
Computers & Education 196 (2023) 104727

Available online 10 January 2023
0360-1315/© 2023 The Authors. Published by Elsevier Ltd. This is an open access article under the CC BY-NC-ND license
(http://creativecommons.org/licenses/by-nc-nd/4.0/).

Effects of two computer-based interventions on reading 
comprehension: Does strategy instruction matter? 
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A B S T R A C T   

Managing text information to answer questions is one of the most frequent reading activities. 
These reading situations, called task-oriented reading, are challenging for students since they 
require specific skills that extend beyond basic reading comprehension skills. This is especially
pronounced when deep comprehension is required. Although many computer-based interventions 
have focused on teaching strategies to foster text comprehension, the role of strategy instruction 
in task-oriented reading has not been examined. In this study, we aim to ascertain the efficacy of 
an intervention based on task-oriented reading strategy instruction (TuinLECweb), in both text
base and situation model levels of comprehension, comparing it with training based on question- 
answering practice (AutoLEC). Moreover, we analyzed students’ use of the instructional com
ponents and resources of the programs and the relationship to their efficacy. One hundred and 
thirty pupils attending sixth grade participated in this experimental pre-post study. The inter
vention comprised eight sessions in which students followed the training on their computers in 
the classroom. Results show that participants in both conditions raised their reading scores; 
however, while students in AutoLEC training obtained higher textbase scores, students in the 
TuinLECweb condition improved their situation model performance. Besides, gain in reading 
comprehension was not related to either instructional components or resources. These findings 
highlight the key role of strategy instruction in fostering deep comprehension when employing 
computer-based interventions in task-oriented reading. Moreover, these results point out the 
needto analyze how students manage the instructional aids offered to them.   

1. Introduction 

Managing textual information to answer questions and having them corrected is one of the most frequent reading activities in 
schools (Ness, 2011). However, many students struggle to successfully deal with this task, especially when the information is not 
explicit in the text. In these scenarios, usually called task-oriented reading (Vidal-Abarca et al., 2010), students need to apply strategies 
to comprehend the text but also the task demands, and make a series of additional strategic decisions, such as when to search for text 
information or which information reread to answer a given question (Guthrie & Kirsch, 1987; Rouet, 2006). 
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Classic theories and empirical research on reading have focused on how to build an overall understanding of a text (Filderman et al., 
2021), and effective intelligent tutoring systems (ITSs), based on strategy instruction, have even been implemented (Xu et al., 2019). 
Nonetheless, less is known about how to teach students the additional skills needed to answer questions from texts, and consequently, 
computer-based interventions have scarcely been developed. A Spanish ITS on task-oriented reading has been successfully tested 
(Serrano et al., 2018), but the role of strategy instruction in this type of scenario has not been examined. 

In this study, our purpose is to ascertain if, as literature on reading comprehension suggests, students need specific strategy in
struction to obtain a real improvement in task-oriented reading, or just practising question-answering -as traditionally done in 
classrooms-would be enough. To do so, we recruited students from the last year of primary education in Spain, since this is when 
citizens’ basic reading skills should have been acquired and the transition from learning-to-read to reading-to-learn is expected to be 
accomplished (Goldman et al., 2010). 

1.1. Reading literacy and task-oriented reading 

In everyday life, we read a wide variety of textual information with an increasing range of goals and purposes (White et al., 2010). 
For this reason, the current conception of reading literacy highlights the need for considering the specific reader’s purpose when 
reading a text, besides the processes required to form a mental representation of the text (Britt et al., 2017; Snow, 2002). In 
task-oriented reading, readers handle one or more texts while knowing in advance that they have to perform a task for which the texts 
are a crucial source of information (Vidal-Abarca et al., 2010). This framework has been used in international reading assessment 
programs like PISA (OECD, 2018) or PIRLS (Mullis & Martin, 2019). Both programs use a variety of texts (narrative, procedural, 
expository, etc.) that are representative of those students may read in different situations - not linked to a specific school subject (but 
with contents from natural and social sciences, for example)-, and different types of questions. 

In task-oriented reading situations, the questions guide the reader’s mental activity and the level of comprehension needed to 
answer. Some questions require the reader to retrieve an idea or specific information from the text, with superficial comprehension 
being enough, whereas others are more demanding and imply connecting different parts of the text and/or making inferences, 
requiring a deeper comprehension (Tawfik et al., 2020). Thus, it is commonly accepted in the scientific literature that the mental 
representation generated when reading has at least two levels (van Dijk & Kintsch, 1983): textbase and situation model. The first level 
contains explicit textual information, requires local inferences to connect contiguous sentences, and is elaborated more or less 
automatically. The second level allows the generation of implicit information by means of more complex inferences that integrate 
information that appears in different parts of the texts or that relate explicit information to the reader’s previous knowledge 
(McNamara, 2021; Smith, Snow, Serry, & Hammond, 2021). Reading comprehension complexity stems from this second level, from 
the cognitive processes to be carried out to achieve a deeper representation of the text, which are often non-automatic and requiere 
comprehension strategies that are reflective, intentional, and purposeful by nature. 

Additionally, effectively making use of texts to answer comprehension questions demands strategies and skills that extend beyond 
those required to build a representation of the text. That is, the reader needs to build a reading strategy and make a series of self- 
regulation decisions regarding when to read, which information to read, and how to read it (Cataldo & Oakhill, 2000; Rouet, 2006; 
Sun et al., 2021). The RESOLV model (Britt et al., 2017) offers an approach for task-oriented reading. This model begins with the 
comprehension of the task demands and the construction of the task model, which will guide the iterative processes between the 
question and the text. That is, the task model will determine whether the question can be answered without going back to the text or a 
rereading is needed. Therefore, readers need to constantly assess the relevance of the information having their goal in mind, which will 
modulate the allocation of cognitive resources to specific text segments. In addition, readers also have to decide when they have all the 
necessary information to provide an adequate response. These decisions, which are mainly based on metacognitive processes, play a 
fundamental role in such an interactive process and have an impact on the final success of the task (Gil et al., 2015; Vidal-Abarca et al., 
2011). However, many students, especially the youngest and lowest-skilled readers, have trouble dealing with these tasks (Cataldo & 
Oakhill, 2000; Cerdán et al., 2011; Rouet & Coutelet, 2008). Moreover, those processes require a certain level of engagement and 
effort, so readers have to maintain their motivation (Orellana et al., 2020; Wigfield et al., 2016). Since these cognitive and meta
cognitive processes are not usually automatic and demand the individual’s commitment, students often need guidance and support 
during the task-oriented reading process. 

