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Abstract—This study examines how the Boukili app enhances 

fourth-grade Moroccan students’ French reading skills. 

Improving French proficiency is vital in Morocco because 

French remains a key language of higher education, commerce, 

and administration. The study employed a quasiexperimental 

design with an experimental group (n = 33) using Boukili—an 

interactive application with illustrated stories—and a control 

group (n = 35) following traditional methods per textbook. The 

intervention lasted 6 weeks. Both groups underwent pre- and 

post-test assessments on word decoding and reading 

comprehension skills. Statistical analyses were conducted using 

the Mann–Whitney U test and Student’s t-test to compare the 

learning outcomes between the groups. Notably, integrating the 

Boukili app into the framework significantly improved word 

decoding skills and specific reading comprehension aspects, 

especially literal and inferential comprehension, in the 

experimental group, compared with the control group. Thus, 

appropriately incorporating digital tools such as Boukili into 

reading instruction can positively impact students’ reading 

abilities. 
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I. INTRODUCTION  

Reading proficiency is a fundamental foundation for 

academic success, particularly fourth grade onward, when 

students transition from learning to read to reading to 

learn [1]. At this stage, insufficient reading ability limits 

learning in content areas requiring comprehension of written 

information. In Morocco, this challenge is compounded by 

the continued dominance of French as the primary medium of 

instruction in scientific and academic fields [2, 3]. 

International assessments such as PIRLS 2021 [4] have 

consistently noted critical gaps in French reading skills 

among Moroccan students, emphasizing the urgent need for 

effective and targeted pedagogical interventions [2, 5, 6]. 

Recent advances in digital learning indicate that 

technology can enhance reading instruction; however, 

research on digital reading tools in Moroccan primary 

classrooms remains scarce. Most research has focused on 

linguistic and instructional issues rather than 

technology-based interventions, and there is minimal 

evidence that assist practitioners in understanding how 

mobile applications support decoding or comprehension at 

the elementary level. This limited data is compounded by 

documented systemic weaknesses, including weak digital 

literacy policies, inadequate digital readiness among 

teachers, and typical difficulties in successfully integrating 

technology into daily classroom instruction [7]. 

Although Boukili is an existing digital reading application, 

this study advances previous research in remarkable ways. 

First, it examines the use of a mobile reading tool in a 

Moroccan public primary school setting where French is the 

second language and learners’ exposure to it outside the 

classroom is limited. Second, instead of treating reading as a 

single outcome, the study explicitly distinguishes between 

word decoding and multiple facets of reading 

comprehension. Furthermore, by employing parametric and 

nonparametric statistical analyses, the research comprehends 

the specific reading skills enhanced through 

technology-supported practice and those that require 

additional instructional support. 

Concurrently, this study investigates whether 

incorporating Boukili can enhance French reading 

competencies among fourth-grade learners. It specifically 

examines decoding and reading comprehension and 

compares the outcomes between a technology-supported 

intervention and traditional instruction. Therefore, the 

guiding research question is as follows: 

To what extent does the integration of the Boukili app 

improve decoding and reading comprehension skills among 

fourth-grade students compared with conventional teaching 

methods? 

Accordingly, we formulated the following two hypotheses: 

⚫ H1: Students in the experimental group using Boukili will 

demonstrate significantly greater improvement in word 

decoding than those in the control group. 

⚫ H2: Students in the experimental group will demonstrate 

significantly greater improvement in reading 

comprehension than those in the control group. 

II. LITERATURE REVIEW 

A. Theoretical Framework 

The theoretical framework of the study combines the 

Simple View of Reading (SVR) [8], treating reading 

comprehension as the product of decoding and linguistic 

comprehension, with dual coding theory [9], underscoring 

the benefits of verbally and visually processing information. 

The multimedia format of Boukili draws on these principles 

for enhancing learning outcomes. Additionally, 

mobile-assisted language learning [10] supports the use of 

mobile technology for increased engagement and autonomy 

in French language education in Morocco. Overall, these 

frameworks justify the expected improvements in reading 

skills for the experimental group. 

B. Reading’s Foundational Role 

Reading is crucial in early education for shaping young 
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learners’ academic and personal development. In early 

school years, building strong reading skills is essential for 

excelling in class and helping children cultivate their 

thinking, language, and social-emotional abilities. Literacy 

and language begin developing long before formal schooling, 

with early exposure to books, storytelling, and verbal 

interaction playing a significant role in foundational 

development [11]. Research indicates that emergent literacy 

skills—phonological awareness, vocabulary, and narrative 

abilities—develop during preschool and kindergarten, 

establishing a foundation for future reading proficiency [12]. 

