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Abstract 
Computer Mediated Communication (CMC) and Computer Assisted Language 
Learning (CALL) have become critical in distance language education as 
posed by the high rate of technological change. This research question 
will address how CMC and CALL tools, as well as AI-based technologies, 
can be used to improve the results of language learning. The quantitative 
research design was taken up in the form of pre-test and post-test to assess 
the performance of learners. The participants of the study were a sample 
of 130 people, consisting of undergraduate and postgraduate students 
and instructors who were chosen by stratified random sampling. Online 
learning platform logs, structured questionnaires to evaluate engagement 
(cognitive, social, affective) and pre- and post-language evaluation and 
analytics generated by the system in the use of AI tools were used to collect 
data. The statistical data gathered were examined through descriptive 
statistics, paired t-test, correlation and regression models to determine the 
relationship existing between variables and learning outcomes. The findings 
show that there is a great improvement in the performance of the learners, 
mean scores going up to 78.6 (post-test) as compared to 57.8 (pre-test), 
and the average learning gain is 20.8. Statistical significance is proven by 
the paired t-test (t = 12.45, p < 0.001). Correlation analysis demonstrates 
that the CMC usage (r = 0.62), CALL usage (r = 0.65), engagement (r = 
0.71) and learning gain have positive relationships. The strongest predictor 
as indicated by the regression results is engagement (r = 0.67). The best 
performance of 89 per cent was attained in the integrated CMC + CALL + 
AI model. The paper finds that language learning that involves the use of 
technology is very effective in achieving high performance and engagement 
that is why it is very effective in distance learning. Adaptive learning systems 
and inclusive digital pedagogies should be the topic of future research.
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language teaching and learning. CALL allows the 
learner to participate in interactive and self-
paced learning, using multimedia tools, automated 
feedback, and collaborative tools at different levels 
of instruction, presentation, practice, and assessment 
(Kumar & Sreehari). CALL has grown over the last 
three decades, and there is the development of the 
corresponding paradigms, including Mobile-Assisted 
Language Learning (MALL), Technology-Enhanced 
Language Learning (TELL), and Artificial Intelligence 
(AI)-based language learning systems (Hubbard & 
Levy; Fathi et al., 2024).

The previous literature focuses on the importance 
of high-tech technologies to improve the language 
learning process. The interactions involving AI, 
such as the ones that enhance speaking skills and 
the desire to speak have also been demonstrated 
to improve learning and adaptability by offering a 
personalized and adaptive learning environment 
(Fathi et al., 2024). On the same note, mobile-assisted 
and multimodal learning environments have been 
established to increase the engagement, autonomy, 
and satisfaction of learners as very effective in 
distance education (Mohammadi Zenouzagh et al., 
2023). Also, collaborative and project-based methods 
that are applied to CMC platforms promote critical 
thinking, creativity, and communication skills among 
learners (Kato et al., 2023).

Although the amount of research on CMC and 
CALL is growing, one can still argue that there is a 
gap in the systematic study of the role of the latter 
in the language pedagogy, especially in the distance 
learning setting. Learning language is by definition 
interactive, which means that it involves constant 
communication and feedback, as well as interaction. 
Nonetheless, the distance education setting tends to 
be difficult when it comes to keeping these aspects 
functional. Thus, it is also essential to learn how this 
gap can be addressed with the help of CMC tools to 
improve the results of language learning and make 
online education systems effective (Shadiev & Yu, 
2024). Moreover, there is a growing dependency 
on the digital platforms, which will require an 
assessment of the positive and negative aspects of 
language learning through technology.

This paper will make a contribution to the 
current body of literature because it will present 

Introduction
Since its beginning, Computer Mediated 
Communication (CMC) has received much attention 
as it has evolved to become extremely portable and 
accessible digital environments, which are capable of 
the ability to interact in real-time across the globe. 
This change has made CMC an integral element 
in various fields, especially education whereby 
communication technologies enable teaching and 
learning to occur outside the classroom (Han, 2020). 
The high rate of digital technologies development 
and the extensive use of the Internet has contributed 
to the acceleration of the use of CMC in the academic 
context and made it an inevitable instrument of the 
modern pedagogy (Hou & Yu, 2023).

The significance of CMC was more pronounced 
during the COVID-19 pandemic, as it required a 
rather rapid transition between face-to-face learning 
and online and distance learning. This shift brought 
forth the possibilities and limitations of technology 
mediated learning, but specifically with language 
learning where interaction, communication, and 
feedback are fundamental elements (Aubrey & 
Philpott, 2023). Distance education has also been 
made possible through CMC tools such as video 
conferencing, discussion forums, and collaborative 
platforms and enables learners to utilize educational 
resources without regard to geographical boundaries; 
therefore, democratizing education and increasing 
inclusiveness (Weidlich et al., 2024).