1.2. Teaching reading literacy in the classroom 

Based on classic theories of reading comprehension, extensive research has been conducted on what and how to teach students to 
help them construct a mental representation of the text; however, little is known about which specific task-oriented reading skills to 
teach and how. 

Regarding what to teach to help build a mental representation of a text, evidence-based teaching practices highlight comprehension 
strategies (e.g. question generation, summarization, clarification, and prediction) (Afflerbach et al., 2020, pp. 98–118; Filderman 
et al., 2021). In regard to task-oriented reading, Rouet (2006)’s- model suggests that the strategies needed to answer questions from 
texts include those related to examining the question demands, self-regulating the search decision (i.e., when to reread the text) and 
the search process (i.e., which piece of information to read). 

With respect to how to teach comprehension strategies, two elements have been shown to be effective: 1) Strategy instruction, 
based on modelling, explicit teaching and guided and deliberate practice (Filderman et al., 2021; Joseph et al., 2021; Pearson & Dole, 
1987); 2) Feedback (Golke et al., 2015). Thus, Okkinga et al. (2018) found in their meta-analysis that modelling was a relevant didactic 
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principle to improve students’ strategic ability. Therefore, effective teachers provide a direct explanation of what, how, why, and when 
a comprehension strategy should be used, but also by modelling or demonstrating how to apply those strategies and guiding the 
student’s practice. In this step, both teachers and students work together in applying the strategies to gradually and slowly release the 
responsibility to the student (Afflerbach et al., 2020, pp. 98–118; Duke & Pearson, 2002, pp. 205–242; Rosenshine & Meister, 1994). 

In addition, research on reading comprehension is consistent in reporting the benefits of providing feedback (Golke et al., 2015; 
Murphy, 2010; National Reading Panel, 2000). The literature on feedback in educational contexts usually differentiates between three 
main types, according to their content (Shute, 2008): Knowledge of Results (or KR), Knowledge of Correct Response (KCR), and 
Elaborated Feedback (EF). Whereas KR messages only provide information about the correctness or incorrectness of the student’s 
responses, KCR messages include the correct solution to the task, and EF messages offer information about the accuracy of the student’s 
answer, such as explanations or hints. Research on the effects of feedback on learning in general (and on reading comprehension in 
particular) is inconsistent and the conclusions differ depending on multiple variables. However, results from a meta-analysis found 
that, in computer based-learning environments, EF produced larger effect sizes (0.49) than KCR (0.32), or KR (0.05), especially in 
higher-order learning tasks (van der Kleij et al., 2015). If we focus on reading comprehension, another meta-analysis concluded that EF 
and KCR feedback were more effective in learning from texts than KR (Swart et al., 2019). 

Finally, regarding instruction on task-oriented reading, research on how to teach it is much scarcer but seems to be in the same 
direction. One of the few interventions following this approach is the one of Raphael and colleagues, who successfully trained question- 
answering skills in fifth graders using modelling and explicit teaching on the relationship between different types of comprehension 
questions and location of the answers (Raphael & Au, 2005; Raphael & McKinney, 1983). Similarly, other authors explicitly teach 
students to search for information in textbooks using headings as locational aids (Kobasigawa et al., 1988) or provide strategy in
struction to locate answers and monitor their success (Symons et al., 2001), obtaining good results. More recent studies assessing the 
effect of providing feedback in task-oriented reading concluded that informing students of the correct strategy was effective in 
improving performance and strategic decisions, leading them to increase their search decisions and their focus on relevant information 
when they received EF (Llorens et al., 2014, 2016). Finally, Cerdán et al. (2021) improved students’ performance in 
question-answering by fostering the construction of an adequate task model. 

Despite scientific knowledge, the most usual practice in classrooms is merely to ask students to answer comprehension questions 
and have them corrected (Ness, 2011; Wijekumar et al., 2021); that is, students usually only receive general KR and KCR feedback 
messages. Although this practice makes some improvement in students’ reading comprehension, teachers often rely on textbook texts 
and questions to this end, ignoring the fact that this may not be the best choice for teaching reading comprehension (Wijekumar et al., 
2021). Thus, Spanish textbooks often include texts that are designed by the textbook authors, which reduces students’ exposure to 
authentic texts, and their variety is limited (Garcia-Pitxer, 2019). Regarding the activities that follow the texts, they have been found to 
be mainly of a low cognitive level, with many of them being answered by identifying explicit information in the text (Ortega-Sánchez 
et al., 2019; Sepúlveda et al., 2020; Wijekumar et al., 2021). 

In short, there is still a great distance between what is proposed in the scientific literature and what too often happens in the 
classroom, at least in Spain. One of the reasons may be related to logistical constraints, which make it impossible for a single teacher to 
carry out a complete evidence-based strategy instruction in a typical classroom setting with a large number of students. In this regard, 
technology has emerged as a means to overcome these problems. 