These early abilities provide children with necessary tools to 

succeed in reading and academics [13]. From kindergarten to 

second grade, children primarily engage in the “learning to 

read” phase, developing critical skills such as decoding, word 

recognition, and basic comprehension. These skills predict 

later academic achievement and are strongly correlated with 

reading motivation and overall confidence in learning 

tasks [14]. By third grade, reading tasks become more 

complex, and students should demonstrate greater 

independence in their reading. This year is a critical 

benchmark, considering third-grade reading proficiency 

strongly predicts high school graduation and long-term 

academic success [15]. 

C. Dual Reading Components 

Reading skills must be developed and improved through 

practice. Furthermore, reading improves learners’ 

vocabulary, reading comprehension, and critical thinking. 

Reading is understanding, but it is necessary to “exercise the 

mechanisms that allow comprehension, and first and 

foremost decoding” [16]. Thus, reading has two components: 

identifying and understanding written words. 

Decoding and linguistic comprehension function 

independently and are crucial for understanding information. 

Struggling readers may experience comprehension 

difficulties because of weaknesses in either decoding or 

language skills, underscoring the relevance of both skills for 

successful reading [17]. Understanding a text goes beyond 

merely pronouncing the words; decoding a text is insufficient 

to grasp its meaning. Comprehension is only achieved when 

effective decoding is reached [18–20]. Considering the 

vitality of these foundational skills, early learning is 

essential. The primary responsibility for ensuring that 

children learn to decode letters accurately at a young age rests 

with parents and educators [21]. 

D. Role of Digital Tools in Reading Instruction 

Owing to the increasing digitalization of reading materials, 

teachers must seek tools to teach reading in the new digital 

era. Technology offers valuable opportunities to enrich 

students’ learning environments and personalize instruction. 

The digital revolution has fundamentally reshaped how 

students read, write, and access information [22]. 

Mobile technology, such as apps and iPads, offers 

interactive and engaging educational experiences that can 

enhance language learning in K-12 classrooms by enabling 

personalized learning addressing individual needs [23]. 

Specifically, mobile apps improve second-language reading 

comprehension and increase learner motivation [24]. These 

apps positively influence how foreign language learners 

acquire reading skills, with students often reporting positive 

attitudes and increased enthusiasm [25]. Furthermore, 

assistive reading tools equipped with read-aloud technology 

enhance comprehension, particularly among children with 

reading difficulties [26]. 

However, the effectiveness of digital tools is not 

universally established and is contextual, underscoring key 

areas of convergence and divergence within the research. 

Positive relationships are observed when students engage 

with digital devices for broad reading projects, with students 

often enjoying online reading tasks more than traditional 

lessons, yielding better knowledge acquisition [27]. 

Conversely, when digital activities focus solely on specific 

skills, such as vocabulary practice, the impact can be 

negative. Frequent use of digital devices in language arts 

classrooms is associated with lower overall scores on reading 

comprehension tests [28]. Despite mixed findings regarding 

certain skill-specific activities, digital technologies 

effectively enhance reading and writing skills, although  

this necessitates improved teacher training for optimal 

integration [29]. 

These digital tools can effectively help fourth-grade 

students learn French as a second language, particularly those 

requiring additional support to facilitate reading fluency or 

comprehension. This study contributes to literature by 

examining the effect of a specific digital reading application, 

Boukili, on the reading skills of Moroccan fourth-grade 

students. 

E. Indispensable Role of the Educator 

Effective instruction depends on the intentional guidance 

of a skilled teacher. Technology can help students practice 

basic skills but cannot replace the pivotal role of an 

educator [30, 31]. Deliberate and thoughtful teaching 

essentially develops complex literacy skills such as reading 

comprehension, requiring background knowledge, strong 

vocabulary, and verbal reasoning. Teachers support students 

in building these skills by using high-impact teaching 

strategies [32, 33]. 

III. METHOD 

A. Participants 

We conducted this study in an urban elementary school in 

Salé among 68 fourth-grade students: 33 and 35 in the 

experimental and control classes, respectively. The data was 

processed using SPSS to generate frequency and percentage 

tables as part of the descriptive statistical analysis. Tables 1 

and 2 present the demographic details of the participants. 
 

