti, B., and Colpo, C. (2017). Prove MT-Kit Scuola. Dalla valutazione degli Apprendimenti di Lettura E Comprensione Al Potenziamento. [MT-Kit for the Assessment In The School. From Reading Assessment To Its Enhancement]. Firenze: Giunti Edu.

Cullen, J. M., Alber-Morgan, S. R., Schnell, S. T., and Wheaton, J. E. (2014). Improving reading skills of students with disabilities using headsprout comprehension. Remed. Spec. Educ. 35, 356–365. doi: 10.1177/0741932514534075

De Beni, R., and Palladino, P. (2000). Intrusion errors in working memory tasks: are they related to reading comprehension ability? Learn. Individ. Differ. 12, 131–143. doi: 10.1016/s1041-6080(01)00033-4

Delgado, P., Vargas, C., Ackerman, R., and Salmerón, L. (2018). Don’t throw away your printed books: a meta-analysis on the effects of reading media on reading comprehension. Educ. Res. Rev. 25, 23–38. doi: 10.1016/j.edurev.2018.09.003

Gonzalez, M. (2014). The effect of embedded text-to-speech and vocabulary eBook scaffolds on the comprehension of students with reading disabilities. Intern. J. Spec. Educ. 29, 111–125.

Greene, B. (2001). Testing reading comprehension of theoretical discourse with cloze. J. Res. Read. 24, 82–98. doi: 10.1111/1467-9817.00134

Hulme, C., and Snowling, M. J. (2011). Children’s reading comprehension difficulties: nature, causes, and treatments. Curr. Direct. Psychol. Sci. 20, 139–142. doi: 10.1177/0963721411408673

IBM Corp (2017). IBM SPSS Statistics for Windows, Version 25.0. Armonk, NY: IBM Corp.

Jaeggi, S. M., Buschkuehl, M., Jonides, J., and Shah, P. (2011). Short-and long-term benefits of cognitive training. Proc. Natl. Acad. Sci. U.S.A. 108, 10081–10086. doi: 10.1073/pnas.1103228108

Johnson-Glenberg, M. C. (2005). Web-based training of metacognitive strategies for text comprehension: focus on poor comprehenders. Read. Writ. 18, 755–786. doi: 10.1007/s11145-005-0956-5

Kerr, M. A., and Symons, S. E. (2006). Computerized presentation of text: effects on children’s reading of informational material. Read. Writ. 19, 1–19. doi: 10.1007/s11145-003-8128-y

Kim, A. H., Vaughn, S., Klingner, J. K., Woodruff, A. L., Klein Reutebuch, C., and Kouzekanani, K. (2006). Improving the reading comprehension of middle school students with disabilities through computer-assisted collaborative strategic reading. Remed. Spec. Educ. 27, 235–249. doi: 10.1177/07419325060270040401

Kleinsz, N., Potocki, A., Ecalle, J., and Magnan, A. (2017). Profiles of French poor readers: underlying difficulties and effects of computerized training programs. Learn. Individ. Differ. 57, 45–57. doi: 10.1016/j.lindif.2017.05.009

Krieger, R. (2017). The Effect of Electronic Text Reading on Reading Comprehension Scores of Students with Disabilities. Master thesis, Governors State University, Park, IL.

Leong, C. K. (1992). Enhancing reading comprehension with text-to-speech (DECtalk) computer system. Read. Writ. 4, 205–217. doi: 10.1007/bf01027492

Magliano, J. P., Todaro, S., Millis, K., Wiemer-Hastings, K., Kim, H. J., and McNamara, D. S. (2005). Changes in reading strategies as a function of reading training: a comparison of live and computerized training. J. Educ. Comput. Res. 32, 185–208. doi: 10.2190/1ln8-7bqe-8tn0-m91l

Mangen, A., Walgermo, B. R., and Brønnick, K. (2013). Reading linear texts on paper versus computer screen: effects on reading comprehension. Intern. J. Educ. Res. 58, 61–68. doi: 10.1016/j.ijer.2012.12.002

McNamara, D. S., O’Reilly, T. P., Best, R. M., and Ozuru, Y. (2006). Improving adolescent students’ reading comprehension with iSTART. Intern. J. Educ. Res. 34, 147–171. doi: 10.2190/1ru5-hdtj-a5c8-jvwe

Meyer, B. J., Wijekumar, K. K., and Lin, Y. C. (2011). Individualizing a web-based structure strategy intervention for fifth graders’ comprehension of nonfiction. J. Educ. Psychol. 103, 140–168. doi: 10.1037/a0021606