Initially, CMC has been described as the act 
through which individuals produce, share, and re-
ceive information via networked telecommunications 
systems, which provide encoding, transmitting and 
decoding of messages (Hiltz & Turoff, 1978). This orig-
inal definition still guides modern definitions which 
now include a broad category of synchronous and 
asynchronous communication tools employed in ed-
ucation. As related to the language pedagogy, CMC 
supports true communication, collaborative learning, 
and more learner engagement which are critical to the 
successful language acquisition (Quchqorova et al.,  
2025).

Closely associated with CMC is Computer Assisted 
Language Learning (CALL) that implies the use of 
computer technologies to facilitate and improve 
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an in-depth review of the recent research on CMC 
and CALL, and specifically on the application of 
these methods in language teaching process in the 
context of distance education. It combines the 
results of the modern research to emphasize the new 
tendencies including AI-based learning, synchronous 
communication space, and collaborative online 
platforms. Moreover, the research is expected to 
provide the existing gap between theoretical ideas 
and practical implementation to give the insights into 
the way the technological tools could be effectively 
used to improve the process of learning and teaching 
languages.

The rest of this paper will be organized in the 
following way. The following part gives a critical 
analysis of the literature on CMC and CALL with 
special attention to the current developments and 
studies. This is then followed by the methodology 
section which provides the research design, sampling 
methodologies and the data analysis methods that 
the study will use. These are followed by the findings 
and discussion section which discusses the important 
findings and how it can be interpreted in the context 
of language pedagogy. Lastly, conclusions and findings 
of the paper are made with an overview of the main 
findings, limitations and recommendations to the 
further research.

Review of Literature in CMC and 
CALL
New developments in Computer-Assisted Language 
Learning (CALL) and Computer-Mediated Communica-
tion (CMC) have brought a tremendous change in lan-
guage pedagogy and especially in distance learning 
and hybrid learning systems. Han has provided a sys-
tematic historical view of the development of CALL, 
pointing out that the current state of emerging tech-
nologies like Artificial Intelligence (AI), Augmented 
Reality (AR), Virtual Reality (VR) and Mobile-Assisted 
Language Learning (MALL) is changing the paradigms 
of second language acquisition (Han, 2020). This un-
derpinning view makes CALL a constantly changing 
field which is affected by the larger technological ad-
vances and changes in pedagogy.

The modern research also builds upon this 
theoretical foundation by analyzing particular 

pedagogical integrations. As an example, CMC-based 
project-based language learning has been found to 
improve the engagement and acquisition of practical 
skills by learners, particularly in distance learning 
environments where cooperative digital assignments 
facilitate active learning (Kato et al., 2023). On 
the same note, computer-mediated communication 
(SCMC) has also become an option to replace the 
traditional classes as it allows real-time communication 
and enhances communicative competence in the 
second language learners (Quchqorova et al., 2025). 
Comparative research on the face-to-face and video-
based CMC modalities also demonstrates that digital 
environments may yield similar or even better results 
in terms of the learner engagement and performance 
(Aubrey & Philpott, 2023).

There is an increasing research literature that 
has given attention to learner centered performance, 
engagement and satisfaction in CMC settings. 
Research has shown that multimodal and text-based 
communication systems can greatly contribute to 
learner autonomy and motivation, and thus, general 
language skills (Mohammadi Zenouzagh et al., 2023). 
Moreover, mobile-assisted peer feedback has been 
identified to minimize anxiety and enhance the 
speaking performance of learners, which proves the 
psychological value of technology-mediated learning 
(Ebadijalal & Yousofi, 2023; Chen et al., 2023). 
Furthermore, CMC peer feedback and automated 
feedback systems are also helpful in enhancing 
the performance of writing, especially when used 
together (Tan et al., 2023).

The increasing influence of Artificial Intelligence 
and new technologies on the language learning 
process are also featured in other recent publications 
(Ebadijalal & Moradkhani 2025). The mediation of 
AI has shown that intelligent tutoring systems can 
influence the speaking skills of learners and their 
willingness to communicate in a meaningful positive 
manner, which is evidence of the transformational 
power of the AI-mediated interactions (Fathi et al., 
2024). Similarly, learning platforms based on chatbots 
have been mentioned, and it is stated that the 
adoption of chatbots by teachers is determined by 
the usability, socialization, and perceived usefulness 
(Chocarro et al., 2023). It has also believed in the 
inclusive chatbot that can assist non-English speakers 
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in the online learning environment and more so in 
terms of accessibility and user-centred design (Han 
et al., 2023).

The second important issue of the present 
study is cognitive and psychological factors, which 
influence the efficiency of CALL. One of the theories 
applied is the cognitive load theory, to simplify the 
technology-aided learning, thus the instructional 
design facilitates, rather than hinders, language 
learning (Bahari et al., 2023). In addition, the social 
presence concept and psychological distance are also 
determined as an important factor in online learning, 
which influences the interaction of students and 
their perception of the results of distance learning 
(Weidlich et al., 2024). Communication through 
avatars and the formation of virtual identities has 
also been discussed and the impact of the digital 
representation on learner interaction and social 
identification (Teng et al., 2023).