Table 1. Gender distribution 

Gender 
Control group Experimental group 

Frequency % Frequency % 

Male 17 48.57 15 45.45 

Female 18 51.43 18 54.55 

Total 35 100.00 33 100.00 

 

Table 2. Age distribution 

Age (years) 
Control group Experimental group 

Frequency % Frequency % 

9 2 5.71 4 11.43 

10 29 82.86 26 74.29 

11 4 11.43 1 2.86 

13 - - 1 2.86 

14 - - 1 2.86 

Total 33 100.00 35 100.00 
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B. Research Design

A pre-/post-test design was used to examine the effect of a

technology-supported reading intervention on decoding and 

reading comprehension skills. The experimental group used 

digital reading materials and structured technological tools to 

improve reading practice, whereas the control group 

followed the standard textbook-based instruction in the 

French curriculum of the school. Both groups received 

instruction during the same period covering the same lesson 

objectives to ensure instructional consistency except the 

intervention method. 

C. Instruments

A researcher-developed analytic rubric was used to

evaluate students’ decoding and reading comprehension 

performance across eight indicators (C1–C8) covering two 

main areas: word decoding/fluency (C1–C4) and reading 

comprehension (C5–C8) and were assessed using a five-point 

criterion-referenced scale, ranging from 1 (minimal 

acquisition) to 5 (mastery). The same reading tasks and rubric 

were administered as pre- and post-tests to measure progress 

over the intervention period. The analytic structure of the 

rubric examined specific reading subskills, targeted by the 

technological intervention, in detail. 

Higher rubric scores reflected independent and accurate 

decoding, fluent pacing with appropriate phrasing, and 

successful literal and inferential comprehension, whereas 

lower scores were linked to frequent decoding errors, 

disrupted fluency, and partial or inaccurate understanding. To 

ensure consistent score interpretation across diverse learners 

and testing occasions, performance levels were linked to 

observable reading behaviors. 

1) Description of Boukili

Boukili is an educational app offering stories appearing as

text on screen with illustrations. The app runs on desktops, 

tablets, and mobile devices and allows easier access for 

children. Choosing Boukili was guided by the need for a 

mobile app that could effectively promote students’ French 

reading habits while encouraging parental involvement 

(Fig. 1). 

Fig. 1. Boukili app interface. 

The platform offers several reading modes that meet 

different learner needs. In narration mode, students click an 

ear icon to listen to the text (Fig. 2). Repeated exposure to 

spoken language supports vocabulary growth and reading 

fluency. Solo mode allows students to read the text on their 

own, developing independence in reading. In voice-recording 

mode, students verbally read the text and record themselves. 

Students must ensure the recording is clear and audible. The 

platform allows students to repeat the task multiple times to 

improve accuracy and expression. 

Fig. 2. Screenshot of the reading modes. 

The app interface provides a dashboard for teachers that 

creates individual student profiles, assigns books to read, and 

registers each student’s reading recordings. Additionally, it 

comprises a student section where learners can access their 

password-protected profiles. An avatar allows students to 

customize and dress up, making the activity more enjoyable. 

After completing the necessary readings, the application 

presents quizzes to reinforce what the learners have learned. 

These repetitive exercises help learners actively retain new 

vocabulary and equip them to apply their knowledge across 

different contexts. As they read and progress, children travel 

to other countries or unlock games or accessories for their 

characters. 

2) Development, alignment, and limitations of the

assessment rubric

The authors developed the reading assessment rubric 

employed herein, representing a methodological limitation 

despite thorough piloting and reliability testing. Unlike 

standardized reading assessments, the rubric has not 

undergone extensive validation; consequently, findings 

should be interpreted with caution, particularly regarding 

their generalizability beyond the specific context of the study. 

Therefore, the rubric was grounded in established reading 

constructs, assessing decoding accuracy, fluency, and 

comprehension for elementary French reading instruction. 

The analytic structure of the rubric reflects subskill-based 

scoring approaches frequently used in elementary reading 

assessment, wherein distinct reading components are 

evaluated separately rather than via a single composite score. 

The rubric was piloted over 1 week with 12 fourth graders 

before the main study for clarity, developmental 

appropriateness, and descriptor functionality for each 

performance level. During the pilot, responses were scored 

with an early version of the rubric, revealing ambiguous 

descriptors and the need for refinement, particularly in 

decoding accuracy, fluency, and inference. Exemplar 

responses were created for consistency in scoring pre- and 

post-tests. 

3) Inter-rater reliability procedures

To ensure the reliability of the assessment tool, inter-rater

reliability was assessed after the piloting phase (over 1 

week). Approximately 25% of the pilot sample was 
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independently scored by the researcher and a trained French 

literacy teacher using the revised rubric. Inter-rater reliability 

was assessed with Cohen’s kappa coefficient, yielding κ = 

0.82, indicating strong agreement between raters. 