Mich, O., Pianta, E., and Mana, N. (2013). Interactive stories and exercises with dynamic feedback for improving reading comprehension skills in deaf children. Comput. Educ. 65, 34–44. doi: 10.1016/j.compedu.2013.01.016

Moran, J., Ferdig, R. E., Pearson, P. D., Wardrop, J., and Blomeyer, R. L. Jr. (2008). Technology and reading performance in the middle-school grades: a meta-analysis with recommendations for policy and practice. J. Liter. Res. 40, 6–58. doi: 10.1080/10862960802070483

Niedo, J., Lee, Y. L., Breznitz, Z., and Berninger, V. W. (2014). Computerized silent reading rate and strategy instruction for fourth graders at risk in silent reading rate. Learn. Disabil. Q. 37, 100–110. doi: 10.1177/0731948713507263

Oakhill, J. V., and Cain, K. (2012). The precursors of reading ability in young readers: evidence from a four-year longitudinal study. Sci. Stud. Read. 162, 91–121. doi: 10.1080/10888438.2010.529219

Oakhill, J. V., Cain, K., and Bryant, P. E. (2003). The dissociation of word reading and text comprehension: evidence from component skills. Lang. Cogn. Process. 18, 443–468. doi: 10.1080/01690960344000008

O’Reilly, T. P., Sinclair, G. P., and McNamara, D. S. (2004). “iSTART: A web-based reading strategy intervention that improves students’ science comprehension,” in Proceedings of the IADIS International Conference Cognition and Exploratory Learning in Digital Age: CELDA 2004, eds D. G. Kinshuk and P. Isaias (Lisbon: IADIS), 173–180.

Ortlieb, E., Sargent, S., and Moreland, M. (2014). Evaluating the efficacy of using a digital reading environment to improve reading comprehension within a reading clinic. Read. Psychol. 35, 397–421. doi: 10.1080/02702711.2012.683236

Potocki, A., Ecalle, J., and Magnan, A. (2013). Effects of computer-assisted comprehension training in less skilled comprehenders in second grade: a one-year follow-up study. Comput. Educ. 63, 131–140. doi: 10.1016/j.compedu.2012.12.011

Potocki, A., Magnan, A., and Ecalle, J. (2015). Computerized trainings in four groups of struggling readers: specific effects on word reading and comprehension. Res. Dev. Disabil. 45, 83–92. doi: 10.1016/j.ridd.2015.07.016

Rideout, V. J., Foehr, U. G., and Roberts, D. F. (2010). Generation M 2: Media in the Lives of 8-to 18-Year-Olds. San Francisco, CA: Henry J. Kaiser Family Foundation.

Singer, L. M., and Alexander, P. A. (2017). Reading on paper and digitally: what the past decades of empirical research reveal. Rev. Educ. Res. 87, 1007–1041. doi: 10.3102/0034654317722961

Viola, F., and Carretti, B. (2019). Cambiamentinelleabilità di letturanelcorso di unostesso anno scolastico [Changes in readingskillsduring the sameschoolyear]. Dislessia 16, 147–159. doi: 10.14605/DIS1621902

von Bastian, C. C., and Oberauer, K. (2014). Effects and mechanisms of working memory training: a review. Psychol. Res. 78, 803–820. doi: 10.1007/s00426-013-0524-526

Wechsler, D. (2003). Wechsler Intelligence Scale For Children–Fourth Edition (WISC-IV). San Antonio, TX: The Psychological Corporation.

Wijekumar, K. K., Meyer, B. J., and Lei, P. (2012). Large-scale randomized controlled trial with 4th graders using intelligent tutoring of the structure strategy to improve nonfiction reading comprehension. Educ. Technol. Res. Dev. 60, 987–1013. doi: 10.1007/s11423-012-9263-4

Wijekumar, K. K., Meyer, B. J., and Lei, P. (2013). High-fidelity implementation of web-based intelligent tutoring system improves fourth and fifth graders content area reading comprehension. Comput. Educ. 68, 366–379. doi: 10.1016/j.compedu.2013.05.021

Wijekumar, K. K., Meyer, B. J., and Lei, P. (2017). Web-based text structure strategy instruction improves seventh graders’ content area reading comprehension. J. Educ. Psychol. 109, 741–760. doi: 10.1037/edu0000168

Woolley, G. (2011). “Reading comprehension,” in Reading Comprehension: Assisting Children With Learning Difficulties, ed Springer Science+Business Media (Dordrecht, NL: Springer), doi: 10.1007/978-94-007-1174-7_2

Yuill, N., and Oakhill, J. (1988). Effects of inference awareness training on poor reading comprehension. Appl. Cogn. Psychol. 2, 33–45. doi: 10.1002/acp.2350020105

Conflict of Interest: The authors declare that the research was conducted in the absence of any commercial or financial relationships that could be construed as a potential conflict of interest.