1.3. Using technology to scaffold reading instruction 

As we have addressed, the development and improvement of new complex skills, such as reading proficiency skills, usually requires 
explicit instruction combined with feedback and also a significant amount of practice over an extended period of time (Duke & 
Pearson, 2002, pp. 205–242). In this regard, computer-based systems offer distinct advantages over traditional classroom teaching. 
First, they may provide the instruction needed and greater opportunities to practice, as well as a broader set of examples than a student 
would normally be exposed to in the classroom (Martin et al., 2007; McNamara, 2010). Second, technology allows students to have 
control over the learning process in terms of pacing, sequencing, instructional content (e.g., on-demand help), or feedback, which can 
also increase student engagement and learning expectations (McNamara, 2010; Milheim & Martin, 1991). Another advantage of 
computer-based systems that explains their efficacy is the possibility of accurately recording learners’ actions and generating timely 
and tailored feedback (Azevedo & Bernard, 1995; Morgan et al., 2020). Finally, there is also a motivational element that supports the 
use of technology for learning (Vogel et al., 2006). Since fifth- and sixth-grade students usually prefer to read on-screen (Golan et al., 
2018), using computers seems more motivating for children than reading with print documents. 

All these opportunities that technology offers have fostered the development of computer-based systems to teach and train complex 
skills. Thus, in the last two decades, strategy instruction through computer-based systems have been implemented (Jamshidifarsani 
et al., 2019; Lan et al., 2014; Ponce et al., 2012; ter Beek et al., 2018; Xu et al., 2019). In the field of reading comprehension, technology 
has also shown the potential to implement sophisticated tutoring strategies (e.g., modelling and scaffolding) through Intelligent 
Tutoring Systems (ITSs). A recent meta-analysis has found that ITSs for reading comprehension produce larger effects than traditional 
instruction and other educational applications (Xu et al., 2019). Softwares like iSTART (McNamara et al., 2006), 3D-Readers 
(Johnson-Glenberg, 2005, 2007), or ITSS (Wijekumar et al., 2012, 2017), for example, have proved their efficacy. These programs 
include explicit instruction of cognitive and metacognitive strategies and extensive practice with expository or narrative texts. Some 
studies have shown that such sophisticated strategies, however, are rarely implemented by human tutors (Graesser et al., 2009). 

In this study, we employed an ITS specially designed for training and teaching task-oriented reading skills to upper elementary and 
early middle school students: TuinLECweb (Vidal-Abarca et al., 2017). This program includes three evidence-based didactic principles 
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previously addressed in the theoretical framework (modelling, explicit instruction, and guided practice) and two types of resources (EF 
and on-demand aids) distributed in an instruction phase and a practice phase (see a description of the program in the Method section). 

1.4. Previous studies with TuinLECweb 

Few studies have tested TuinLEC’s efficacy to improve task-oriented reading and results vary depending on the study design, the 
sample, and the instruments employed. In a pilot study with a previous version of TuinLECweb (i.e., TuinLEC; Vidal-Abarca et al., 
2014), half of a group of 25 sixth-graders was trained with TuinLEC out of school hours, whereas the other half acted as a control group 
and performed other activities on their own. The two groups were tested in reading comprehension before and after training using two 
different standardized tests (both developed by the same research team): TEC-e (Martínez et al., 2009) and CompLEC (Llorens et al., 
2011). The study concluded that the trained group increased their reading comprehension skills over the control group (Vidal-Abarca 
et al., 2014). 

Another study with the latest version of TuinLEC (i.e., TuinLECweb) (Serrano et al., 2018; Study 1) showed that the intervention 
primarily benefited low-skilled comprehenders (sixth- and seventh-graders), as they improved their performance two weeks after the 
intervention. Finally, in a third study (Serrano et al., 2018), 68 low-skilled comprehenders were trained either with TuinLECweb or 
with a traditional teaching program that simulated typical classroom comprehension instruction. It consisted of a workbook with texts 
and comprehension activities that students completed on their own. Results showed the superior efficacy of TuinLECweb compared 
with a traditional classroom intervention to improve low-skilled comprehenders’ monitoring skills and performance in task-oriented 
reading. In both studies, students were tested in reading comprehension using tests developed ad hoc by the authors. 

Although the three studies conducted yielded positive results on the efficacy of this software to improve students’ reading 
competence, more research is needed to ascertain what the efficacy of a task-oriented reading instruction relies on. First, the control 
group of the previous study (Serrano et al., 2018; Study 2) received an intervention in a paper-and-pencil format. This led us to 
question whether the results were due to the use of computers and practice with certain texts and questions or to the didactic principles 
and resources of TuinLECweb. Second, the latest version of TuinLECweb has not been tested using a standardized comprehension test. 
As known, effect sizes are significantly larger for researcher-developed instruments than for standardized tests (Okkinga et al., 2018). 
Third, none of these studies have analyzed the students’ use of the instructional components and resources of TuinLECweb and the role 
they have in students’ outcomes. TuinLECweb collects data on the time each student takes to complete each of the modules, as well as 
the aids used and the feedback reviewed in the practice phase. These data allow us to know the specific use that they make of these 
TuinLECweb components and resources. Although learning analytics research is extensive, especially in open learning environments 
and in higher education (Bernacki et al., 2012; Lust et al., 2013; Saint et al., 2022), few reading comprehension ITSs have explored how 
students use their resources and whether they contribute to learning (Snow et al., 2014; 2015). While learning gains are the key 
outcome for ITSs, other aspects, such as the time spent in the intervention (Godwin et al., 2021) and the students’ use of the 
instructional elements, may allow us to understand why an ITS works and how it can be improved. 