Discrepancies were collaboratively discussed to improve 

descriptor interpretation and establish shared scoring 

standards. Therefore, a scoring guide with example responses 

was finalized and used throughout the study to ensure 

consistent and unbiased scoring across learners and testing 

occasions. Cohen’s kappa was chosen because the analytic 

rubric evaluates multiple distinct performance areas rather 

than a single overall dimension, making inter-rater agreement 

the most appropriate measure of scoring reliability for this 

type of assessment. 

D. Intervention Procedure 

The intervention involved using Boukili during regular 

reading lessons for the experimental group over 6 weeks. 

Students accessed the app through individual accounts. Each 

week, students completed two texts that aligned with the 

curricular theme and their reading level. Sessions were held 

four times per week (approximately 100 min total) and 

combined supervised practice in class with independent 

reading outside of class. When individual devices were 

unavailable, students worked in pairs. Technical support and 

introductory guidance were provided during the 1st week to 

familiarize students with platform functions. Activities 

matched the reading modes of the app, including narration, 

individual reading, and voice-recording features. These 

options offered opportunities for repeated exposure, oral 

practice, and self-monitoring. The comprehension questions 

embedded in the platform were answered toward the end of 

each reading session. The control group received no 

additional instructional support beyond the standard 

curriculum and continued with textbook-based reading 

instruction provided by the same teacher. 

E. Treatment 

Students took pre- and post-tests to investigate the impact 

of using technology on their reading abilities. The pre- and 

post-test reading passage, titled “La forêt,” was opted from 

the official fourth-grade French language textbook used in 

Moroccan public schools. The text comprised information 

about forests, including their usefulness to humans and 

animals, their ecological functions, and elements 

predominantly found in natural forest environments. This 

grade-appropriate authentic text served as the reading support 

for both testing occasions. 

Students read the passage and answered specific questions 

to assess their reading skills. This step provided insight into 

the classroom environment before introducing the 

technology. The questions were concise and closed-ended. 

The assessment covered two domains—word decoding 

and reading comprehension—each divided into subtests. 

word decoding comprised syllable reading, word reading, 

reading aloud fluently, and considering 

punctuation/linking/intonation. 

The reading comprehension domain comprised 

illustrations to find test meaning, understanding significant 

text elements, identifying general themes with known words, 

and identifying with characters/making links. We employed a 

grid containing the targeted reading skills, divided into eight 

distinct indicators (C1–C8) and detailed in Table 3: 
 

Table 3. Reading assessment indicators (The rubric) 

Skill Area Code Competency Description 

Word Decoding 

and Fluency 

C1 Read Syllables Correctly 

C2 Decode Words Without Error 

C3 Read Aloud Fluently 

C4 
Utilize Punctuation, Linking, and 

Intonation 

Reading 

Comprehension 

C5 Use Illustrations to Find Text Elements 

C6 
Understand Significant Text Elements 

(Characters, Plot, and Setting) 

C7 
Identify General Theme Using Known 

Words 

C8 
Identify with Characters and Make 

Personal Connections 

 

The pre- and post-test gradings were conducted using a 

five-point, criterion-referenced scale designed to measure the 

acquisition level for each competency. This scale ranged 

from 1 (Minimal Acquisition) to 5 (Mastery). The evaluation 

rubric and specific scoring criteria (Table 4) were developed 

exclusively for this study by the primary investigator. This 

methodological approach—using researcher-constructed 

measures to capture intervention-specific gains—is 

frequently employed in reading intervention research [34]. 

These tailored scales help researchers assess the real gains of 

students and provide insights that standardized tests might 

miss [35]. 
 

Table 4. General scoring criteria for the five-point scale 

Score 
Acquisition 

Level 
General Performance Description 

5 Mastery (M) 

Consistently accurate, independent, and highly 

expressive performance; demonstrates 

immediate and deep understanding 

4 Proficient (P) 

Generally accurate with minor, occasional 

hesitations or errors (1 or 2 per 100 words), 

successfully self-corrected 

3 Developing (D) 

Performance is inconsistent; frequent hesitation 

or moderate errors (3–5 per 100 words), often 

requiring focused decoding or content 

prompting 

2 Emerging (E) 

Performance is laborious and disconnected; 

frequent and sustained errors impede meaning, 

requiring significant support 

1 
Minimal 

Acquisition (A) 

Cannot perform the competency reliably; relies 

entirely on the assessor or fails to engage with 

the task 

 

This table defines the acquisition level corresponding to 

each score on the five-point scale, universally applied across 

all eight indicators (C1–C8). This scale follows standard 

assessment practices. We used this analytic rubric, defining 

five performance levels from “Minimal Acquisition” to 

“Mastery,” because this approach is strongly supported by 

foundational literature on effective rubric design for 

educational assessment [36]. Moreover, the specific 

descriptions in the table, focusing on quantifying 

performance elements such as hesitations, number of errors 

(1 or 2 per 100 words), and quality of expressive 

performance, directly align our instrument with the 

established criteria for a reliable, multicomponent reading 

fluency assessment [37]. This alignment ensures the scale is 

sensitive to the exact reading skills targeted by the 

intervention. 