Copyright © 2020 Capodieci, Cornoldi, Doerr, Bertolo and Carretti. This is an open-access article distributed under the terms of the Creative Commons Attribution License (CC BY). The use, distribution or reproduction in other forums is permitted, provided the original author(s) and the copyright owner(s) are credited and that the original publication in this journal is cited, in accordance with accepted academic practice. No use, distribution or reproduction is permitted which does not comply with these terms.

OPS/images/fpsyg-11-00751-t003.jpg
Pre-test Post-test

z<-2-2<z<-1z>-12<-2-2<z<-1z>-1

Text 1 (narrative) 4 13 12 1 3 23
Text 2 (informative) 6 16 5 1 7 19





OPS/images/cross.jpg
3,

i





OPS/xhtml/Nav.xhtml




Contents





		Cover



		The Use of New Technologies for Improving Reading Comprehension



		INTRODUCTION



		MATERIALS AND METHODS



		Pre-/Post-test Assessment and Procedure of the Training



		Comprehension Tasks



		Distance Rehabilitation Program: Cloze







		RESULTS



		Effects on Reading Comprehension of Cloze Training



		Perceived Utility, Pleasantness, Parents and Child’s Improvements of Cloze







		CONCLUSION



		DATA AVAILABILITY STATEMENT



		ETHICS STATEMENT



		AUTHOR CONTRIBUTIONS



		FUNDING



		REFERENCES

















OPS/images/cover.jpg
frontiers
in Psychology

The Use of New Technologies
for Improving Reading
Comprehension









OPS/images/logo.jpg
’ frontiers
in Psychology





OPS/images/fpsyg-11-00751-t001.jpg
Author/s. Computerized
training program

Typical Development

ORellyetal. (2004)  ISTART

Magianoetal.(2005)  iSTART

MoNamara et al. (2006) iSTART

Meyerotal, (2011)  [TSS

Wiekumar et al. 2012) 1TSS,

Wiekumar et al. 2013) 1TSS,

Ortiebetal. (2014)  myON®.

Wiekumar et al. 2017) 1TSS,

Learning Difficulties

Leong (1992) DECtak

Johnson-Glenberg (2005) 3D Readers.

Kim et al. (2006) CACSR

Potockietal. (2013)  LoCoTex (reading
‘comprehension,
intervention grou
vs. Chassymo
(decoding, contr.
group)

Niedo etal. (2014) RAP

Cullen ot al. (2014) Headsprout

Comprehension
Potockietal. (2015)  LoCoTexvs
Chassymo

Keinszetal. 2017)  LoCoTexvs

Chassymo

Type of Trained reading comprehension

control group components

Active Gogitive (textual information,
‘connecting text sentences)
Metacogniive (sal-explanation, prior
knowiedge, reading stateges)

Active (o Gogritv (textual information,

training) connecting text sentences)
Vetacogniive (sof-explanation, prior
Knowledge, reading strateges)

Active Gogitive (textual information,
connecing text sentences)
Netacogniive (self-expianation, prior
Knowiedge, reading stategies)

Nocontrol Cogritve (recal specic text stnucture,

(comparison identity key words, classifation of

betwoen information)

standardized of

tailored version

of TSS)

Active Cogritve (recal specic text stnucture,
identity key words, classifation of
information)

Active Cogritive (recal specifc text structurs,
identity key words, ciassifcation of
information)

3Groups Gogritve (oniine reacing and toxt

Print-based analysis)

Hybrid

myoN

Active Gogritive (toxt stucture recogniton,
hierarchical classifcation of informatior)

Active Cogritve vocabular, text-to-speech
skils)

Within groups. Metacognitive (comprehension

design with monitorng, graphic organizers,

control quostion answering, question
condtions generation, summarizaton)

Active Gogritve (recognition or relevant
elements of the text, connecting toxt
sentences)

Metacogritive (monitoring before,
during and after reacing. previous
Knoviedge)

Active Cogitive inference making, text
‘analysis)

Active Gogritve (sentence ogc, Cloze
technique, paragraph understanding)

No control Gogritve (ocabulary, text analyss,
‘answering questions)

4Groups Gogritve (inference making, text

normal eaders. ‘analysis)

poor decoders

poor comprehenders

‘general poor readers

3 Groups: Cognitive (nferance making, text
Specific decoding diffculy analysis)

‘Specific comprehension

diffcuty

‘General reading diffculty

School grade

Endof 7th-8ih

Undergraduate

8th-oth

sth

an

=y

an

7

6ih-gth

6ih-7th

Middie-school

2nd

ath

adand 5th

6h-7th

2nd

Reading
Prior Krnowledge
Reading strategy knowledge

Reading
Self-explanation

Reading strategy knowledge
Self-explanation tests.