1.5. The present study 

Strategy instruction through TuinLECweb has already shown its efficacy for improving task-oriented reading outcomes in upper 
elementary and early middle school students. However, we wonder whether the improvement is due to the simple practice of question- 
answering with corrective feedback or to the evidence-based instructional elements and resources. That is, can students develop 
strategies to answer comprehension questions just by practicing question-answering and receiving corrective feedback, as they usually 
do in schools, or do they need strategy instruction, as research in reading comprehension suggests? Also, do they need the same type of 
instruction for improving the skills needed to answer textbase questions as to answer situation model questions? As far as we know, 
computer-based strategy instruction has not been compared to other training which resembles traditional classroom practices but 
supported by computers, so the impact of the motivational factor of reading on a screen is removed. Thus, the present study has two 
aims.  

i) To ascertain the efficacy of an intervention based on task-oriented reading strategy instruction (TuinLECweb), in both textbase and 
situation model levels of comprehension, comparing it with training based on question-answering practice and corrective feedback 
(KR and KCR). 

Table 1 
Instructional components, resources and phases in each intervention.  

Instructional component Phase TuinLECweb AutoLEC 

Instruction 1 Explicit instruction and modelling – 
Practice 1 Guided Autonomous 

2 Autonomous 
Feedback 1 & 2 KR 

KCR   
EF – 

Aids 2 Search aids (binoculars and magnifying glasses) and question-demands aid (lifebuoy) – 

Note. KR = Knowledge of Results; KCR = Knowledge of Correct Response (KCR); EF = Elaborated Feedback. 
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ii) To explore the students’ use of the instructional components and resources that the programs offer and their relationship to stu
dents’ comprehension outcomes. 

To address these objectives, we designed and implemented a “minimum” computer-based intervention that we called AutoLEC. 
AutoLEC was an ad-hoc training program designed for this study, which used all the texts and questions employed in TuinLECweb, plus 
two extra texts and 20 extra questions to match the time spent in each program. As in TuinLECweb, students answer the questions with 
the texts available. AutoLEC offers corrective feedback once the student has answered the questions, so the reader knows whether his/ 
her answer was right or wrong (KR feedback) and which option was correct (KCR feedback) after the task is finished. Both programs 
were divided into two phases, with four modules in each phase: in TuinLECweb, phase 1 corresponded to instruction and phase 2 to 
practice; whereas in AutoLEC, both phases corresponded to practice. A comparison between the two interventions can be seen in 
Table 1. 

The research questions were the following. 

RQ1. - To what extent do students differ in task-oriented reading outcomes (textbase, situation model) following a strategy-based vs. 
a question-answering-based intervention? 

RQ2. - How do students actually use the instructional components and resources of the interventions and what is the role of these 
elements in the improvement in reading comprehension (textbase, situation model)? 

Based on the literature review, our hypotheses were the following. First, we expected students to improve their reading scores after 
following both interventions. Second, our prediction was that strategy instruction (TuinLECweb) would be more effective than just 
obtaining KR and KCR feedback after practicing question-answering (AutoLEC), as it contains a wider range of evidence-based 
instructional components and focuses on strategy instruction (Filderman et al., 2021). In particular, we expected strategy instruc
tion (TuinLECweb) to be especially effective for deep comprehension questions since this comprehension level usually requires 
effortful reader-initiated processes that are mostly strategic, so they can be acquired through instruction and practice (van den Broek & 
Helder, 2017). Finally, we conducted exploratory analyses of the possible relationship between the students’ use of the instructional 
components and resources of the interventions and participants’ gain scores. 

2. Method 

2.1. Participants 

One hundred and seventy-four students attending sixth grade were asked to participate in the study. They belonged to seven intact 
classes of three different schools from the north and the east region of Spain. Participants were randomly assigned to the conditions 
(TuinLECweb vs AutoLEC). Students with learning disabilities and those without parental consent were excluded from the dataset. 
Besides, students who did not complete at least six of the eight modules, or one of the comprehension tests (i.e., pretest/posttest) were 
also removed. After these exclusions, 130 students met all the requirements and remained part of the study (mean age: 11.33, SD =
0.54; 48.5% female). The final distribution between conditions includes 71 in TuinLECweb and 59 in AutoLEC. 

As determined by a priori power analysis (G*Power 3; Faul et al., 2007) with alpha level and statistical power respectively set at 
0.05 and 0.95, a 130-participant sample is appropriate to detect an interaction effect of time and condition on reading comprehension 
equal to a partial eta-squared of 0.03 (minimum necessary sample size = 108; taking into account the effect size found by means of a 
similar experimental design by Serrano et al., 2018). 

Fig. 1. Screenshot of instructional modules screen.  
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2.2. Materials 

2.2.1. TuinLECweb’s description 
TuinLECweb is an intelligent tutoring system designed to teach reading comprehension skills from a task-oriented reading 

approach (Serrano et al., 2018; Vidal-Abarca et al., 2017). It includes explicit teaching and practice of task-oriented reading skills with 
adaptive feedback in a game-like environment. TuinLECweb includes a variety of texts and different types of questions to be answered 
with the text available, which are structured in eight modules divided into two phases, one for explicit strategy instruction and guided 
practice (i.e., instructional phase: modules 1 to 4), and another for practice (i.e., practice phase: modules 5 to 8). 

The strategy instruction is conducted through modelling, explicit teaching, and guided practice via dialogs between two animated 
agents: Ramiro, the teacher, and Lue, the student (see Fig. 1 for a screenshot of the instructional modules screen). The modules devoted 
to strategy instruction correspond to the main stages of task-oriented reading and provide strategies to be successful at every stage (see 
Appendix for an overview). The strategies cover: strategies for building a mental scheme of the text contents (e.g., noticing text or
ganization), strategies for examining the question demands (e.g., identifying the process required to answer it), strategies for self- 
regulating the search process (e.g., locating relevant information depending on task demands), and strategies for self-regulating the 
search decision (e.g., monitoring the need for text information). The virtual teacher presents texts and questions, explains the stra
tegies, and provides feedback, whereas the virtual student acts as a model, not only of appropriate but also of incorrect strategies. The 
student is involved in the modules by answering questions and performing a variety of tasks together with the virtual student. 
However, at the end of every module, the student’s participation increases by practicing the strategies more independently. 