In a wider analytical sense, bibliometric research 
shows that there is a remarkable expansion in the 
research on the topic of synchronous CMC, which 
means that there is an increased level of scholarly 
interest and a variety of research topics are 
developed within the field (Hou & Yu, 2023). Moreover, 
systematic reviews have also given attention to 
the importance of CMC in improving well-being and 
interpersonal communication in virtual settings, 
which implies that its contribution is not limited 
to academic performance only ([Sadr et al., 2017). 
Technology-mediated feedback studies also show 
that the second language writing skills have been 
improved consistently over the last few years, which 
supports the use of digital technologies in language 
pedagogy (Loncar et al., 2023).

New trends also include the implementation 
of robotics and hybrid learning environment where 
the communication mediated by a robot facilitates 
the management of the interaction and helps to 
enhance the classroom dynamics (Jakonen & Jauni, 
2024). Also, intercultural competence has become a 
prominent topic, and the researches are concerned 
with the way in which CALL might be used to help 
provide cross-cultural interaction and cross-cultural 
language awareness (Shadiev & Yu, 2024). ICT has 
been discovered to mediate translanguaging in online 

international education and positively influence 
identity and multilingual competence development 
in learners (Ou et al., 2024).

The research that is based on the Indian and 
global ESL context also supports the necessity to 
integrate sub-skills, including listening, speaking, 
reading, and writing (LSRW) using technology-based 
pedagogies (Vasanthan & Nandhini, 2022). The studies 
of metacognitive strategies show that the systematic 
cognitive activities have a great positive effect on 
the development of second language speech and 
second language learner awareness (Karunanithi et 
al., 2020). Besides, sociolinguistic studies of language 
learning note the changing character of using English 
based on digital communication and international 
interaction (Karthikeyan et al., 2023).

It is evident in the reviewed literature that CMC 
and CALL have developed into holistic, learner-
oriented structures that combine technological, 
cognitive, and social aspects of language learning. The 
actual research findings have shown that technology-
enhanced settings are effective in enhancing language 
proficiency, engagement of learners, autonomy, and 
communication skills. Replacing the traditional CALL 
with AI-based and multimodal learning systems is a 
drastic change in the paradigm of language pedagogy.

Nevertheless, even with such developments, there 
are still gaps in the area of applying the theory to the 
empirical validation in various educational settings, 
especially in the developing world. Also, the issue of 
cognitive load, online accessibility, and the standards 
of academic writing continue to exist. Thus, the 
current research is planned to expand on these results 
by critically looking at the usage of CMC in language 
pedagogy, especially in distance learning environment, 
and fill the gap in the available literature.

Research questions?
1.	 How does Computer-Mediated Communication 

(CMC) influence the effectiveness of language 
teaching and learning in distance education 
environments?

2.	 What role do Computer-Assisted Language 
Learning (CALL) tools play in enhancing learners’ 
language skills (Listening, Speaking, Reading, and 
Writing)?
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3.	 How do synchronous and asynchronous CMC 
platforms impact learner engagement, 
interaction, and communicative competence in 
second language learning?

4.	 What are the perceptions, attitudes, and 
challenges faced by learners and educators in 
adopting CMC and CALL technologies, particularly 
in the transition from pre-pandemic to post-
pandemic education?

5.	 How do emerging technologies such as Artificial 
Intelligence, mobile learning, and chatbots 
contribute to learner autonomy, motivation, 
and overall language learning outcomes in CMC 
environments? 

Methodology
The research approach proposed is quantitative 
research that will be used to conduct a systematic 
study on how Computer Mediated Communication 
(CMC) and Computer Assisted Language Learning 
(CALL) influences language acquisition in the 
context of distance learning settings. The research 
starts with an exercise of identifying the sample of 

the participants, including students and teachers 
involved in online language learning environments, 
which will guarantee the representation of real-life 
online learning situations. This is accompanied by 
the pre-test test to determine the baseline language 
proficiency levels of the participants which forms a 
point of reference with regard to the measurement of 
the learning outcomes. The intervention phase exposes 
the learners to the blending of CMC tools including 
discussion forums, live chats, and video conferencing 
and CALL-based instruction tools including interactive 
exercises, AI-based tools, and automated feedback 
systems which promote self-paced and adaptive 
learning. At the same time, the engagement tracking 
is performed through the measurement of cognitive, 
social, and affective aspects of learner engagement 
in order to comprehend the impact of interaction and 
emotional investment on the effectiveness of learning. 
A post-test evaluation is done after the intervention 
to determine the progress in language proficiency. 
Lastly, statistical methods are used to analyze the 
data to investigate the connection between CMC use 
and CALL integration with engagement and learning 

Fig. 1: Architecture of CMC–CALL Integrated Language Learning Framework
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which are important technological conditions 
that affect the learning process. Learning gain is a 
dependent variable, which is the difference between 
the post-test scores and the pre-test scores, and is an 
indicator of the effectiveness of the intervention. The 
learner engagement, cognitive, social, and affective, 
is considered as the mediating variable, because it 
determines how learners will interact with the digital 
tools and how it will affect the overall learning 
outcomes. The research design allows a thorough 
assessment of the efficiency of technology-enhanced 
language learning environments, as both direct and 
indirect variables can be included in it.