Reading comprehension

Reading comprehension

Sient Reading

Reading
Comprehension

Reading comprehension

Vocabulary

Reading comprehension
Comprehension

assessed vith open-ended answers
Comprehension assessed

with vocabulary gains

Rereading assessed vith ScrolBacks
Question generation
Comprehension

Wiiing main ideas from a text
Decoding

Word reading
Non-verbal nteligence

Word span;

Updating

Uistering and reading comprehension
Vocabulary;

Comprehension monioring

Word reacing

Psoudoword reading

Reading comprehension accuracy
Sient word reading

Sient sentence reading

Working memory

Attention and hyperactivty ating
Reading comprehension

Silent word reading
Fluency
Listening comprehension

Writen word recognition
Listening and reading comprehension
Decoding

Phonological skils

Decoding fluency

Vocabulary

‘Comprehension monitoring

Working memory

Non-verbal reasoning

Efficacy (during/after post-test)

I>c
Effects on comprehension

Improvement in comprehension questions
regardiess of the initial strategy knowledige lovel
‘Skilld and less skiled readers improved with the.
program

Less skiled readers from the ive training improved
more in text-based question, whereas skiled
readers improved wih inference questions.

Both treatments brought similr effects

I>c

Effects on comprehension and self-explanation
‘Gorrelation between self-explanation and
‘comprehension questions was stronger in the
intervention group

Both groups improved

More improvement with the indidualized version

I1>c
‘Small but significant effects on comprehension

1>c
‘Small but significant effects on comprehension

Al groups improved in comprehension
myON group was outperformed by the other two.
‘when using printed material

myON group improved reading comprehension in
the digitalformat

1> C (nall measures)

‘Small but significant effects on comprehension

G > 1 (when combining the program with online
reading explanations)

Higher performance in comprehension and longer
rereading time in the metacognitive condtion

I>c
Positve effeots on comprehension
Perceived improvement from
students and teachers

1>c
Positive effects on reading and
listening comprehension

Effects on moritoring and
vocabulary (sgnificative only until
follow-up)

Both groups improved
Attention and working memory.
predioted post-test acouracy (sient
reading comprehension)

‘Substantialimprovement in reading
‘comprehension

Improved fuency with decoding
raining

Improvement in word recogrition,
lstening and reading
comprehension vith
comprehension training
Dificutios in working memory
during testing phases n al three
goups

Improvements n word decoding
and phonological aarenoss vith
decoding training

Improvements n vocabuary,
comprehension montoring,
decoding fluency and accuracy,
word-recogniion wih
comprehension traning

1 G, intervention group outperformed control groups; ISTART, Interactive Strategy Training for Active Reading and Thinking; ITSS, Iteligent Tutoring forthe Structuro Strategy; DECtalk, Toxt{o-spoech program; CASR,
Computer-Assisted Collaborative Strategic Reacing; PILE, Programainformatizado de Leltura€istratégica; RAR, Rapid Acceleratedt-reading Program. Active control: group not involvedin the experimental training but
receiving some kind of treatments (for example other exercises or games).





OPS/images/fpsyg-11-00751-t002.jpg
Task Mean Standard deviation

Reading assessment

Text reading speed (syllables per seconds) 2.70 0.81
Text reading speed (syllables per seconds) z score  —0.81 0.77
Text reading errors 4.32 3.7
Words reading (syllables per seconds) 2.37 0.75
Words reading (syllables per seconds) z score -0.75 1.08
Words reading errors 4.79 23
Non-word reading (syllables per seconds) 1.73 0.66
Non-word reading (syllables per seconds) z score  —0.13 1.14
Non-word reading (syllables per seconds) errors 7.04 3.13
Cognitive assessment

Full Scale 1Q (FSIQ) 97.61 10.24
Verbal Comprehension Index (VCI) 103.04 11.29
Perceptual Reasoning Index (PRI) 103.29 11:82
Working Memory Index (WMI) 90.56 9.80

Processing Speed Index (PSI) 92.44 11.46