Exemplar student responses for each performance level 

were developed during piloting and used as scoring anchors 

to improve scoring transparency. For instance, a 
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mastery-level comprehension response accurately recalled 

key details and justified an inference, whereas an 

emerging-level response showed partial recall with an 

unsupported or incorrect interpretation. These exemplars 

supported consistent application of the rubric across 

indicators and testing occasions. 

F. Statistical Analysis 

To differentiate between the experimental and control 

groups and how they change over time, parametric and 

nonparametric analyses were conducted to boost confidence 

in the results. Initially, Levene’s test was used to verify the 

assumption of equal variances. Because the scores were 

based on a five-point analytic scoring scale—although 

previous research often treats such combined rubric scores as 

roughly interval-level data in group 

comparisons—independent samples t-tests were used to 

compare post-test performance between groups and paired 

samples t-tests were used to assess within-group 

improvement from pre- to post-test. 

Considering the scale is technically ordinal and some 

assumptions were not completely met, the Mann-Whitney U 

test was employed to ensure the robustness of the findings, 

particularly when assumptions such as homogeneity of 

variance were violated [38, 39]. Finally, effect size indices 

were used to measure the strength of differences and 

supplement significance tests. 

IV. RESULTS 

A. Pretest Results 

Before the intervention, no significant differences were 

observed between the experimental and control groups for 

most skills (C1–C8). Tables 5 and 6 present the pretest results 

for all skills for the control and experimental groups, 

respectively. 

The results of the independent samples t-test for the pretest 

revealed no significant differences in the assessed skills 

between the control and experimental groups. Levene’s test 

of equality of variances was insignificant; thus, the t-test for 

samples was applied. All p-values (Sig. two-tailed) 

were >0.05, indicating that the mean differences in pretest 

scores across all skills were negligible and the two groups 

had comparable initial levels before the intervention 

(Appendix A, Table A1). 
 

 

 
   

      

       

 
      

       

 

 

 
   

      

       

 
      

       

 

  

 

improvements in various skills, particularly in word decoding 

of the experimental group (C1–C4). Tables 7 and 8 

demonstrate post-test results for the control and experimental 

groups, respectively. 

Independent samples t-tests indicated that skills C1–C4 

demonstrated significant improvements in the experimental 

group compared with the control group, with p < 0.05, 

indicating a positive effect on word decoding skills 

(Appendix A, Table A2). 

For reading comprehension skills (C5–C8), only skill C7 

(identifying the general theme) showed a significant 

difference between the two groups, whereas C5, C6, and C8 

did not show statistically significant improvements. 
 

Table 7. Post-test results (Control group) 

Skills 
Male Female Total 

Sum Mean Sum Mean Sum Mean 

Word Decoding 171.00 10.06 161.00 8.94 332.00 9.49 

Reading Comprehension 101.00 5.94 97.00 5.39 198.00 5.66 

Total Score 272.00 16.00 258.00 14.33 530.00 15.14 

 

C. Nonparametric Analysis 

Because heterogeneity of variance was detected in two 

comprehension skills (C7 and C8), Mann-Whitney U test was 

performed to validate the t-test findings. The analysis 

indicated a statistically significant difference solely for skill 

C7, with U = 710.00 and p = 0.031, demonstrating higher 

ranks for the experimental group, substantiating that the 

Boukili intervention notably enhanced students’ capacity to 

identify the global theme of a text. 

Skill C8, pertaining to personal identification with 

characters or correlating the text to personal experience, did 

not exhibit a statistically significant difference (p > 0.05), 

corroborating the t-test results. The nonparametric analysis 

concludes that only C7 experienced a comprehension benefit 

attributable to the intervention. 
 

Table 8. Post-test results (Experimental group) 

Skills 
Male Female Total 

Sum Mean Sum Mean Sum Mean 

Word Decoding 148.00 9.87 245.00 13.61 393.00 11.91 

Reading Comprehension 89.00 5.93 128.00 7.11 217.00 6.58 

Total Score 237.00 15.80 373.00 20.72 610.00 18.48 
 

D. Paired Samples T-tests 

The paired samples t-tests revealed significant 

improvements in the experimental group for all skills 

(C1–C8), confirming that using Boukili helped students 

enhance their performance from pre- to post-test. Indeed, the 

sample pairs for the test comprise the grades for each skill in 

the pre- and post-tests (Appendix A, Table A3). 