Sampling
The research uses a stratified random sampling 
methodology to provide a representative inclusion of 
the major groups of participants in distance language 
education. Out of 130 participants were picked 
including learners and educators to provide a variety 
of views on the application of Computer Mediated 
Communication (CMC) and Computer Assisted 
Language Learning (CALL) technologies.

The sample is divided into two main groups: 
students (which constitute about 85% of the sample) and 
instructors (this makes up 15% of the sample), which is 
the proportion in the educational context. Additional 
segmentation is on the level of education, where there 
are undergraduate (UG) and postgraduate (PG) students 
to meet the differences in academic background, 
technological familiarity, and learning needs.

Stratified random sampling improves the 
representativeness of the study and generalizability 
since the proportion of relevant subgroups is 
represented, and sampling bias is reduced. This 
method contributes to the validity of the results and 
enables to interpret the effects of CMC and CALL on 
the learners of various categories more precisely.

Data Collection
The study data were gathered using various sources to 
guarantee the provision of a holistic and valid evaluation 
of the learning outcomes and the engagement of the 
learners in the technology-mediated environment. 
The logs of usage were acquired online in the form 
of online learning platforms, which recorded the 
interactions between participants and CMC tools, 

outcomes to determine the empirical evidence on the 
benefits of technology-enhanced language pedagogy 
in a distance learning context.

As shown in Figure 1, the proposed framework 
incorporates Computer Mediated Communication 
(CMC), Computer Assisted Language Learning (CALL), 
and AI-supported feedback system to improve the 
language learning process in distance learning. This 
model starts by the learners interacting with each 
other using the CMC platforms, which include the 
discussion forums, chats, and video conferencing, 
which promote communication and collaborative 
learning. These communications are facilitated by 
CALL tools which offer guided learning by way of 
interactive activities and by digital courses. At the 
same time, AI feedback systems provide automated 
and adaptive feedback to the learner to provide 
the latter with personal learning experiences. 
The framework comprises of both engagement 
measures (cognitive, social, and affective) as well 
as performance measures (pre-test and post-test 
scores) which are further fed into a centralized data 
analysis module to be statistically analyzed. The 
ultimate product of this hybrid system can be seen in 
the enhanced learning results such as skills training 
and the overall success in academic achievement 
which proves the efficiency of the integration of 
CMC and CALL with the use of AI technologies in the 
contemporary language teaching.

Research Design
The current research assumes the quantitative 
experimental research design to conduct a systematic 
study to determine the effect of Computer Mediated 
Communication (CMC), Computer Assisted Language 
Learning (CALL), and AI-based tools in learning 
languages in distance education. The pre-test- post-
test design is used to quantify the improvements in 
learning of the learners where the baseline level 
of the target language is measured before the 
intervention and then compared with the results 
obtained after the exposure of the learner to CMC- 
and CALL-based teaching techniques. The design will 
enable analysis of cause-effect relationships between 
integration of technology and learning improvement. 
The independent variables in the study are the level 
of CMC usage, CALL usage, and AI tool integration, 
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including discussion forums, chat systems, and video 
conferencing, and their interaction with CALL-based 
instructional modules.

To quantify the engagement of the learners, 
the structured questionnaires were used and were 
based on the cognitive, social and affective aspects 
of participation. These tools gave understanding of 
the level of engagement and interaction of learners 
during the learning process. Moreover, pre-test and 
post-test language tests were done to measure the 
level of language proficiency of the participants and 
the level of improvement after the intervention.

Analytics generated by the system, especially 
regarding AI-based technologies, was gathered to 
track trends of individualized feedbacks, usage 
of the tools, and adaptive learning patterns. This 
combination of different data sources guarantees high 
methodological soundness and allows examining the 
effectiveness of CMC and CALL in distance language 
education in a holistic way.

Data Analysis
To determine the effectiveness of CMC and CALL in 
language learning, the collected data were analyzed 
with the help of a mixture of descriptive and 
inferential statistical methods. First, the descriptive 
statistics such as the mean and standard deviation 
were calculated to provide an overview of the 
performance and level of engagement and pattern 
of use of technology by participants. The effect of 
the intervention was evaluated through a paired 
t-test to compare the score of pre-test and post-test 
to establish whether or not the observed changes in 
language proficiency were statistically significant. 
Moreover, the correlation analysis was conducted to 
look at the connection between the most important 
variables, including CMC usage, engagement levels, 
and learning gain, and determine the strength 
and direction of the relationships between them. 
Also, regression modeling was used to examine the 
interaction between the independent variables (CMC 
usage, CALL usage, and AI tools) and the mediating 
variables (engagement) on the dependent variable 
(learning gain), which allowed a better understanding 
of predictor variables that would affect learning 
results. The extensive method of analysis gives the 
study sufficient validation of their findings.