In each module, the strategies are taught and practiced using one or two texts and between 14 and 21 activities. The texts are 
interesting and challenging for students; they are different from those found in textbooks and more similar to texts that can be found in 
real life. Their length ranges from 300 to 600 words and they are of different formats, both continuous and non-continuous. Regarding 
the activities, TuinLECweb displays multiple-choice questions, selecting keywords, pairing tasks, and selecting textual information. 
Multiple-choice content questions are of two types: textbase and inferential, with the latter being the most numerous. 

Throughout each module of the instructional phase (modules 1 to 4), the virtual teacher provides feedback not only referring to the 
right or wrong answer, but also to the strategy involved in the answering process. Thus, the feedback always includes explanations for 
correct and incorrect answers, information about the type of errors based on the strategies involved, and advice on effective strategies 
for the next questions. 

After the instructional phase, students are trained with extensive deliberate practice of the strategies learned by reading texts and 
answering questions with the text available. Each practice module consists of two texts and 14 multiple-choice questions. In these 
modules, the interface changes, and virtual agents are not present. Instead, students are provided with three types of help tools to deal 
with the questions and receive formative feedback after answering each question. Two of the help tools (i.e., binoculars and 
magnifying glass) are aimed at helping students locate the parts of the text that contain information relevant to answering the 
questions, whereas the lifebuoy intends to assist in identifying the question demands and the process required to answer them (see 
Fig. 2). Students can use the help tools at will, but it has a cost in points. 

As in the instructional phase, students receive feedback after answering each question. This feedback is presented in different 
modes. Firstly, the correct answer choice is indicated by a green tick; secondly, the relevant information for the question is highlighted 
in the text; and finally, students receive written elaborated and adaptive feedback (EF). It depends on their performance, the use of help 
tools, the time devoted to checking the relevant information after answering the question, and the strategies implemented (e.g., search 
the text). It also includes some advice on how to proceed with the following questions and acts as a motivational element (see Fig. 3). 

In both instructional and practice phases, students earn points with every correct answer which turn into stars at the end of each 
module. This feature seeks to maintain motivation and commitment to the task. 

2.2.2. Intervention materials 
Both training programs employed the same texts and the same questions, those which belonged to TuinLECweb. It used 14 texts 

containing narrative, expository and discontinuous texts (see Appendix). There were 92 questions about text content (23 textbase and 

Fig. 2. Screenshot of binoculars help used in a question.  
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79 situation model). One text with 10 questions was added to both modules 1 and 2 in the AutoLEC condition in order to match the 
time spent in each program. 

2.2.3. Assessment materials 
For the pretest and posttest we employed an adapted version of a Spanish standardized reading comprehension test, ECOMPLEC 

(León et al., 2012), which follows the current conceptual frameworks of reading literacy (OECD, 2018) and provides measures for the 
two levels of representation: textbase and situation model. It shows adequate validity and reliability indexes (Fisher’s z = 0.88). It 
contains one narrative text and one expositive text and 42 questions (22 narrative, 20 expository; 21 textbase, 21 situation model). The 
texts are available when answering the questions. 

2.3. 3. measures 

Regarding the use of the instructional components of the TuinLECweb intervention, we operationalize the variables as follows.  

- Total minutes in the intervention: Total minutes spent in the program.  
- Minutes in phase 1: Total minutes spent in the first four modules.  
- Minutes in phase 2: Total minutes spent in the last four modules.  
- Use of aids: Percentage of students that use at least one aid once.  
- Number of aids: Number of questions in which students used any of the aids.  
- Use of EF: Percentage of students that reviewed the EF at least once.  
- Number of EF review:s Numbers of questions in which the students decided to use the strategy of reviewing the feedback after 

answering. 

In AutoLEC, only the variables regarding time were computed. 
With respect to reading comprehension pretest and posttest, four measurements were computed: 
Textbase score: Percentage of correct answers in textbase questions of the comprehension test. 
Situation model score: Percentage of correct answers in situation model questions of the comprehension test. 
Textbase gain score: Textbase score in the postest minus textbase score in the pretest. 
Situation model gain score: Situation model score in the postest minus situation model score in the pretest. 

2.4. Procedure 

This study employed a pretest/posttest experimental design with a comparison group. Participants were randomly assigned to 
AutoLEC or TuinLECweb conditions within each class. The intervention comprised eight 50-min sessions which were carried out over 
approximately two months in the last trimester of the school year. Students followed the intervention on their computers twice a week 
in the lab, always in the presence of their teacher, as a part of their regular lessons. One week prior to the beginning of the training, the 
authors explained their participation in the study to the pupils and, assisted by the teachers, collected the pretest measures. Two weeks 
after finishing the program, the posttest measures were taken in the same way. 

Regarding the ethical commitment, we followed the guidance presented in the Research and Publication section of the Ethical 
Principles of Psychologists and Code of Conduct (APA, 2016). Before the training, we sent an informed consent form to all the families 
of sixth-grade students. Some parents requested more information on the study but only less than three percent of them refused to 
participate. At the end of the school year, we returned a brief report on the class performance to each teacher and to the school 
principal. 

Fig. 3. Different types of feedback presented in distinct modes.  
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2.5. Data analyses 

All the statistical analyses were conducted using the SPSS for Windows (version 26). 
In order to answer the research questions, we obtained descriptive results and performed a t-test. Since significant differences were 

found between conditions in the pretest and in the minutes spent in phase 1, we considered them as covariables in subsequent analysis. 
To address RQ1 we conducted two analyses: a three-way mixed analysis of covariance (ANCOVA) to analyze the change in both 
comprehension levels (textbase and situation model) after the interventions (TuinLEC and AutoLEC) and two one-way ANCOVA to 
analyze the differences between conditions in the posttest measures after adjusting for pretest measures. Bonferroni adjustment was 
applied to each of the separate ANOVA. With respect to RQ2, we computed a learning gain variable to perform correlation analyses. 