V. DISCUSSION 

Digital tools such as Boukili enhance word decoding skills 

(C1–C4) in fourth-grade students. These  findings align with 

previous research demonstrating that interactive technologies 

improve reading performance through engaging and 

repetitive activities [24, 27–29]. Using Boukili enabled 

students to strengthen these skills through regular practice 

and immediate feedback, consistent with literature [33] on 

the impacts of tablets in elementary schools. 

In contrast, the effectiveness of technology on reading 

comprehension skills (C5–C8) was limited, except for C7 
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Table 5. Pretest results (Control group)

Skills
Male Female Total

Sum Mean Sum Mean Sum Mean

Word Decoding 147.00 8.65 137.00 7.61 284.00 8.11

Reading 

Comprehension
88.00 5.18 85.00 4.72 173.00 4.94

Total Score 235.00 13.82 222.00 12.33 457.00 13.06

Table 6. Pretest results (Experimental group)

Skills
Male Female Total

Sum Mean Sum Mean Sum Mean

Word Decoding 100.00 6.67 180.00 10.00 280.00 8.48

Reading 

Comprehension
68.00 4.53 90.00 5.00 158.00 4.79

Total Score 168.00 11.20 270.00 15.00 438.00 13.27

B. Post-Test Results

After the intervention, results indicated significant 



  

(identifying the general theme). This pattern of results can be 

meaningfully interpreted through the SVR, conceptualizing 

reading comprehension as the product of decoding and 

linguistic comprehension (RC = D × LC) [40, 41]. 

Accordingly, successful reading requires accurate and fluent 

word recognition and the ability to understand and integrate 

language meaning [40, 41]. 

Herein, Boukili strengthened the decoding component (D), 

as reflected in gains on C1–C4, but provided fewer 

opportunities to develop LC processes, such as vocabulary 

expansion, activation of prior knowledge, and inferential 

reasoning. Consequently, the intervention addressed only one 

comprehension component. This interpretation aligns with 

review evidence indicating that mobile literacy applications 

often focus on word-level processing rather than supporting 

higher-level comprehension [24]. This imbalance between D 

and LC explains why more complex comprehension skills 

did not significantly improve compared with the control 

group. Although repetitive digital practice supports 

automaticity in word recognition, it does not foster the 

higher-order comprehension abilities, typically requiring 

interaction, guided questioning, and contextualized 

discussion, on its own [32]. 

From a pedagogical perspective, these findings indicate 

that digital tools such as Boukili are most effective when used 

to support decoding practice, while teacher-led instruction 

helps develop higher-order comprehension skills. In 

classroom practice, teachers can combine app-based 

decoding activities with guided discussions, vocabulary 

instruction, and inferential questioning using the same texts. 

This approach allows technology to reinforce foundational 

skills while teachers scaffold the meaning-making processes 

essential for reading comprehension. 

These findings align with a previous study [42], which 

stressed that comprehension involves advanced cognitive 

processes, such as interpreting meaning and engaging in 

critical analysis. This converges with a previous study [43], 

which confirms weak performance in reading comprehension 

skills among Arabic learners. 

Overall, digital tools should be incorporated into a broader 

educational framework wherein teachers are key figures, 

providing the linguistic and strategic support that is not 

sufficiently developed through app-based work alone. This 

interpretation aligns with recent reviews demonstrating that 

mobile literacy apps tend to improve decoding more 

consistently than language comprehension [24, 27, 44]. 

Herein, digital interventions focused primarily on decoding 

requirements in combination with explicit, teacher-led work 

on meaning-making if broader gains are to be achieved in 

reading comprehension, a conclusion consistent with review 

evidence on mobile literacy apps [24]. 

Overall, these findings contribute to the broader field by 

demonstrating how digital reading interventions impact 

different literary aspects. Most research notes overall gains in 

reading ability but rarely differentiates decoding from 

comprehension. Herein, technology-supported programs can 

improve foundational skills while requiring teacher-led 

instruction to develop deeper comprehension. This 

distinction clarifies the evidence and emphasizes the 

relevance of integrated teaching models wherein digital tools 

support—rather than replace—meaning-focused instructions, 

particularly by targeting the LC component highlighted in the 

SVR. 

Finally, using Boukili stimulated students’ motivation to 

read, a common effect observed in interactive environments. 