Algorithm: CMC–CALL Learning 
Effectiveness Evaluation
The algorithm below will measure the effect of 
Computer Mediated Communication (CMC) and 
Computer Assisted Language Learning (CALL) on the 
performance and the engagement of the learners 
based on the dataset obtained.

Input:
Dataset containing learner attributes such as pre-test 
score, post-test score, CMC usage, CALL usage, AI tool 
usage, and engagement metrics.

Output:
Learning Gain and Engagement Impact

Procedure:
Step 1: Compute Learning Gain
For each participant , the learning gain is calculated 
as the difference between post-test and pre-test 
scores:

	

Step 2: Compute Engagement Score
The overall engagement score is derived by averaging 
the three engagement components:

	

Step 3: Participant Grouping
Participants are categorized into groups based on:
•	 CMC usage levels (low, medium, high) 
•	 CALL usage scores 
•	 AI tool usage (enabled/disabled) 
Step 4: Mean Learning Gain Calculation
For each group, the average learning gain is computed 
to compare performance across different levels of 
technology usage.
Step 5: Correlation Analysis
Statistical relationships are evaluated using 
correlation measures:
•	 Corr(CMC Usage,Learning Gain)
•	 Corr(Engagement,Learning Gain)
Step 6: Output Results
The algorithm outputs:
•	 Mean learning gains across groups 
•	  Correlation coefficients 
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•	  Statistical significance levels 
•	  Observed trends in performance and engagement 

This algorithm is a systematic quantification of 
the performance of CMC and CALL in language learning 
that involves a combination of the measures of 
performance and measures of engagement. It allows 
determining the patterns of correlation between the 
use of technology and the learning outcomes and 
emphasize the role of intermediation of the learner 
engagement. Findings of this algorithm give empirical 
evidence to assess digital pedagogy in the distance 
education setting.

Mathematical Description
The methodology suggested is mathematically 
designed to measure the outcomes of learning and the 
participation in the CMC-based language education 
using CALL.

Learning Gain:

	 	 (1)

Equation (1) is the learning gain of every participant, 
which is the difference between post-test and pre-
test scores.

Engagement Score:

	 	 (2)

The overall engagement score is computed as the 
mean of the components of cognitive, social, and 
affective engagement as indicated in equation (2).

Correlation Model:

	 	 (3)

Equation (3) represents the gain of learning as a 
dependent variable on CMC usage, CALL usage, 
and engagement with an error term to capture  
variability.

Results and Discussion
Software Details
The suggested CMC-CALL framework was implemented 
and analyzed with the help of conventional data 
analysis instruments. The data was processed and 
analyzed through Python (Pandas, NumPy, Scikit-
learn libraries) to conduct statistical calculations, 
correlation, and regression modeling. Results were 
visualized with Matplotlib and Seaborn, and cross-
validation of statistical results (t-tests and descriptive 
statistics) was optional and done with SPSS.

Dataset Details
The dataset used in the study is of 130 participants, 
which is intended to replicate the real-life situation 
in an online language learning environment. The 
variables represented in the dataset are wide in 
order to conduct a holistic analysis of the learning 
performance as well as behavioral engagement in 
technology mediated education.

It includes demographic factors, including role 
of the participants (student and instructor) and level 
of education (undergraduate and postgraduate) that 
make it easier to study discrepancies among learners. 
The variables of performance related such as pre-test 
and post-test scores allow calculating the learning 
gain and assessing the effectiveness of instruction.

The indicators of technology use that are also 
covered in the dataset are the CMC usage (measured 
in the number of hours per week), the CALL usage, 
scores on the standardized scale, and the AI tool 
usage metrics, all of which are indicators of the 
extent of digital learning engagement. To measure 
the engagement of the learners, the engagement 
variables are recorded on three dimensions cognitive, 
social, and affective that give information about the 
interaction of the participants with the learning 
environment.