3. Results 

Table 2 reports the mean values and standard deviations of the variables by condition. 
Assumptions were met for each test. Unpaired Student’s t-tests showed that differences between conditions before the intervention 

were significant in the textbase score (p = .01) but not in the situation model score (p = .46), so students in the TuinLECweb group were 
better than students in AutoLEC at textbase questions but not at deep comprehension. Regarding the minutes spent in the programs, 
significant differences between conditions were found in the total minutes (p < .001) and in phase 1 (p < .001), but not in phase 2 (p =
.81). For that reason, we considered minutes in phase 1 in RQ1. 

3.1. Research question 1 

To examine whether students improve their scores after the interventions on the two levels of a text understanding, i.e., textbase 
and situation model, we conducted a three-way mixed ANCOVA, with condition (TuinLECweb, AutoLEC) as a between-participants 
variable, time (pretest, posttest) and question type (textbase, situation model) as within-participants variables, and minutes in 
phase 1 as covariate. Results showed a non significant main effect of time (F < 1, p = .75, η2

p = .001), and non-significant interaction 
effects between condition and time (F < 1, p = .80, η2

p = .001), condition and type of question (F (1, 128) = 1.27, p = .26, η2
p = .010), or 

type of question and time (F < 1, p = .36, η2
p = .01). However, there was a significant interaction effect between the time, the question 

type, and the condition, F (1, 128) = 8.63, p = .004, η2
p = .064 (see Fig. 4). Post hoc Bonferroni-corrected pairwise comparisons 

indicated that students in TuinLECweb condition improved their scores in situation model questions from pretest to posttest (p < .001, 
d = 0.451), whereas scores in textbase questions showed no significant differences between pretest and posttest (p = .88, d = 0.018). In 
contrast, students in AutoLEC significantly improved their scores in textbase questions from pretest to posttest (p = .03, d = 0.305), but 
not the scores of the situation model ones (p = .69, d = 0.052). The interaction of the covariate, minutes in phase 1, with the factor 
“time” (p = .50) and the factor “question type” (p = .50) was not significant, neither was the triple interaction (p = .53). 

Textbase questions Situation model questions. 
In order to analyze the differences between conditions in the posttest measures after adjusting for pretest measures, two ANCOVAs 

were conducted with condition as a between-participants variable, pretest score and minutes in phase 1 as covariates, and posttest 
score in each type of question as dependent variables. Results showed no significant differences in textbase questions’ scores between 
TuinLECweb and AutoLEC after the intervention, F (1, 127) = 0.30, p = .59, η2

p = .002. However, students in TuinLECweb condition 

Table 2 
Mean values and standard deviations for TuinLECweb (TW) and AutoLEC (AL) and mean contrast, by condition in all the measures.  

Measure TuinLECweb (n = 71) AutoLEC (n = 59) Range 

M (SD) M (SD) 

Score by type of question    
Textbase (pretest) 84.00 (9.41) 79.11 (12.32) 0–100 
Textbase (posttest) 84.25 (8.96) 81.99 (10.13) 0–100 
Situation model (pretest) 68.57 (10.55) 70.15 (13.92) 0–100 
Situation model (posttest) 73.69 (10.89) 70.66 (13.35) 0–100 
Textbase gain score 0.25 (10.54) 2.87 (11.03) 0–100 
Situation model gain score 5.12 (10.64) 0.51 (9.63) 0–100 
Students’ behaviour in the intervention    
Total minutes 209.79 (55.75) 165.04 (39.27) TW: 91.80–377.16 

AL: 101.67–291.17 
Minutes in phase 1 139.02 (45.75) 93.50 (27.42) TW: 29.18–261.76 

AL: 38.90–168.22 
Minutes in phase 2 70.77 (19.30) 71.54 (17.20) TW: 18.87–118.99 

AL: 42.90–130.57 
Use of aids 78,9% – 0–100% 
Number of aids 9.70 (12.20) – 0–56 
Use of EF 99% – 0–100% 
Number of EF reviews 8.21 (6.23) – 0–56 

Note. EF = Elaborated Feedback. 
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outperformed AutoLEC participants in the situation model questions after the intervention, F (1, 127) = 3.98, p = .048, η2
p = .031. The 

effect of the covariate, minutes in phase 1, was not significant in textbase (p = .14) or in situation model (p = .81) levels of 
comprehension. The covariate pretest score was significantly related to the posttest score in both, textbase (F (1, 126) = 31.05, p <
.001, η2

p = .198) and situation model (F = 90.57, p < .001, η2
p = .418). 

3.2. Research question 2 

As can be seen in Table 2, students spent more minutes in phase 1 of TuinLECweb (instructional phase) than in phase 1 of AutoLEC 
(autonomous practice), t(117.17) = 7.01, p < .001), but the minutes spent in phase 2 did not differ between interventions, t(128) =
− 0.24, p = .81. In addition, participants in TuinLECweb employed the aids in a few questions, although they used them at least once. 
The same occurred with the feedback: they reviewed it in a few questions, but almost all of them did so at least once. 

In order to examine whether the use of instructional components and resources of AutoLEC and TuinLECweb were related to 
learning gains in textbase and situation model, correlation analyses were performed (Table 3). No significant correlations were found 
between learning gains and minutes spent in the programs, either textbase or situation model level. Neither the aids nor the EF review 
was related to learning gains. 

4. Discussion 

4.1. General discussion 

This study had two objectives: to ascertain the efficacy of an intervention based on task-oriented reading strategy instruction 
provided by an ITS (TuinLECweb) comparing it to other computer-based instruction on question-answering practice, more similar to a 
traditional classroom instruction (AutoLEC), and to analyze students’ use of the instructional components and resources and their 
relationship to the students’ task-oriented reading outcomes. 