In the literature [45], digital platforms offering virtual 

rewards and playful elements increase students’ intrinsic 

motivation to engage in their activities. Such increases in 

motivation are particularly relevant to the literature [46], 

demonstrating that digital resources with gamified features 

enhance motivation and help overcome learning difficulties. 

Although technology has shown positive results, this study 

reaffirms the relevance of human intervention in reading 

instruction. The literature [47] underscored that technology 

cannot replace teachers, particularly in complex skills such as 

reading comprehension. A balanced approach that combines 

technology with teacher involvement is, to our knowledge, 

the most effective way to maximize reading outcomes.  

The primary limitation of this study is its small sample size 

(N = 68, including 33 students in the experimental group). 

Although the statistical analyses reveal significant effects 

within this sample, the small sample size reduces statistical 

power and increases the risk of unreliable or inflated 

estimates. The relevance of sample size is particularly 

evident for skills demonstrating only marginal or inconsistent 

improvement, as a larger sample can yield more accurate and 

reliable results. Moreover, because the research was 

conducted in a single urban public school, the findings cannot 

be generalized to the wider population of Moroccan 

fourth-grade students. Schools across Morocco substantially 

differ in linguistic backgrounds, access to digital resources, 

teacher qualifications, and classroom conditions, all of which 

could influence the effectiveness of digital reading 

interventions. Therefore, future research should include 

larger, more diverse samples from multiple schools and 

regions to enhance external validity. Another limitation 

involves the use of a researcher-developed rubric to assess 

decoding and reading comprehension. Although the 

instrument was based on established literacy frameworks and 

involved pilot testing and inter-rater reliability checks to 

improve its validity and consistency, it remains a 

nonstandardized measure. Therefore, the observed gains 

should be interpreted within the scope of this specific rubric 

and may not directly reflect performance on national or 

international standardized reading assessments. Future 

studies should improve generalizability by combining this 

rubric with standardized tests or validating the instrument 

across larger, more diverse populations. 

VI. CONCLUSION 

This study demonstrates that mobile-assisted reading 

instruction can differentially influence reading subskills in a 

second language context. Specifically, the integration of 

Boukili enhances word decoding skills (C1–C4) in 

fourth-grade students through engaging and repetitive 

activities, aligning with previous research on interactive 

technologies. However, the impact of digital tools on reading 

comprehension (C5–C8) was limited because direct 

instruction, classroom discussion, and parental support are 

required for deeper cognitive processes. Only the ability to 

identify the general theme (C7) showed significant 

improvement. This key distinction between decoding and 
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comprehension outcomes is the main contribution of the 

study, as it emphasizes how mobile reading apps affect 

different parts of reading in varying ways. 

Moreover, Boukili increased students’ motivation to read 

because of gamified learning. However, methodologically, 

the small sample size hinders the generalizability of the 

results. Furthermore, teacher and parental involvement 

remains essential, particularly for developing comprehension 

skills, underscoring the need for a balanced approach 

integrating technology with direct instruction and home 

support. 

VII. APPENDIX 

A. Detailed Statistical Analyses 

 

Table A1. Independent samples T-test of skills scores in the pretest 

Skills 

Levene Test for 

Homogeneity of 

Variances 

Test T for Equal Means 

 

F Sig. t df 
Sig. 

(2-tailed) 

Mean 

Difference 

Standard 

Deviation 

Difference 

Confidence Interval with 

95% 

Lower Upper 

C1 

Equal Variances 

Assumed 
0.288 0.593 −1.071 66 0.288 −0.281 0.262 −0.803 0.242 

Inequal Variances 

Assumed 
- - −1.068 64.569 0.289 −0.281 0.263 −0.805 0.244 

C2 

Equal Variances 

Assumed 
0.077 0.782 −0.161 66 0.872 −0.042 0.263 −0.568 0.483 

Inequal Variances - - −0.161 65.977 0.872 −0.042 0.263 −0.567 0.482 

C3 

Equal Variances 

Assumed 
0.662 0.419 −0.321 66 0.749 −0.075 0.234 −0.543 0.393 

Inequal Variances 

Assumed 
- - −0.320 64.391 0.750 −0.075 0.235 −0.545 0.394 

C4 

Equal Variances 

Assumed 
0.077 0.782 0.145 66 0.885 0.028 0.191 −0.354 0.409 

Inequal Variances 

Assumed 
- - 0.145 65.589 0.885 0.028 0.191 −0.354 0.409 

C5 

Equal Variances 

Assumed 
2.507 0.118 1.120 66 0.267 0.231 0.206 −0.181 0.643 

Inequal Variances 

Assumed 
- - 1.127 64.534 0.264 0.231 0.205 −0.178 0.641 

 