The dataset captures the types of feedback 
(manual, automated and hybrid) that allow the 
analysis of various instructional support mechanisms. 
On the whole, the data set is organized to facilitate 
the evaluation of the quantitative performance and 
behavioral analysis, which is why it could be used to 
consider the efficiency of CMC and CALL in distance 
language education.
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Table 1: Parameter Initialization for  
CMC–CALL Study

Parameter Value / Range

Sample Size 130

CMC Usage 2–15 hours/week

CALL Score 1–10 scale

Engagement Scores 1–10 scale

Learning Gain Derived (Post – Pre)

Significance Level (α) 0.05

Table 1 will summarize the main parameters to 
be used in the experimental study of CMC and CALL 
in distance language education. The 130 number 
of participants is adequate to provide enough 
representation of the sample of both students and 
instructors in the statistical analysis. The use of CMC 
is assessed using hours per week which indicates 
the level of activity with communication mediums 
and CALL scores indicate how learners engage 
with the structured language learning modules on 
a scale of 1-10 as a standard. Engagement scores 
are cognitive, social and affective involvement 
in the learning process which are quantified. The 
difference between post-test and pre-test scores, 
which is the major indicator of the improvement of 
learning, is used to calculate learning gain. Lastly, 
the level of significance (0.05) is used to define 
statistical significance in all the inferential tests to 
be performed in the study. This parameter setting 
provides consistency and reliability in analyzing the 
effect of digital tools on the process of language  
learning.

The effectiveness of the CMC-CALL framework 
in its association with the learning improvement and 
statistics associations are evaluated the assistance of 
the following mathematical models:

1. Learning Gain (LG):

	 	 (4)

Learning gain is defined by equation (4) as the 
difference between post-test and pre-test scores 
which show a better language proficiency.

2. Mean (μ):
	 	 (5)

Equation (5) is the arithmetic average, which is 
applied to calculate the average value of performance 
and engagement indicators.

3. Standard Deviation (σ):

	 	 (6)

Equation (6) quantifies the difference between the 
mean and the data values, which implies variability 
in the performance of the learners.

4. Correlation Coefficient (r):

	 	 (7)

Equation (7) measures the direction and strength of 
the linear relationship between two variables, i.e. 
CMC usage and learning gain.

5. Regression Model:

    	 	 (8)

Equation (8) is a model of learning gain as a dependent 
variable on CMC usage, CALL usage, and engagement 
which can be used to predict and analyze the factors 
that have an influence.

Table 2: Descriptive Statistics of  
Performance and Engagement

Metric Mean Standard Deviation

Pre-test Score 57.8 8.5

Post-test Score 78.6 7.9

Learning Gain 20.8 6.2

Engagement Score 6.9 1.5

Table 2 shows the descriptive statistical analysis of 
important variables associated with the performance 
and engagement of learners in the study. The average 
pre-test result (57.8) is used to show the language 
proficiency of the subjects before the intervention, 
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and the average post-test result (78.6) shows the 
significant improvement in language proficiency 
after exposure to CMC and CALL-based learning. The 
learning gain (20.8) obtained after the calculations 
shows the efficiency of technology-based teaching 
method. The values of standard deviation indicate 
an average level of variability in scores meaning 
that the majority of the participants demonstrated 
a consistent improvement. Also, the engagement 
score (mean = 6.9) shows a fairly high engagement 
rate among the learners in both cognitive, social, 
and affective aspects. On the whole, these statistics 
prove that the incorporation of digital tools has a 
positive impact on the performance and engagement 
in the distance language learning setting.

Table 3 shows the findings of the paired t-test that 
will be used to compare the language performance 
of the participants before and after the CMC-CALL 
intervention. The average scores reveal that there 
is a significant improvement between pre-test (57.8) 
and post-test (78.6) which indicates significant 
improvement in the language proficiency. The t-value 
obtained (12.45) is quite large and it implies that there 
is a high difference between the two sets of scores. 
Moreover, the p-value (< 0.001) is significantly lower 
than the standard level of significance (α = 0.05),  
which proves that the obtained improvement is 
statistically significant and is not caused by random 

error. These results confirm the usefulness of the 
combination of CMC and CALL tools used in boosting 
the language acquisition in distance learning settings.

The comparison of the pre-test and post-
test mean scores of the participants is depicted in 
Figure 2. Figure shows that the post-test scores are 
significantly and substantially greater than the pre-
test ones, which proves that the language proficiency 
of learners has improved considerably due to the 
introduction of CMC instructional strategies and 
CALL-based approaches to teaching. This illustrative 
depiction supports the statistical data, which prove 
that the technology-based learning strategy is 
efficient in improving the performance of the students 
in a distance learning setting.

The correlation analysis of the relationships 
between the technology usage, engagement, and 
learning outcomes is presented in Table 4. The 
findings show that there is a positive association 
between all the independent variables and learning 
gain. In particular, the moderate positive correlations 
between CMC use (r = 0.62) and CALL use (r = 0.65) 
indicate that the more one uses communication and 
learning tools, the better language performance. It 
is worthwhile to note that engagement (r = 0.71) 
has a positive relationship with learning gain which 
has been ascertained to be much stronger hence 
establishing that engagement is vital as a mediating 
variable in the learning process. The implications 

Table 3: Paired t-test Analysis of Pre-test and Post-test Scores
Variable Mean (Pre-test) Mean (Post-test) t-value p-value Significance

Language Scores 57.8 78.6 12.45 < 0.001 Significant

Fig. 2: Pre-test vs Post-test Comparison Fig. 3: CMC Usage vs Learning Gain
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of these findings are that technological tools are 
relevant, but the extent of learner engagement 
is a significant factor that improves their utility in 
distance language learning.