It is worth remembering that previous research had already proved the efficacy of TuinLECweb, since Serrano et al. (2018) used 

Fig. 4. Mean values for TuinLECweb (white) and AutoLEC (black) group in performance on the pretest and posttest (textbase questions on the left; 
situation model questions on the right). Error bars represent the 95% confidence interval for the means. 

Table 3 
Correlations between gain scores and use of instructional components and resources in both interventions.   

1 2 3 4 5 6 7 8 

Gain scores         
1. Textbase – .06 − .05 .22 – – – – 
2. Situation model .27* – − .11 − .04 – – – – 
Students’ behaviour in the intervention         
3. Minutes in phase 1 .15 .07 – .52** – – – – 
4. Minutes in phase 2 .07 .04 .36** – – – – – 
5. Use of aids − .02 − .06 .03 .15 – – – – 
6. Number of aids .07 − .08 .13 .27* .41** – – – 
7. Use of EF − .16 − .10 .07 .26* − .06 − .15 – – 
8. Number of EF reviews − .01 .04 .23* .34** .19 .22 .16 – 

Note. *p < .05, **p < .001. EF = Elaborated Feedback. Correlations for AutoLEC are to the right of and above the diagonal; correlations for Tuin
LECweb are to the left of and below the diagonal. 
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equivalent tests and observed an improvement in task-oriented reading skills. However, with this study, we have collected new evi
dence of its efficacy with an external reading comprehension test, which usually yields smaller effects than researcher-developed tests 
(Okkinga et al., 2018), and a bigger sample of sixth-graders. In this context, regarding the first research question (RQ1) about to what 
extent students improve their outcomes in textbase and situation model questions after the interventions, results show that both 
programs were effective, but reveal an opposite pattern in each condition. Thus, participants in TuinLECweb improved their scores in 
situation model but not in textbase questions, whereas in AutoLEC the opposite occurred. Moreover, training with TuinLECweb was 
effective for deep comprehension even when the time spent in the program was controlled. It is not striking that practicing 
question-answering with corrective feedback (KR y KCR) improves students’ reading skills as long as the materials are appropriate 
(Llorens et al., 2015; National Reading Panel, 2000). However, strategy-based instruction is more effective for improving skills needed 
to answer questions that demand deep comprehension (i.e., situation model questions) than just practicing question-answering with 
feedback, even if this activity is carried out on a computer. Teaching and showing strategies for building a mental scheme of the text 
contents, examining the question demands, self-regulating the search process, and the search decision seems to especially benefit high 
level questions. 

This result is in line with previous research on reading comprehension that highlights the relevance of strategy and explicit in
struction for inferential questions. For example, Joseph et al. (2021) point out the necessity of explicit instruction for students with 
intellectual disabilities to adquiere complex reading skills. Similarly, Magliano et al. (2005) observed improvements only on inferential 
questions after reading strategy training. In addition, more than 30 years ago, Raphael and McKinney (1983) already found that 
strategy instruction on sources of information for answering questions improved scores on inferential questions, but just giving some 
guidance was enough for improving scores in explicit questions. This effect may be explained by the fact that TuinLECweb is designed 
to improve the skills required to answer questions that demand this level of comprehension, but also emphasises that explicit teaching 
and strategy instruction is more relevant for making inferences than for identifying explicit information (Ellman, 2017; Hall et al., 
2020), also in task-oriented reading scenarios. Literal questions are easy to answer since the information required is in the text, 
however, inferential questions imply readers’ knowledge. Therefore, whereas passive processes are usually enough for constructing a 
superficial representation of the text, building a situation model often demands reader-initiated processes, which are mainly strategic 
and require time and effort on the part of the reader (van den Broek & Helder, 2017). 

In regard to the fact that students in TuinLECweb did not improve their scores in the textbase questions, it might be that, since they 
already exhibited good skills to locate information and have a good performance in the pretest, they had less room for improvement, as 
in Magliano’s studies (2005). 

To sum up, ITSs, like TuinLECweb, arise as promising tools to train task-oriented reading skills as they allow individualized strategy 
instruction and may support readers’ efforts to deal with complex tasks. However, teachers need to be cautious, since using a computer 
to merely transpose texts and questions is not enough for training deep reading comprehension, and can even be detrimental if it is only 
used for presenting texts (Baron, 2021). 

Regarding our second aim, we address students’ behaviour in relation to the use of instructional components and resources of the 
programs (RQ2). In both interventions, neither minutes, nor using the aids or reviewing the feedback is related to reading learning 
gains. Regarding time spent in the program, although study-time usually relates to achievement, this relationship is far from linear 
(Godwin et al., 2021). It might be that the key is not time per se, but the students’ skills and engagement and their mental activity 
during the time in the instruction (Naumann & Goldhammer, 2017). In our study, the minutes variable is a “black box” as it may 
provide similar information for different students’ behaviours. For example, it does not discriminate between students who are more 
involved in the use of the program and those who have more trouble decoding. In other words, these results do not allow us to reach a 
single interpretation of the role of time. 

With respect to the use of feedback and aids, the results indicate that students make limited use of these resources, which, in turn, 
do not relate to their learning gains. These findings reinforce some of the acknowledged results in the current literature regarding 
feedback processing and the seeking of help. Thus, Golke et al. (2015) suggest that when EF messages include KR and KCR feedback, 
students do not actively engage in processing the message, but focus their attention on the corrective components of the feedback. In 
addition, students usually struggle to identify when they need help, leading them not to seek help when they would need it (Aleven 
et al., 2003; Aleven & Koedinger, 2000). It is essential to keep these aspects in mind when developing computer-based interventions, 
especially if they are aimed at young learners who have not yet developed adequate self-regulation skills. 