 

C6 

Equal Variances 

Assumed 
0.763 0.386 −0.390 66 0.698 −0.039 0.100 −0.238 0.161 

Inequal Variances 

Assumed 
- - −0.387 59.856 0.700 −0.039 0.101 −0.240 0.163 

 

C7 

Equal Variances 

Assumed 
1.123 0.293 −0.526 66 0.600 −0.034 0.064 −0.162 0.094 

Inequal Variances 

Assumed 
- - −0.523 61.518 0.603 −0.034 0.065 −0.163 0.095 

C8 

Equal Variances 

Assumed 
0.014 0.905 −0.060 66 0.953 −0.003 0.058 −0.119 0.112 

Inequal Variances 

Assumed 
- - −0.060 65.491 0.953 −0.003 0.058 −0.119 0.112 

 
Table A2. Independent samples T-test of skills scores in the post-test 

Skill 

Levene Test for 

Homogeneity of 

Variances 

Test T for Equal Means 

 

F Sig. t df 
Sig. 

(2-tailed) 

Mean 

Difference 

Standard 

Deviation 

Difference 

Confidence Interval with 95% 

Lower Upper 

C1 

Equal Variances 

Assumed 
0.053 0.819 −2.124 66 0.037 −0.584 0.275 −1.134 −0.035 

Inequal Variances 

Assumed 
- - −2.131 65.841 0.037 −0.584 0.274 −1.132 −0.037 

C2 

Equal Variances 

Assumed 
0.230 0.633 −2.071 66 0.042 −0.587 0.283 −1.153 −0.021 

Inequal Variances 

Assumed 
- - −2.075 65.993 0.042 −0.587 0.283 −1.152 −0.022 

C3 

Equal Variances 

Assumed 
0.225 0.637 −2.446 66 0.017 −0.638 0.261 −1.159 −0.117 

Inequal Variances 

Assumed 
- - −2.445 65.691 0.017 −0.638 0.261 −1.159 −0.117 

C4 

Equal Variances 

Assumed 
0.003 0.957 −2.741 66 0.008 −0.614 0.224 −1.061 −0.167 

Inequal Variances 

Assumed 
- - −2.733 64.379 0.008 −0.614 0.225 −1.063 −0.165 

C5 
Equal Variances 

Assumed 
0.273 0.603 −0.891 66 0.376 −0.212 0.238 −0.687 0.263 
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Inequal Variances 

Assumed 
- - −0.891 65.555 0.376 −0.212 0.238 −0.688 0.264 

C6 

Equal Variance 

Assumed 
1.254 0.267 −1.310 66 0.195 −0.208 0.159 −0.525 0.109 

Inequal Variances 

Assumed 
- - −1.305 63.519 0.197 −0.208 0.159 −0.526 0.110 

C7 

Equal Variances 

Assumed 
21.094 0.000 −2.330 66 0.023 −0.281 0.121 −0.522 −0.040 

Inequal Variances 

Assumed 
- - −2.296 50.625 0.026 −0.281 0.123 −0.527 −0.035 

C8 

Equal Variances 

Assumed 
12.365 0.001 −1.729 66 0.089 −0.217 0.126 −0.468 0.034 

Inequal Variances 

Assumed 
- - −1.693 42.202 0.098 −0.217 0.128 −0.476 0.04 

 
Table A3. Paired samples test 

Pairs of Competency 

Samples 

Paired Differences 

t df Sig. (two-tailed) 
Mean 

Standard 

Deviation 

Mean Standard 

Error 

95% CI of Diff 

L Upper 

Pair 1 C1 0.818 0.392 0.068 0.679 0.957 12.000 32 0.000 

Pair 2 C2 1.030 0.394 0.069 0.891 1.170 15.019 32 0.000 

Pair 3 C3 0.848 0.442 0.077 0.692 1.005 11.036 32 0.000 

Pair 4 C4 0.727 0.517 0.090 0.544 0.911 8.085 32 0.000 

Pair 5 C5 0.758 0.502 0.087 0.580 0.936 8.671 32 0.000 

Pair 6 C6 0.455 0.506 0.088 0.275 0.634 5.164 32 0.000 

Pair 7 C7 0.333 0.479 0.083 0.164 0.503 4.000 32 0.000 

Pair 8 C8 0.242 0.561 0.098 0.044 0.441 2.484 32 0.018 

*CI of Diff: Confidence Interval of the Difference. 
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