Figure 3 illustrates the correlation between 
the degree of Computer Mediated Communication 
(CMC) application and the associated learning gain 
by the participants. The positive trend is evident 
as depicted in figure 3 whereby learners who use 
CMC tools more often are more likely to have a high 
degree of learning gains. This implies that when 
there is more interaction between the learners in 
the form of communication systems like discussion 
forums, chats, and video conferencing, the process 
of acquiring the language will be increased.  
The positive trend in the scatter distribution supports 
the correlation results, as it attests that CMC use is an 
important factor in enhancing the learning outcomes 
in distance education settings.

Fig. 4: Engagement vs Learning Gain

Figure 4 shows the correlation between the 
learner engagement and learning gain in the CMC-
CALL based distance learning setting. As can be 
seen in figure, engagement levels have a strong 

positive relationship with the growth in language 
performance. Higher engagement learners who have 
cognitive, social, and affective involvement have 
obtained much higher learning gains than lower 
engagement learners. The increasing pattern in the 
distribution indicates that engagement is a critical 
mediating variable, which increases the efficiency of 
CMC and CALL tools. This result is in line with the 
statistical result, which indicates that engagement 
is among the strongest indicators of the successful 
language learning outcome.

The outcomes of the regression analysis that 
was performed to establish the level of influence of 
CMC usage, CALL usage and learner engagement on 
learning gain are provided in Table 5. The intercept 
( = 5.12) is used to represent the minimum level of 
learning gain in the case that all predictors are zero. 
The independent variable with the highest coefficient 
is engagement ( = 0.67), which means that it is the 
best predictor of learning improvement. The positive 
effects of CALL usage ( = 0.52) and CMC usage ( = 
0.48) are also significant, which proves that the 
higher the usage of these technologies, the higher 
the learning outcomes are. The p-values of all the 
variables (< 0.001) are low, which implies that the 
model is strongly statistically significant, and it can 
be used to explain the variations in the learning gain. 
All in all, the findings of the regression highlight that 
technological tools are relevant; however, when it 
comes to language teaching in distance education, 
learner engagement is the key factor to consider.

Table 6 shows a comparative study of the various 
model configurations according to the five major key 
performance measures: accuracy, engagement im-
pact, learning gain, correlation, and efficiency. The 
findings suggest that CMC alone or CALL alone will 
offer moderate differences in learning results, with 
comparatively low accuracy and learning increase. 
The application of CMC and CALL however combined 
has a considerable impact in improving performance, 

Table 4: Correlation Analysis between Key Variables
Variables Correlation Coefficient (r) Relationship Strength

CMC Usage vs Learning Gain 0.62 Moderate Positive

CALL Usage vs Learning Gain 0.65 Moderate Positive

Engagement vs Learning Gain 0.71 Strong Positive
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which illustrates the need to combine communica-
tion and structured learning tools. The CMC + CALL 
+ AI model with the highest performance records 
the highest accuracy (89%), learning gain (24.1), and 
correlation (0.74), as well as very high engagement 
impact. Though there is a minor loss in efficiency be-
cause of complexity in the system, the improvement 
in learning outcomes is more than the limitation. 
These results strongly indicate that a comprehensive 
combination of communication, learning and intelli-
gent feedback systems is the best method of learning 
a language in a distance education setting.

Fig. 5: Model Performance Comparison

In Figure 5, the comparative visualization of 
various model configurations is provided i.e. CMC 

only, CALL only, CMC + CALL and CMC + CALL + AI, 
according to the main performance indicators 
i.e. accuracy, learning gain and correlation. The 
integrated model of CMC, CALL, and AI, as shown in 
Figure 5, shows the best results in all metrics and is 
far more effective than single or partially integrated 
solutions. The chart clearly indicates that isolated 
models have moderate results, but a combination of 
communication, structured learning, and intelligent 
feedback reveals the best results. This highlights the 
need to implement a comprehensive technology-
based model of successful language acquisition in 
distance learning settings.

Ablation Study
1.	 Impact of the Absence of AI Elements: In the cases 

when the AI-based feedback and personalization 
are left out of the model, the level of learning 
gain and engagement reduces significantly. 
This shows that AI is very important in offering 
dynamic feedback and increasing the autonomy 
of the learner. 

2.	 Impact of Removal CMC Tools: The removal 
of CMC elements e.g. chat, forums and video 
conferencing decrease the interaction and 
collaboration between the learners, which 
translates to reduced engagement and poor 
development of communication skills. 