5. Conclusions and educational implications 

Two main conclusions may arise from this study. First, the results confirm that just practicing question-answering with corrective 
feedback is an aid that fosters reading comprehension (National Reading Panel, 2000), but only for a surface level. AutoLEC represents 
this kind of training. In this case, autonomous practice with feedback has an impact. 

However, in order to improve deep comprehension, just this former intervention is not enough. This would be the second 
conclusion. Explicit strategy instruction seems necessary for students to acquire the skills necessary to address high level questions in 
task-oriented reading situations (Afflerbach et al., 2020, pp. 98–118; Filderman et al., 2021). Obviously, receiving explicit instruction 
and guided practice requires more time than just practicing question-answering. However, this study confirms that receiving strategy 
instruction is effective to improve deep comprehension. 

The results of this piece of research also point out the potentialities of computer-based instruction; however, participants’ limited 
use of TuinLECweb instructional resources (i.e., use of aids and feedback review) also highlights the crucial role of students’ self- 
regulation and metacognitive skills in order to benefit from an ITS. Therefore, students should be aware and willing to take 
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advantage of strategy instruction and the aids provided when fostering reading comprehension. Hence, the first educational impli
cation of this study is that explicit instruction of strategies should be a core element when designing an ITS. Thus, other ITSs aimed at 
teaching strategies in the field of reading comprehension yield similar results (Johnson-Glenberg, 2005, 2007; McNamara et al., 2006; 
Wijekumar et al., 2012, 2017). 

A second educational implication is that it is important that instructors explain the role of the instructional phase and motivate 
students in order to benefit from the whole potential of TuinLECweb. In fact, TuinLECweb’s promising results do not neglect the 
essential role of the teacher in the classroom. Personalised human instruction seems to obtain better results than computer tutoring 
(Jamshidifarsani et al., 2019; Xu et al., 2019), but TuinLECweb can be a way to complement it when the teacher is not available, 
working with a specific student or in distance learning caused by the pandemic situation. With respect to this, it is also worth 
mentioning that children at this age usually prefer to read on a screen, although their reading performance is better using paper (Baron, 
2021), so teachers are also encouraged to use print texts, especially for long readings, and to complement this with a training in 
task-oriented reading with ITSs like TuiLECweb. 

Third, another educational implication is that the materials selected were appropriate, providing an optimal challenge (since no 
floor or ceiling effects were found). Therefore, the results suggest that it is important for teachers when working on reading 
comprehension in their classrooms, with or without computers, to select an extensive volume and range of good texts that are 
representative of real-life reading situations and pose high-level questions (Ortega-Sánchez et al., 2019; Purcell-Gates et al., 2007; 
Rojas et al., 2019; Sepúlveda et al., 2020). 

5.1. Limitations and future research 

This piece of research has collected interesting results, but some cautions must be considered. 
First, we have explored if some of the instructional components of TuinLECweb are related to posttest scores in comparison to 

AutoLEC, but in order to know exactly which one is more important for reading comprehension, an experimental study with several 
conditions contrasting the impact of each of the components should be carried out (Martin et al., 2007; Okkinga et al., 2018). 
Moreover, it would be interesting to collect online measures that allow us to ascertain students’ cognitive and metacognitive processes 
as well as to explore how readers are using the instructional components and resources. 

Second, the fact that we employed the same test for the pretest and the posttest to try to get a real measure of improvement, but 
which might raise the “learning effect”. However, no feedback was administered to the students, so they did not know the correct 
answers. Moreover, Serrano et al. (2018) used three equivalent tests and observed an improvement compared to a pen and paper 
intervention. Although we have some reasons to consider that such an undesirable effect did not play a relevant role, still we consider 
that future studies might provide data to overcome doubts on this issue. 

Third, although we have employed a bigger sample than in previous studies, we did not have enough participants to carry out a 
mixed model analysis to cast more light on the role of the reading instruction carried out by teachers in each school. Further studies 
should address this issue and explore how ITS results can be boosted by human instruction (ter Beek et al., 2018). 

Although this study has some limitations, the enquiry performed here collects new evidence supporting the efficacy of evidence- 
based and theoretically grounded ITSs and raises interesting further research regarding how technology can be used to promote deep 
comprehension in task-oriented reading. 
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Ponce, H. R., López, M. J., & Mayer, R. E. (2012). Instructional effectiveness of a computer-supported program for teaching reading comprehension strategies. 

Computers & Education, 59, 1170–1183. https://doi.org/10.1016/j.compedu.2012.05.013 
Purcell-Gates, V., Duke, N. K., & Martineau, J. A. (2007). Learning to read and write genre- specific text: Roles of authentic experience and explicit teaching. Reading 

Research Quarterly, 42(1), 8–45. https://doi.org/10.1598/RRQ.42.1.1 
Raphael, T., Au, K. H., & QAR. (2005). Enhancing comprehension and test taking across grades and content areas. The Reading Teacher, 59(3), 206–221. https://do. 

orgi/10.1598/RT.59.3.1. 
Raphael, T., & McKinney, J. (1983). An examination of fifth- and eighth-grade children’s question-answering behavior: An instructional study in metacognition. 

Journal of Reading Behavior, 15, 67–86. 
Rojas, S. P., Meneses, A., & Sánchez, E. (2019). Teachers’ scaffolding science reading comprehension in low-income schools: How to improve achievement in science. 

International Journal of Science Education, 41(13), 1827–1847. https://doi.org/10.1080/09500693.2019.1641855 
Rosenshine, B., & Meister, C. (1994). Reciprocal teaching: A review of the research. Review of Educational Research, 64, 479–530. https://doi.org/10.3102/ 

00346543064004479 
Rouet, J.-F. (2006). The skills of document use: From text comprehension to web-based learning. Lawrence Erlbaum.  
Rouet, J.-F., & Coutelet, B. (2008). The acquisition of document search strategies in grade school students. Applied Cognitive Psychology, 22(3), 389–406. https://doi. 

org/10.1002/acp.1415 
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