3.	 Impact of Calls Removal: In the absence of 
structured CALL based learning modules, learners 

Table 5: Regression Analysis of Factors Affecting Learning Gain
Variable Coefficient () Standard Error t-value p-value Significance

Intercept 5.12 1.84 2.78 0.006 Significant

CMC Usage 0.48 0.11 4.36 < 0.001 Significant

CALL Usage 0.52 0.10 5.20 < 0.001 Significant

Engagement 0.67 0.09 7.44 < 0.001 Highly Significant

Table 6: Performance Comparison Using Five Evaluation Metrics
Model 

Configuration Accuracy (%)
Engagement 

Impact Learning Gain Correlation (r) Efficiency

CMC Only 72 Medium 15.2 0.58 High

CALL Only 75 Medium 17.6 0.61 High

CMC + CALL 82 High 20.4 0.68 Moderate

CMC + CALL + AI 89 Very High 24.1 0.74 Moderate
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do not receive guided practice and systematic 
skill development with the result that show less 
performance improvement and overall learning is 
ineffective. 

Discussion
The results of the present research indicate 
the high potential of using Computer Mediated 
Communications (CMC), Computer Assisted Language 
Learning (CALL), and AI-based tools to improve 
language learning outcomes in distance education 
settings. The findings of the descriptive statistics and 
paired t-test indicate clearly that the performance of 
the learners has increased significantly, which proves 
the efficiency of the suggested instruction method 
based on technology. The fact that the post-test 
scores were higher than the pre-test scores shows 
that the learners were able to gain in the forms of 
interactive and structured digital learning.

The correlation and regression analyses also 
demonstrate that the three independent variables, 
including CMC usage, CALL usage, and engagement, 
have a positive impact on learning gain, but engage-
ment has the strongest impact. This implies that the 
technological tools can offer the required platform 
and resources but the extent to which learners are 
engaged and interact in the same environments is a 
key factor that defines success in learning. The level 
of high engagement, especially at the cognitive and 
social levels, assists in enhanced understanding, re-
membering, and utilizing language proficiency.

The above findings of performance comparison 
show that a single application of either CMC or 
CALL tools brings moderate improvements, but the 
combination of the two tools brings about significant 
improvements in learning. The best performance is 
realized in the integrated CMC + CALL + AI model that 
is shown to have better accuracy, learning gain and 
correlation values. This highlights the need to integrate 
a holistic strategy that incorporates communication, 
systematic learning and smart feedback mechanisms. 
This conclusion is further corroborated by ablation 
study which demonstrates that the addition of any 
one of the components causes the deterioration in 
performance thus confirming the complementary 
aspect of these technologies.

These optimal results, some difficulties should be 
considered. The effectiveness of technology-mediated 
learning could be influenced by the differences in the 
level of digital literacy, availability of technological 
infrastructure, and the possible cognitive overload. 
Moreover, the excessive use of automated tools may 
affect the acquisition of formal writing skills under 
the condition of not being guided adequately. As such, 
there is a need to deploy such technologies using 
suitable support systems and pedagogical strategies.

The research proves that the combination of 
CMC, CALL, and AI technologies builds an efficient 
and scalable framework that can be used to learn 
languages in distance education. These findings 
indicate that the next round of research needs 
to be conducted to maximize these tools to suit 
different needs of learners, enhance accessibility, 
and investigate more sophisticated adaptive learning 
models in order to make language pedagogy more 
effective in digital space.

Conclusion
This paper has analyzed how Computer Mediated 
Communication (CMC), Computer Assisted Language 
Learning (CALL) and AI-based tools can influence 
language learning in distance education settings. The 
results are a clear indication that technology-based 
pedagogy is highly effective in improving performance 
and participation of the learners. The statistical 
analysis showed that there was significant change in 
language proficiency with the mean pre-test score of 
57.8, getting post-test score of 78.6, which gives an 
average learning outcome of 20.8. The effectiveness 
of the proposed approach was proved when the 
results of the paired t-test (t = 12.45, p < 0.001) 
proved that the given improvement is statistically 
significant. Correlation analysis also showed that 
there were positive correlations of CMC usage (r = 
0.62), CALL usage (r = 0.65), and engagement (r = 
0.71) to learning gain, with the highest contribution 
of engagement. These findings were supported 
by the results of the regression, which indicated 
that engagement produces the greatest impact on 
learning outcomes, then CALL, and CMC usage. The 
comparison of the performances showed that the 
model of the integrated CMC + CALL + AI was the 
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most accurate (89%) and had the most learning gain 
(24.1) as compared to the standalone models. The 
research drawing concludes that the combination 
of the tools of communication, designed learning 
systems, and intelligent feedback mechanisms 
provides an effective and scaled-up framework of 
the contemporary language pedagogy. Nonetheless, 
the issues of digital accessibility and differences in 
technological skills should be overcome to ensure the 
maximum benefits. The next generation of research 
ought to be in increasing adaptive learning systems, 
investigating more sophisticated AI-assisted language 
tools, and in making technology-based learning 
inclusive. On the whole, the research supports the 
increasing significance of technology in changing the 
language learning process into a more interactive, 
learner-centered, and efficient one.
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